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Abstract
Purpose Hyolaryngeal excursion (HE) is typically assessed via palpation during clinical swallowing exams (CSE) or

visually during videofluoroscopy (VFSS). Minimal evidence exists to support the use of these perceptual methods for

judging HE. We investigated whether binary judgment of HE differentiates quantitative measures of hyoid movement,

using frame-by-frame VFSS analysis to measure anatomically scaled peak hyoid positions.

Methods Medical records of patients who received a CSE and VFSS within a 24-h period were reviewed. Clinician ratings

of HE (‘reduced’ or ‘normal’) were collected from CSE and VFSS reports, along with rater experience. Five ml puree

swallows were extracted from each VFSS for randomized, blinded analysis. Peak hyoid position from C4 was captured in

anterior, superior, and hypotenuse positions and expressed relative to C2–C4 length. T-test comparisons of hyoid positions

between patients judged to have reduced versus normal HE on palpation and VFSS were conducted.

Results Eighty-seven patients (56 male, mean age 61) met criteria. Peak anterior hyoid position was significantly different

between patients judged to have reduced (mean = 89.2% C2–C4) and normal (mean = 110.6% C2–C4) HE on palpation

(p = 0.001). Further analysis revealed no effect of clinician experience on differentiation of objective measures based on

palpation. No differences were found across any objective measures when compared to clinician VFSS ratings.

Conclusions Clinicians appeared to be able to differentiate peak anterior hyoid movement but not superior or hypotenuse

movement on palpation. On VFSS visualization, no significant differences were found between swallows judged to have

reduced versus normal HE in any directional dimension. While perceptual methods may contribute to clinical decision-

making, clinicians should remain cautious when making judgments about HE using these methods.

Keywords Dysphagia � Deglutition � Deglutition disorders � Hyolaryngeal excursion � Palpation � Clinical swallowing
evaluation

Introduction

During a normal swallow, contraction of the suprahyoid

muscles results in anterior and superior movement of the

hyoid bone and larynx [1]. This movement displaces the

larynx from the bolus pathway and contributes to bolus

clearance through the upper esophageal sphincter [2, 3]. It

is believed that inadequate hyolaryngeal excursion (HE)

may result in incomplete airway closure and subsequent

penetration, aspiration [4], and/or reduced opening of the

upper esophageal sphincter resulting in pharyngeal stasis

[5]. Although videofluoroscopy is required for direct

visualization of these processes, speech-language patholo-

gists often initially rely on clinical information to assess an
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individual’s degree of swallowing impairment, aspiration

risk, and the need for further testing.

A clinical swallowing exam (CSE) typically serves as

the initial assessment of swallowing ability [6, 7]. A

standard CSE protocol includes a case history, an exami-

nation of cranial nerve function, and swallow testing with

food and liquid, if appropriate. While administering solids

and liquids of varying consistencies and volumes, clini-

cians palpate the hyolaryngeal complex. Logemann

developed and popularized the four-finger method of pal-

pation, wherein the first finger is placed on the submental

muscles, the second finger on the hyoid bone, and the third

and fourth fingers on the thyroid cartilage as the patient is

instructed to swallow [8]. Per Logemann, the purpose of

this positioning is to assess the strength of the tongue,

hyoid, and laryngeal movements during swallowing.

Additionally, these structures are palpated with the inten-

tion of making a gross estimation of oral transit time and

pharyngeal delay based on the relative timing of structural

movements [8]. Reduced HE to palpation is clinically

adopted as a sign of impaired laryngeal elevation and

closure, and a potential indication of reduced swallow

safety [9].

All aspects of swallow function assessed during the CSE

require a certain degree of subjective interpretation. In

particular, evaluation of HE may be at heightened risk for

clinician bias. Several factors have been shown to affect

HE, both within-subject (bolus volume [10–13], consis-

tency [9], and taste [14, 15]), and between-subject (sex [16]

and age [17]). Furthermore, Molfenter and Steele demon-

strated a high degree of variability in reported norms for

HE even when controlling for the above factors [18]. One

factor contributing to discrepancies in normative data may

be measurement error due to known variability in selection

of a hyoid rest frame, which is needed for calculating rest-

to-peak hyoid displacement. Peak values (most commonly

peak anterior, peak superior, and peak hypotenuse posi-

tions) have been demonstrated to be sufficient for capturing

hyoid movement, and eliminate the need for rest frame

selection [18].

Another potential source of variation specific to the

tactile nature of palpation may be the physical feasibility of

this technique. Increased submental adipose tissue can

impede adequate appreciation of laryngeal movement, or

the presence of a cervical collar may limit access to the

hyolaryngeal complex.

Given the potential for significant within- and between-

subject variation in HE as well as external barriers to

palpation, it would seem a significant challenge for clini-

cians to assess adequacy of HE based on palpation alone.

Nevertheless, McCullough et al. found that 62.1% of

speech-language pathologists report using the four-finger

palpation method during swallowing evaluations in a

neurogenic population [19]. The validated and widely used

Mann Assessment of Swallowing Ability (MASA) relies

on palpation to judge the highest point of hyolaryngeal

movement as either complete, mildly restricted, incom-

plete, or absent [20].

Despite the widespread use of palpation among prac-

ticing clinicians, minimal evidence exists to support its

utility. Across three consistencies (thin liquid, thick liquid,

and puree), McCullough et al. found insufficient interrater

reliability for determining decreased hyolaryngeal eleva-

tion via palpation; intrarater reliability was sufficient only

for thin liquid [21]. Rangarantham and McCullough

reported that perceptual rating of laryngeal elevation at the

bedside (technique unspecified) was significantly associ-

ated with perceptual rating of hyolaryngeal excursion

during VFSS based on a 4-point perceptual rating scale

[22]. However, Lee and colleagues demonstrated that

compared to normative data, experienced raters correctly

distinguish between ‘‘normal’’ and ‘‘abnormal’’ hyoid ele-

vation on videofluoroscopic swallow studies (VFSS) only

61.3% of the time, with low interrater agreement

(k = 0.40) [23].

The aim of this study was to compare clinician ratings of

HE to quantitative measures of hyoid movement to deter-

mine whether significant differences in hyoid movement

are present when HE is perceptually judged to be reduced

versus normal. Specifically, we compared quantitative

biomechanical movement of the hyoid on VFSS with two

rating methods: binary judgment of hyoid movement ade-

quacy at the bedside (palpation) and binary judgment of

hyoid movement adequacy in the VFSS (visualization). We

hypothesized no significant difference in the quantitative

hyoid measures between swallows judged to be reduced

compared to those judged to be normal in either perceptual

category (palpation, visualization). The analysis was

structured in these terms to avoid the need for comparison

to normative HE data, which, as previously mentioned, is

problematic due to high variability. Three methods of

hyoid measurement were used: peak anterior position, peak

superior position, and the combined peak hypotenuse hyoid

position. An additional exploratory aim was to investigate

the influence of rater experience on clinician judgment of

HE.

Methods

Participants

This study was approved by the University of Wisconsin

Madison School of Medicine and Public Health Institu-

tional Review Board. A medical chart review was con-

ducted of inpatients referred for a swallow evaluation at the
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University of Wisconsin Hospital and Clinics. Beginning in

November 2016, charts meeting inclusion criteria were

reviewed in reverse chronological order until a conve-

nience sample of 100 cases was reached. This target

sample size was based on a power calculation indicating a

minimum sufficient sample size of 76 (see below) and

anticipatory exclusion of studies based on image quality

and missing data. Adult inpatient records were reviewed

and considered for inclusion if a CSE and a VFSS were

both conducted as part of standard of care within a 24-h

period. Subjects were excluded if a puree bolus was not

administered during the VFSS. Demographic data extrac-

ted from the medical record included sex, age at time of

evaluation, hospital service, height, and BMI. Of the 100

total patient records collected, 13 were excluded based on

poor landmark visibility on VFSS (e.g., cervical hardware

obstructing cervical spine landmarks) or piecemeal swal-

low of the bolus of interest. This left 87 patient records that

were included for analysis (56 males; mean age

61.42 ± 19.03).

CSE and VFSS Ratings

Clinicians’ ratings of HE were collected from CSE and

VFSS reports at the time of evaluation. On the CSE

flowsheet that populates all standard-of-care evaluation

reports at this clinical site, a list of potential impairments

includes ‘‘reduced hyolaryngeal rise,’’ which could be

checked or left unchecked by the clinician. Thus, if

observations of impairment were omitted from the clinician

report, it was assumed that the clinician had judged HE to

be normal. On VFSS reports, a forced choice binary rating

of HE as either ‘‘reduced’’ or ‘‘within functional limits’’

was documented for all patients. For the purposes of this

study, ‘‘within functional limits’’ was operationalized to be

normal HE based on clinical judgment. Because of the

retrospective design, it was not known whether clinicians

made judgments in real time or chose to review VFSS

studies prior to their final interpretation. However, all

studies were recorded at 30 frames per second on a picture

archiving and communication system (PACS) and redun-

dantly on DVD so all clinicians had the option of frame-by-

frame review in the original frame rate. For both the CSE

and VFSS, a single, global judgment of HE was made for

each participant based on an overall impression of HE

across all swallow trials. Subjects were grouped based on

the binary rating in both assessment settings, so that each

participant had an assignment of either R (reduced) or N

(normal) for both the CSE and VFSS assessment. These

participant groups are henceforth defined as R-CSE (re-

duced on palpation) and N-CSE (normal on palpation) and

R-VFSS (reduced on visual inspection during VFSS) and

N-VFSS (normal on visual inspection during VFSS).

The clinician performing the evaluations varied across

participants. In most cases, the same clinician performed

both exams, though instances in which two different clin-

icians conducted the assessments were also included in the

sample. All clinicians were either certified speech-language

pathologists or speech-language pathology clinical fellows

(i.e., up to 1 year of clinical experience). Clinician raters

were separated into three categories based on number of

years experience, shown in Table 1. These categorical

groupings were made for two reasons. First, separating

clinical fellows who did not yet earn their Certificate of

Clinical Competency and were still in training appeared to

be a logical demarcation. Next, the 10 year cutoff point

was made in an effort to evenly distribute the number of

SLP raters in each category.

HE Measurement Collection

All VFSSs were recorded at 30 frames per second. The

initial puree bolus (Varibar� Pudding barium sulfate paste)

in lateral view was selected for hyoid measurement. Due to

the retrospective nature of this investigation, this bolus was

chosen to ensure comparable bolus volume between sub-

jects (* 5 ml) due to consistent administration of this

consistency via teaspoon. Puree was also the most reliably

administered consistency across swallow studies, given the

varying degrees of dysphagia severity represented in this

sample. Single puree swallows from each participant were

clipped from the VFSS and de-identified for blinded, ran-

domized measurement.

ImageJ open source software [24] was used to measure

HE of all participants. To account for inherent between-

subject variation, quantitative data were collected using an

internal anatomical scalar as described by Molfenter and

Steele such that all hyoid measurements represented a

percentage of the C2–C4 length to control for variation in

participant height (Fig. 1). With this anatomical reference

as the vertical axis, peak hyoid position was measured for

anterior, superior, and hypotenuse hyoid positions [25].

Statistical Analyses

A power calculation using a primary outcome of hyoid

peak position determined a minimum sample size of 76.

Effect size was hypothesized based on the group means and

standard deviations observed in previous studies that

quantified hyolaryngeal movement [26, 27]. Sufficient

statistical power was considered as a 90% probability to

detect the statistical significance in the group difference in

sample testing given that there is a true difference in the

population. Intraclass correlations were used to evaluate

the intra- and interrater reliability of all hyoid measures.

Cohen’s simple kappa coefficient was adopted to measure
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agreement between tactile perception of HE based on

palpation and visual perception of HE based on VFSS.

Independent-sample t tests were applied to assess differ-

ences in peak anterior, superior, and hypotenuse hyoid

positions between patients judged to have complete versus

reduced hyolaryngeal rise to palpation. This analysis was

repeated for HE ratings made during VFSS. Bonferroni

correction was applied to account for multiple compar-

isons, resulting in an alpha level of 0.008.

The exploratory analysis examining the effect of expe-

rience on HE rating was restricted to conditions and hyoid

positions that yielded significant results in the primary

analysis. Given that the number of raters and evaluations

performed in each experience group were unequal, this

question was tested using mixed effects logistic regression

with rater as a random effect.

A Chi-square (v2) test was used to determine whether

agreement between binary perceptual ratings on the CSE

and VFSS was related to consistency of clinician between

the two exams.

Results

Participants

Eighty-seven patient reports were included in the final

analysis (56 males, mean age = 61.4, SD = 19.0). For

males, the mean height was 177.1 cm, SD = 9.2 and mean

BMI was 28.2, SD = 5.6. For females, mean height was

161.5 cm, SD = 8.6, and mean BMI was 29.2, SD = 8.1.

The sample comprised a wide range of patient diagnoses

and reasons for admission. Table 2 lists the inpatient ser-

vice categories represented in the sample.

Reliability

Intraclass correlation coefficient results for intra- and

interrater reliability on all three hyoid measurements is

reported in Table 3. Across all measures, raters achieved

good-to-excellent reliability (ICC[ 0.7) [28].

Agreement Between CSE and VFSS Perceptual
Ratings

Table 4 shows the number of participants in each clinician-

rated group. Out of the 87 patients, 29 were judged to have

normal HE during both the CSE and VFSS and 25 were

judged to have reduced HE during both assessments (i.e.,

agreement in rating between CSE and VFSS). In 16 cases,

HE was thought to be normal upon bedside palpation, but

reduced on VFSS visualization, and 17 patients were

Table 1 Clinician experience

groups
Group Years experience No. raters No. combined CSEs performed

1 1 year or less 7 33

2 1–10 years 5 18

3 10? years 4 36

Fig. 1 Representation of the measurement parameters for measuring

hyoid distance from C4 at the height of the swallow. Reproduced

with permission from Molfenter and Steele [24]

Table 2 Inpatient service category

Service N (%)

Neurology/neurosurgery 26 (29.8)

Hospitalist/general medicine 24 (27.6)

Trauma 12 (13.8)

Other (B 2 per category)a 11 (12.6)

Cardiovascular 8 (9.2)

Oncology 3 (3.4)

Transplant 3 (3.4)

aOther = critical care, orthopedic surgery, otolaryngology, hematol-

ogy, urology, palliative care, advanced pulmonary service, general

surgery
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reported to have reduced HE on palpation but normal

during VFSS (indicating disagreement between ratings).

This resulted in a kappa coefficient of k = 0.62, indicating

moderate agreement between CSE and VFSS perceptual

rating of HE.

Perceptual Ratings from CSE Compared
to Objective Measurements

Descriptive statistics for each clinician-rated group can be

found in Table 5. Independent-sample t tests revealed a

significant difference in anterior position between the

R-CSE and N-CSE groups [t(85) = 3.30, p = 0.001] The

effect size was moderate (r = 0.34). No significant differ-

ences were observed between groups in the superior or

hypotenuse position (Fig. 2).

Perceptual Ratings from VFSS Compared
to Objective Measurements

Independent-sample t tests revealed no significant differ-

ences in objective hyoid position between the R-VFSS and

N-VFSS groups across any hyoid position (anterior, supe-

rior, or hypotenuse) (Fig. 3). There was no difference in

objective peak hyoid position when clinicians rated swal-

lows to be reduced compared to when they rated them to be

normal based on VFSS studies.

Rater Experience

The analysis of the effect of clinician experience on HE

rating was restricted to the only significant group differ-

ence observed: peak anterior position during palpation. A

mixed effects logistic regression with rater as a random

effect revealed that the relationship between objective

hyoid measures and clinician ratings did not vary as a

function of experience group (see Table 1). In terms of

odds ratios, compared to clinicians with the most experi-

ence (Group 3), those with the least amount of experience

(Group 1) were 2.90 times more likely to judge any given

swallow as reduced based on palpation (OR 2.90, 95% CI

1.02–8.22, p = 0.05).

Clinician Rater for CSE and VFSS

As detailed in Table 6, the proportion of paired CSEs and

VFSSs in agreement rated by the same rater (42/

54 = 77.8%) did not differ significantly from those rated by

different raters (23/33 = 69.7%) (Pearson’s v2 = 0.708,

p = 0.4). This finding indicates that clinicians were no

more biased in their ratings of HE during the VFSS if they

had performed the preceding CSE themselves.

Discussion

Perceptual judgment is typically used in clinical settings to

assess adequacy of hyolaryngeal excursion (HE), though

the validity of perceptual techniques for assessing this

physiologic component of swallowing has not been estab-

lished. In this study, binary ratings of HE, made via pal-

pation and videofluoroscopic visualization, were compared

to objective, size-controlled measures of hyoid movement.

As discussed earlier, there is a lack of agreement in the

current literature for what constitutes normal versus

Table 3 Reliability across hyoid measures

Anterior Superior Hypotenuse

Intrarater (ICC) 0.996 0.989 0.990

Interrater (ICC) 0.923 0.950 0.892

ICC intraclass correlation coefficients

Table 4 Distribution of ratings across perceptual categories

N-VFSS R-VFSS Total

N-CSE 29 16 45

R-CSE 17 25 42

Total 46 41 87

N-CSE rated as within normal limits during CSE, R-CSE rated as

reduced at CSE, N-VFSS rated as within normal limits during VFSS,

R-VFSS rated as reduced at VFSS

Table 5 Descriptive statistics of objective measures of HE within each group

Hyoid measures (%C2–C4 distance) N-CSE R-CSE N-VFSS R-VFSS All

Peak anterior M(SD) 110.6 (26.18)* 89.22 (34.1)* 102.2 (30.1) 98.1 (34.2) 100.3 (31.9)

Peak superior M(SD) 154.5 (29.5) 154.4 (23) 156.4 (24.3) 152.3 (28.8) 154.5 (26.4)

Peak hypotenuse M(SD) 192.4 (26.3) 181.4 (23.4) 189.1 (24.4) 184.8 (26.5) 187.1 (25.4)

N-CSE rated as within normal limits during CSE, R-CSE rated as reduced at CSE, N-VFSS rated as within normal limits during VFSS, R-VFSS

rated as reduced at VFSS

*p\ 0.008
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impaired hyoid and laryngeal movement. Much of the

discrepancy in reported norms may be attributed to the high

degree of HE variability known to exist in safe, functional

swallowing. Furthermore, our ability to compare to nor-

mative values is limited by the lack of a comparable ref-

erence in the literature. The vast majority of reported HE

norms are based on swallows of liquid consistencies.

Therefore, it would have been challenging to choose a

value or even a range of values to serve as a benchmark of

normal HE for quantitative comparison. This speaks to the

complexity of swallowing physiology and serves as a

rationale for the design used in this study. We categorized

swallows based on a binary perceptual rating of reduced or

normal (either via palpation or VFSS visualization), and

then compared the swallows in each group based on

measured, size-controlled hyoid biomechanics at the height

of the swallow. Thus, this was an exploration of how and if

clinicians make meaningful distinctions between the

hyolaryngeal movements of a heterogeneous population

using standard-of-care perceptual methods, irrespective to

any external reference of ‘‘normal’’.

Comparing CSE to objective measurements, we found

that peak anterior hyoid position was significantly lower in

patients judged to have reduced HE compared to those

Fig. 2 Comparison of CSE

ratings to peak hyoid measures.

Asterisks represent mean

values; vertical lines represent

standard deviations; *p\ 0.008

Fig. 3 Comparison of VFSS

ratings to peak hyoid measures.

Asterisks represent mean

values; vertical lines represent

standard deviations; p\ 0.008

Table 6 Perceptual agreement between CSE and VFSS by consis-

tency of rater

Same rater (n) Different rater (n) Total (n)

Agreement 42 23 65

No agreement 12 10 22

Total 54 33 87
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judged to have functional HE. There was no significant

difference in measures of peak superior or hypotenuse

hyoid positions between patients judged to have reduced

versus normal HE. These results suggest that palpation by

the clinicians in our sample was sensitive only to differ-

ences in anterior hyoid movement. No significant differ-

ences were observed between the N-VFSS and R-VFSS

groups, indicating that clinicians were not able to visually

judge differences in any plane of hyolaryngeal movement

(anterior, superior, or hypotenuse) during VFSS. These

results are consistent with prior research by Lee and col-

leagues [23], and, taken together with the above findings,

suggest that tactile perception may be more salient than

visual for assessing HE. This is a surprising finding, given

that VFSS is widely considered to be the ‘‘gold standard’’

for assessment of swallow function. Certainly, direct

visualization allows for an understanding of bolus flow and

airway invasion that is not possible otherwise. Yet, the

results of this study would appear to suggest that physical

touch was a more sensitive modality than visual inspection

for assessing HE. However, it is not possible to make any

conclusive statements regarding the comparison of these

two modalities due to limitations related to our retrospec-

tive design, the difference in raters across the two assess-

ments, and lack of operationalization of the terms and

parameters assessed.

One explanation for our findings may lie in the chal-

lenge of perceptually teasing apart different components of

swallowing physiology. Judgment of HE may be largely

influenced by clinicians’ overall impression of swallow

function, such that reduced HE may be ‘‘perceived’’ in a

patient who demonstrates overt signs of airway invasion

compared to one with no clinical signs or symptoms,

despite minimal difference in objective HE between the

two. Because reduced anterior HE has been shown to be

significantly associated with higher risk of penetration-

aspiration [29], the pairing of clinical ratings of ‘‘reduced’’

HE with reductions specifically in anterior movement

might have occurred more frequently. However, this does

not account for the lack of significant findings in VFSS

ratings, which provide much more robust information

about airway invasion.

Our suggestion that increased submental adipose tissue

interferes with tactile perception of HE should also be

considered in light of our results. We did not have infor-

mation regarding neck circumference or other specific

anthropometric measurements. However, the mean BMI of

both males and females in this study was over 25, classified

by the World Health Organization as overweight [30]. It is

possible that the higher BMI of our sample indicated larger

body habitus and, correspondingly, increased submental

tissue that affected palpation ability. Additional research is

needed to explore the correlation between anthropometric

measures and saliency of structural movement during

swallowing.

The exploratory experience analysis was performed to

determine whether clinician experience played a role in

determining whether perceptual judgment of HE adequacy

aligns with quantitative measures of hyoid excursion. We

found no significant interaction between perceptual dif-

ferentiation of objective measures and level of experience,

suggesting that experience level was not a factor in clini-

cians’ palpation sensitivity to greater and lesser magnitude

of anterior hyoid movement. It is possible, however, that

the relatively small number of observations in each group

lacked sufficient power to yield results. Interestingly,

clinicians with the least amount of experience (i.e., clinical

fellows) were almost three times more likely to interpret

HE as reduced when compared to the most experienced

group (those with 10 or more years clinical experience).

While this finding does not imply differences in palpation

sensitivity between these two groups, it may indicate a

tendency of novice clinicians toward more conservative

judgment, potentially in instances where adequacy of HE is

ambiguous.

Measures of HE were compared to values reported by

Molfenter and Steele [31]. Mean maximum XY position

values for men and women across three volumes of thin

liquid (5, 10, and 20 ml) ranged from 147.6% C2–C4 (95%

CI 140.3–154.9) for 5 ml volumes in women to 157.9%

C2–C4 (95% CI 150.6–165.2) for 20 ml volumes in men.

This range was markedly lower than the mean peak

hypotenuse position in males (186.8% C2–C4, SD = 25.3)

or overall (187.1% C2–C4, SD = 25.4) in the current study.

We believe this discrepancy is largely due to differences in

participant age between the current study (mean age =

61.42, SD = 19.03) and Molfenter and Steele (mean

age = 31.5, SD = 5.7). Changes in spinal morphology with

age may affect the C2–C4 distance used to express hyoid

movement. Cervical disk degeneration is present in 95% of

people 65 years and older, and is associated with a loss of

intervertebral disk height [32, 33]. The vertebral body itself

has also been shown to lose height with age, most notably

at the level of C3–C6 [34]. Therefore, absolute HE mag-

nitude may not be necessarily larger in our sample, but is

being expressed relative to a shorter C2–C4 length. Further

research is needed to validate the use of the C2–C4

anatomical scalar in older populations.

For objective measurement of HE, the position of the

hyoid bone was used to represent hyolaryngeal movement

overall. Palmer et al. found strong, positive correlations

between movements of the hyoid and larynx in both the

horizontal (r = 0.69) and vertical (r = 0.63) planes of

movement [35], and Steele et al. found positive correla-

tions (r C 0.5) between hyoid bone and arytenoid move-

ment for the majority of patients [29]. Therefore,
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measurement of hyoid bone movement was believed to be

an adequate proxy for movement of the entire hyolaryngeal

complex.

As previously noted, some patients had the same clini-

cian perform the CSE and VFSS, and some were seen by a

different clinician for each assessment. In either case,

clinicians performing the VFSS were not blinded to the

results of the CSE. Despite the lack of blinding and the

majority (54/87 = 62%) being rated by the same clinician

within a 24-h period, agreement between the two assess-

ments was only moderate. In the acute care setting, the

possibility of rapid changes in swallow function cannot be

excluded. It is also likely that the inherent differences

between visual and tactile information used to make

judgments about HE contributed to the rating disagreement

observed.

Additional limitations to those mentioned above are

inherent to the reduced control over variables in this ret-

rospective design. Quantitative peak hyoid measurements

that were used for comparison to clinician ratings were

collected on a single puree bolus per participant. While this

was deemed necessary to control for bolus volume and

viscosity, additional stimuli of varying viscosities and

volumes may have yielded more robust results, and would

have been more representative of trials administered during

the CSE. Another limitation was that judgment of normal

on the CSE had to be indirectly assumed. When ‘‘reduced

hyolaryngeal rise’’ was left unchecked on the CSE flow-

sheet with no additional comments on HE in the report, it

was assumed that the clinician did not suspect impaired

HE. There was also an unequal distribution of raters in

each experience category for the exploratory analysis, and

an unequal distribution of the number of assessments per-

formed within each category. Finally, we lacked rater

training or a standard definition for what constituted ‘‘re-

duced’’ versus ‘‘functional’’ HE. Ratings were made via

clinical decision-making based on past experience and

training. This was believed to increase the ecological

validity of the study, as nonstandard perceptual assessment

and rating methods are common in clinical practice [19].

However, alternative scoring methods that use more stan-

dardized criteria for rating HE can be used in clinical

settings. As mentioned, the MASA employs a four-point

scale for HE adequacy during the CSE [20], and the

MBSImP components 8 and 9 assess laryngeal and hyoid

movement, respectively, during VFSS [36]. The use of

standard definitions of HE movement and training clinician

raters may have yielded different results. Given that all

VFSS studies were recorded and available, it would have

been possible to have HE re-assessed by a trained rater

using standardized methods. The comparison of these rat-

ings to those made in real time may prove to be an inter-

esting additional analysis in the future.

Overall, the findings of this investigation demonstrated

no clear differentiation of quantitative measures of HE

based on perceptual evaluation. Clinicians may choose to

use palpation to gain information such as presence or

absence of a swallow and the number of swallows per

bolus, and certainly, visual review of VFSS should con-

sider the relative movement of all structures during the

swallow. Nevertheless, although additional, prospective

research is needed, this study suggests that awareness of

the potential limitations of subjective judgment for

detecting HE pathology should be reflected in how clinical

findings are interpreted and documented, and in the extent

to which this specific component of the swallow evaluation

influences clinical impressions, recommendations, and

treatment plans. While keeping in mind that hyolaryngeal

movement is only one piece of the diagnostic puzzle, it is

possible that factors beyond peak excursion, such as

velocity and duration of movement, may factor into clinical

perception of pathology. These factors and others should be

explored in future research.

Conclusion

We conducted this study to better understand the role of

perceptual methods in clinically evaluating HE. Overall,

clinician perception of reduced and normal HE was mini-

mally associated with actual hyoid movement; however,

findings from this study indicated increased sensitivity of

palpation over VFSS visualization for assessing adequacy

of HE. There was no effect of clinical experience on pal-

pation sensitivity. Perceptual assessment techniques will

likely continue to factor heavily in the evaluation of

swallowing, particularly in settings where other assessment

tools are not available or feasible. However, the results of

this study suggest that clinicians should remain guarded

when making clinical judgments about adequacy of

hyolaryngeal movement.
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