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Abstract

Background: Although reductions in lingual strength are reported in individuals with
amyotrophic lateral sclerosis (ALS) that are associated with dysphagia; determination of a
functional lingual pressure threshold (FLPT) has not yet been established. The present study
therefore sought to identify an FLPT for impaired swallowing safety and efficiency in individuals
with ALS.

Methods: Thirty individuals with ALS completed a standardized videofluoroscopic swallowing
examination and maximum anterior isometric lingual pressure testing using the lowa Oral
Performance Instrument. Duplicate, blinded ratings of the validated Penetration-Aspiration Scale
(PAS) and Analysis of Swallowing Physiology: Events, Kinematics and Timing (ASPEKT) were
performed. Binary classifications of safety (unsafe: PAS: > 3) and efficiency (inefficient: > 3%
worst total pharyngeal residue) were derived. Descriptives and receiver operating characteristic
curve analyses (AUC, sensitivity, specificity) were performed.

Results: Unsafe and inefficient swallowing were instrumentally confirmed in 57% and 70%

of ALS patients respectively. Across the entire cohort, the mean maximum lingual physiologic
capacity was 32.1 kilopascals (‘kPa’; SD: 18.1kPa). The identified FLPT for radiographically
confirmed unsafe swallowing was 43kPa (sensitivity: 94%, specificity: 62%, AUC 0.82, p=0.003).
FLPT for inefficient swallowing was 46kPa (sensitivity: 86%, specificity: 56%, AUC=0.77,
p=0.02).

Conclusions: These data provide preliminary FLPT data in a small cohort of individuals with
ALS that need to be further investigated in larger cohorts to inform clinical screening practices.
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Introduction

Regulation of nutritional homeostasis relies on intact swallowing function for adequate
nutrition and hydration via safe and efficient consumption of food and liquids [1,2].
Individuals with amyotrophic lateral sclerosis (ALS) demonstrate swallowing impairments
(dysphagia) and dysregulated nutritional homeostasis. In ALS, dysphagia is characterized by
progressive impairments in swallowing safety (airway invasion) and efficiency (pharyngeal
residue) due to motor neuron degeneration impacting upper aerodigestive tract musculature.
Among these, the tongue is observed to be preferentially affected [3,4] with relatively early
morphological changes noted in this muscular hydrostat and reduced lingual force capacity
noted in individuals with ALS that is associated with dysphagia (Robison, submitted).

Similar to other systems involved in the bodily homeostatic regulation of vital functions, the
tongue has an inherent functional reserve representing its’ pressure generation capacity for
speech and swallowing [5]. Functional reserves are found in cells, tissues, and organs and
represent the difference between a structure’s maximum capacity and the amount needed
for typical function [6]. Although functional reserves are not utilized during basal function,
they are utilized when the body encounters unexpected stressors to maintain homeostasis of
internal physiologic functions (e.g., blood glucose concentration and core body temperature)
[7]. Homeostenosis refers to a diminishing or narrowing of functional reserves that occurs
with aging and disease [8]. Reductions in functional reserve result from physiological
changes that accompany aging and diseases such as sarcopenia, replacement of muscle with
fatty tissue, and physical deconditioning [9,10]. Although homeostenosis is not necessarily
pathologic within and of itself [11] as functional reserves are lost, the individual is brought
closer to a “precipice’ (threshold) that once reached, disability and functional limitations
become apparent [6,12].

These functional thresholds are documented across most physiologic systems and suggest
once functional reserve is depleted by 30% functional limitations ensue, with complete
function failure noted once a 70% depletion occurs [12,13]. Few studies have examined
functional lingual pressure depletion thresholds for dysphagia. Steele [14] previously
identified that a lingual pressure threshold of 40 kilopascals (kPa) was associated with an
increased aspiration risk. Clark and colleagues [15] examined tongue strength in relation
to oral phase swallowing impairments and suggested a cutoff of 20kPa might differentiate
between those with and without oral phase swallowing impairments. Recently, Printza and
colleagues [16] found in a cohort of 25 patients with ALS that a maximum anterior isometric
lingual pressure of <22kPa discriminated aspirators versus non-aspirators. Importantly,
the limited work that has been done in this area thus far has been primarily focused

on identifying aspiration. Previously, Waito [17] highlighted that the ALS literature is
overwhelmingly geared towards identifying safety versus efficiency impairments. This is
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concerning given our recent findings [18] that efficiency impairments were more prevalent
than safety impairments in a large cohort of patients with ALS. Collectively, these data
suggest in this patient population, lingual thresholds to identify impairments in both safety
and efficiency may be clinically relevant. Such knowledge would aide our understanding

of the emergence and progression of functional swallowing impairment profiles in ALS

and inform potential clinical markers to indicate potential risk, guide assessment pathways,
and inform subsequent clinical decision making. Motivated by these factors, we aimed to
identify functional maximum lingual pressure thresholds (FLPT) associated with unsafe and
inefficient swallowing in individuals with ALS. Given that generation of adequate lingual
pressure behind the bolus is important to propel the bolus efficiently, we hypothesized that
a higher FLPT (i.e. milder pressure reduction) would be identified for inefficient swallowing
as compared to the FLPT for unsafe swallowing.

Thirty individuals were recruited from an academic outpatient neurology clinic as part

of an ongoing natural history study. Inclusion criteria were: 1) confirmed diagnosis of
probable or definite ALS (El-Escorial criteria revisited [19]) by a neuromuscular neurology
specialist; 2) still consuming some form of oral intake (not feeding tube dependent); 3)

no allergies to barium; 4) no history of stroke, head, and neck cancer, or other conditions
impacting swallowing; and 5) not pregnant. As part of the longitudinal natural history study,
participants attended serial research evaluations in our laboratory at regular three-month
intervals. Thirty consecutive patients who attended their serial research evaluation during
July 2019 to January 2020 were included in the current analysis. This study was approved by
the University Institutional Review Board and conducted in accordance with the Declaration
of Helsinki. Each participant provided written informed consent upon enrollment.

Procedures:

Lingual Physiologic Capacity

The lingual pressure experimental setup is fully described in the first author’s dissertation
[20]. Briefly, lingual physiologic capacity (LPC; maximum tongue strength) for each
participant was assessed using a handheld lingual manometer, the lowa Oral Performance
Instrument (10OPI version 2.3; Woodinville, WA). The 10PI device was connected to a
16/35 PowerLab (ADInstruments, Colorado Springs, CO) to enable real-time visualization
and recording in LabChart 8 software (ADInstruments, Colorado Springs, CO). During
data acquisition, the IOPI was placed into “peak” mode for all trials and a clean and
individually wrapped 10PI tongue bulb was connected to the IOPI device via the “pressure
in” connector located at the bottom of the device. The air-filled tongue bulb was then
placed in the participant’s mouth on the alveolar ridge immediately behind the front teeth.
The participants were instructed to press against the bulb as hard as possible using the
front part of their tongue. As they pressed their tongue against the bulb, a corresponding
lingual pressure pattern was generated within the LabChart software. The computer screen
was placed out of view of the participants to prevent them from potentially modulating

Dysphagia. Author manuscript; available in PMC 2024 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Robison et al.

Page 4

their pressure patterns. Three trials of LPC were performed by each participant with

a one-minute rest period between each trial. The lingual waveforms were saved in the
LabChart program for subsequent data extraction and analysis. To limit a potential ‘order
effect’, in our protocol lingual testing was consistently performed prior to performing the
videofluoroscopic swallowing examination.

Videofluoroscopic Swallowing Examination: Procedures and analyses in the present
study were conducted using previously detailed methodology from our laboratory [18]. A
standardized videofluoroscopic swallowing evaluation (VF) assessed swallowing function
of each participant. Participants were seated comfortably in the upright position in a
TransMotion Medical TMM3 Videofluoroscopy Swallow Study Treatment Chair (Ocala,
FL). A TIMS Dicom system (Version 3.2, TIMS Medical, TM, Chelmsford, MA) recorded
high-resolution images continuously at a rate of 30 frames per second. Images were captured
in the lateral plane using a properly collimated Phillips BV Endura System fluoroscopic
C-arm unit (GE OEC 8800 Digital Mobile C-Arm System). The TIMS system automatically
spliced each bolus trial into individual clips that were used in subsequent data analysis.

A standardized bolus presentation was used consisting of Varibar® barium sulfate trials
(Bracco Imaging, Monroe Township, NJ) and included: three 5-mL thin liquid trials from

a 30-mL medicine cup (40% wi/v ratio); a comfortable cup sip of 90-mL of thin liquid

from a cup (Solo Clear Graduated Medicine Cups, Lake Forest, IL); consecutive cup sip
challenge of remaining thin liquid; three 5-mL thin honey liquid from a tablespoon; two
tablespoons of pudding; ¥ graham cracker (Honey Maid, Mondelez Global LLC, East
Hanover, NJ) with pudding; and a 13mm E-Z-Disk™ barium tablet. Except the sequential
swallow trial, participants were instructed to hold the bolus in their mouth and then cued

to swallow. Participants self-administered each bolus trial, however, were assisted by the
research clinician in the event they were unable to self-administer. A bailout criterion was
used during the VF to maintain patient safety. Under the criterion, following the second
instance of aspiration, the participant would move to the next thickest consistency. The

VF was terminated if the third occurrence of aspiration occurred, or if pharyngeal residue
totaling >75% accumulated in the valleculae or pyriform sinuses that could not be cleared.

Analyses and Outcomes of Interest:

Maximum Lingual Pressure: The lingual pressure waveforms recorded in LabChart
were subsequently extracted and analyzed using a custom MATrix LABoratory (MATLAB
Version R2019a, Mathworks, Natick, Massachusetts, USA) program. Given that our interest
was in identifying a maximum lingual pressure threshold for swallowing impairments; the
highest LPC value recorded across the three trials for each participant was recorded and used
in subsequent data analysis.

Videofluoroscopic Swallowing Examination Outcomes: Two independent raters
completed videofluoroscopic analyses for each participant post-hoc. Before completing
analyses, raters completed a standardized training program that included reliability training
of a benchmark set of previously-double-rated rated films of patients with ALS. Raters were
required to obtain competencies of at least 90% accuracy to proceed with the analysis of the
current dataset.
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For the current videofluoroscopic analyses, bolus trials were blinded and presented in a
randomized order consisting of one bolus per clip. One hundred percent agreement was
required for duplicate ratings and a discrepancy meeting that included four expert raters was
held to gain a final consensus.

Swallowing Safety: The validated Penetration-Aspiration Scale (PAS) [21] was used

to analyze swallowing safety. The PAS is an eight-point ordinal scale that objectively
describes the depth of any airway invasion during a swallow and the patient’s response

to any material entering above or below the airway. Scores on the PAS range from 1
indicating no airway invasion to a score of 8 which indicates the patient had no response

to aspiration (“silent aspiration’). Every swallow for each bolus trial was assigned PAS
scores by two independent, blinded raters. The worst PAS score obtained across all trials
and consistencies excluding the consecutive cup sips was used in subsequent statistical
analyses. Based on the worst PAS score, binary swallowing safety classifications were also
derived and were defined as Safe (PAS: < 2) and Unsafe (PAS: = 3)[18,22-24]. These binary
safety classifications were chosen due to the accelerated course of ALS disease progression
combined with previous findings of impaired laryngeal vestibule closure (LVVC) timing and
kinematics previously identified in this patient population. Specifically, ALS is known to be
rapidly progressing with a median survival time of 40.2 months in younger adults (<65.2
years) and 20.5 months in older adults (>65.2 years)[25]. Therefore, it is important that any
potentially meaningful changes in swallow function (such as penetration) be identified early
S0 appropriate monitoring and management can be initiated. Further, previous research in
patients with ALS has found reduced pharyngeal constriction [26], increased time-to-LVC
[27], a high proportion of swallows with incomplete or partial LVC [27], and comprised
airway protection due premature closure of the upper esophageal sphincter prior to the
descent of the laryngeal muscles [28]. The nature of these impairments may have potential
implications for entry of unwanted material into the vestibule during swallowing which may
lead to penetration and/or aspiration.

Swallowing Efficiency: Post-swallow residue in the valleculae, pyriform sinuses, and
extra pharyngeal spaces were analyzed on the first and last swallow of the 5-mL thin
(trials 1 and 2), cup sip, and 5-mL thin honey boluses (trials 1 and 2)for a total of ten
swallows per participant analyzed. Swallows were analyzedusing the residue subcomponent
of the Analysis of Swallowing Physiology: Events, Kinematics and Timing (ASPEKT
[29]) method. Detailed methodology about residue ratings can be found in a previous
investigation by our group [18] and also in the Appendix of the original publication by
Steeleand colleagues which described the ASPEKT method in full detail and established
reference values for thin to extremely thick liquids in healthy adults [29]. Worst residue
in the valleculae, pyriform sinuses, and extra pharyngeal spaces was determined across
boluses. Subsequently, a worst total percent pharyngeal residue was determined for each
participant and represented the sum of worst residues across the three pharyngeal sites.
Binary efficiency classifications were then determined. Efficient swallowing was defined
as: worst total pharyngeal residue <3%. /nefficient swallowing was defined as: worst total
pharyngeal residue = 3%. This threshold was chosen based on recent findings that 3%
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represents the upper limit (2 standard deviations) of residue in normative healthy reference
data [30].

Statistical Analysis

Results

Descriptives were performed on participant demographics, lingual pressure, and
videofluoroscopic evaluation data. FLPT thresholds for swallowing safety and efficiency
impairments were determined using sensitivity, specificity, and receiver operating
characteristic (ROC) curve analyses. Inter-rater reliability safety and efficiency ratings

were determined using Cohen’s kappa and two-way mixed intraclass coefficients (ICCs),
respectively. Levels of agreement for safety and efficiency reliability ratings were reported
using published guidelines [31,32]. Statistical analysis was performed using SPSS statistical
package for Windows (Version 26, IBM, Armonk, NY).

Participant demographics are summarized in Table 1. Reliability outcomes indicated that
there was substantial agreement between raters for PAS ratings (x = 0.64; 70% agreement)
and excellent inter-rater reliability for ASPEKT efficiency ratings (ICC: 0.89; 95% CI: 0.80-
0.94).

The mean LPC for the entire cohort and between sex, swallowing safety, and swallowing
efficiency groups is provided in Table 2. Swallowing safety and efficiency profiles are
presented in Figure 1 and confirm inefficient swallowing in 70% (n=21) and unsafe
swallowing in 56.7% (n = 17) of participants. ROC curves and FLPT data are presented
in Table 3 and Figure 2, respectively. The FLPT that optimized sensitivity and specificity
for detection of unsafe swallowing was <43kPa. This threshold demonstrated a sensitivity
of 94%, a specificity of 61.5%, and an AUC of 0.824, p=0.003. The FLPT threshold that
optimized sensitivity and specificity for detection of inefficient swallowing was <46kPa
which demonstrated a sensitivity of 85.7%, a specificity of 55.6%, and an AUC of 0.77,
p=0.02. Individual LPC values across safety and efficiency groups relative to the identified
FLPTs are detailed in Figure 3.

Discussion

In the current investigation, the functional threshold identified to differentiate between safe
and unsafe swallowers was 43kPa; with 94% of penetrators and aspirators demonstrating

an LPC equal to or less than this value (sensitivity) and 61.5% of safe swallowers
demonstrating an LPC above this threshold (specificity). The obtained AUC value indicated
that there is an 82% chance this reference criterion can accurately distinguish between
positive (those with safety impairments) and negative (those without safety impairments)
classes.. The functional lingual pressure threshold for swallowing efficiency was 46kPa;
with 85.7% of inefficient swallowers demonstrating an LPC equal to or less than this value
(sensitivity) and 55.6% of efficient swallowers demonstrating an LPC above this threshold
(specificity). The obtained AUC value indicated that there is a 77% chance that the identified
reference criterion would correctly differentiate between positive (those with efficiency
impairments) and negative (those without efficiency impairments) classes.
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In typical aging and across most physiological systems, a 30% loss of physiologic capacity
is noted to limit normal function and a 70% decline resulting in system failure [12]. In
healthy older adults (> 60 years), the established expected or average LPC is ~57kPa [33].
Compared to this normative reference value, ALS participants in this study demonstrated an
average LPC reduction in LPC of 25kPa or ~44%. These LPC data confirm previous reports
of significantly reduced LPC in ALS [34-37].

Our hypothesis that swallowing efficiency impairments would be associated with a smaller
reduction in lingual pressure generation capacity than safety impairments was somewhat
confirmed by our data (i.e., higher FLPT), albeit by only 3kPa. These findings may relate
to the physiological role the tongue typically plays in facilitating swallowing efficiency
versus swallowing safety. Indeed, to ensure swallowing efficiency, the tongue is involved
in bolus manipulation, transit, and propulsion during the oral preparatory and oral phases
of the swallow [38]. Conversely, the tongue’s role in facilitating swallowing safety is

less prominent and limited to the base of tongue retraction to help facilitate epiglottic
inversion to seal off the laryngeal vestibule closure during swallowing [39]. In patients
with ALS, it has been found that the tongue exhibits early and extensive physiologic
impairment across both bulbar and spinal onset types [3,4,40] which likely contributes to
the reduced tongue pressures, impaired bolus manipulation and transit, and early occurrence
of oral residue noted in this patient population [36,41,42]. Thus, the current findings that
milder lingual pressure reductions were associated with inefficient swallowing reflects the
underlying bulbar pathology in ALS, wherein early and targeted changes to the tongue
and its pressure generation capacity decrease the ability of ALS individuals to efficiently
manipulate, transport, and propel ingested food and liquids.

Notably, the identified FLPT for swallowing safety is relatively similar to the functional
threshold of 40kPa previously identified as a risk for aspiration in healthy older adults
[14,43]. Printza and colleagues [16] recently examined maximum lingual pressure values in
25 individuals with ALS and reported that 22kPa discriminated instrumentally confirmed
aspirators versus non-aspirators (sensitivity: 89.5%, specificity: 80.0%). Given that the
focus of our investigation was to identify the FLPT for unsafe swallowing (including

both penetrators and apirators), findings are not directly comparable. Factoring in these
methodologic considerations, however, the higher safety FLPT derived in our study appears
reasonable. An examination of mean LPC across unsafe swallowing categories within the
current dataset indeed indicates that LPC is lower in aspirators (M: 17kPa; SD: 12.1kPa)
versus penetrators (M: 30kPa; SD: 18.5kPa). These preliminary data suggest that as lingual
pressure capacity progressively decreases in ALS, the degree of airway invasion during
swallowing may increase.

While the FLPT for swallowing efficiency in the current cohort was higher than the

FLPT for swallowing safety; their difference was minimal. This finding suggests lingual
physiologic reserve homeostenosis (reduction) secondary to a decline in lingual pressure
generation has important implications for both swallowing safety and efficiency. The extant
literature examining associations between lingual pressure and both aspects of swallowing
function in ALS is limited. A study by Pizzorni and colleagues found that decreased lingual
pressure in individuals with ALS was associated with impairments in swallowing efficiency,
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however, not with impairments in swallowing safety [37]. Differences in methodologies
used in the prior investigation (use of fiberoptic endoscopic evaluation of swallowing

versus videofluoroscopy and differences in boluses administered and analyzed) and the
current study may account for these contrasting findings. A recent investigation by our
group (Robison, submitted) found in a larger cohort of 97 patients found that lower LPC
was associated with significantly higher (worse) PAS scores and increased residue in the
valleculae, pyriform sinuses, and extra pharyngeal spaces. Further, individuals classified

as unsafe (aspirators and penetrators) and inefficient had significantly lower LPC than

safe and efficient swallowers, respectively (Robison, submitted). Collectively, these findings
contribute and expand upon the existing literature and suggest reductions to lingual function
are an important consideration for maintenance of both aspects of swallowing in ALS.

Although findings from this study are preliminary, they hold potential clinical relevance to
be further explored in larger scaled studies. Although instrumental swallowing evaluations
(ISE) are considered the “gold standard” for assessing swallowing function [44], a recent
national survey of multi-disciplinary ALS clinics revealed that only 55% perform routine
clinical swallowing examinations and only 27% perform direct imaging of swallowing [45].
LPC is a quick, easy, and objective metric that can be obtained in real-time (under five
minutes). Thus, lingual pressure testing could be considered by clinicians to incorporate
into their visits when working in busy multidisciplinary clinics to objectively determine
underlying lingual physiologic capacity to swallow safely and efficiently. In addition to
other clinical signs, lingual pressure testing might also help with clinical decision-making
to determine the timing for direct imaging of swallowing to optimize referral workflows
and optimize resource utilization. For instance, if an individual has not yet reached the
critical threshold identified for inefficient swallowing (46kPa), then a clinician might not
yet recommend an ISE. On the other hand, if an individual has a reduced LPC near or
below the safety FLPT (43kPa), a clinician might advocate for an ISE referral. Still, the
optimal FLPTs identified in the current data set had relatively low AUCs highlighting the
limitations of lingual pressure as a metric to identify safety and efficiency impairments.
Namely that lingual pressure represents only one facet of swallowing function, therefore,
it will be important for clinicians to consider LPC in the context of other bulbar
sensorimotor assessment metrics and overall functioning (respiratory status, comorbid
conditions, mobility etc) to inform their clinical decision-making.

There are limitations to the present study that must be acknowledged. First, while this study
provided a preliminary foundation for understanding functional relationships with lingual
pressure physiologic capacity in ALS, the number of participants was only 30. To improve
the generalizability of these findings, validation in a larger cohort of ALS participants is
warranted. Further, the cross-sectional nature of our data collection does not necessarily
pinpoint the emergence or exact time point where an IMPAIRMENT appears over time.

A longitudinal observational study is needed to answer these questions and is currently
underway to evaluate FLPT at the early, middle, and late stages of the disease in a larger
sample of patients with ALS.

In conclusion, lingual pressure generation capacity appears to contribute to both swallowing
safety and efficiency, with relatively similar functional depletion thresholds observed in this
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cohort of ALS patients. Future longitudinal work in larger cohorts of patients is needed
to elucidate the relative role and importance of FLPT on functional aspects of deglutition
across the ALS disease course.
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Profiles of swallowing safety (A) and efficiency (C) in this cohort of 30 individuals

with amyotrophic lateral sclerosis (ALS). Swallowing safety classifications were derived
using the validated Penetration-Aspiration Scale ‘PAS’ [21] (Safe: <2; Penetrators: 3—

5; Aspirators: 6-8). Swallowing efficiency profiles were determined using the residue
subcomponent of the Analysis of Swallowing Physiology: Events, Kinematics, Timing
method [29] (Efficient: worst total residue <3%; Inefficient: worst total residue >3%).
The frequency of PAS scores and worst residue percent ranges across participants are also

depicted in Figure 3B and Figure 3D, respectively.
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Receiver operating characteristic curve’s for functional lingual pressure thresholds (FLPT)
to detect impairments in swallowing efficiency (A) and swallowing safety (B). A FLPT

of <46kPa optimized sensitivity (86%) and specificity (56%) for detection of inefficient
swallowing and correctly classified efficiency status in 77% of cases (AUC=0.77, p=0.02).
A LPT of <43kPa optimized sensitivity (94%) and specificity (61%) for identification of
unsafe swallowing and correctly classified swallowing safety status in 82% of cases (AUC

0.82, p=0.003).
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Fig. 3.

In?jividual lingual physiologic capacities (LPC; kilopascals (kPa)) across safety (3A)

and efficiency groups (3B). Swallowing safety classifications were determined using the
validated Penetration-Aspiration Scale ‘PAS’ [21] scale (Safe: <2; Unsafe: 3-8). Swallowing
efficiency profiles were determined using the Analysis of Swallowing Physiology: Events,
Kinematics, Timing methodology [29] (Efficient: worst total residue <3%; Inefficient: worst
total residue >3%). Within the safety group, 38.5% (n=>5) of safe swallowers demonstrated
an LPC below the identified functional lingual pressure threshold (FLPT) of <43kPa. Within
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the efficiency group, 44.4% (n=4) of participants with efficient swallowing had an LPC
below the FLPT of <46kPa.
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Table 1.

Summary of study cohort demographic data (N=30).

Demographic Variable:

Mean (SD) Minimum  Maximum

Age (years)
Disease Duration (months)
ALSFRS-R Total Score
ALSFRS-R Bulbar Score

Sex

Onset Type

63.5 (9.4) 36 81
43.6 (29.3) 8 123
32.5(9.9) 10 45
8.13 (3.1) 3 12
50% Male

50% Female

53.3% Spinal
46.7% Bulbar

Note: ALSFRS-R — Amyotrophic Lateral Scale Functional Rating Scale-Revised [46].
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Page 17

Summary of mean (standard deviation; SD) lingual physiologic capacity (LPC) across the entire cohort and

between sex, swallowing safety, and efficiency groups. LPC data are provided in kilopascals (kPa).

QOutcome Mean LPC  SD
(kPa)
LPC and Cohort Demographics:
Entire Cohort (n=30) 321 18.1
Male (n=15) 35.1 16.4
Female (n=15) 29.1 19.8
LPC and Swallowing Safety:
Safe Swallowers (n=13) 44.1 13.3
Unsafe Swallowers (n=17) 229 15.9
LPC and Swallowing Efficiency:
Efficient Swallowers (n=9) 44.2 13.1
Inefficient Swallowers (n=21) 26.9 17.7
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Table 3.

Summary of receiver operator characteristic curve results for lingual physiologic capacity and derived
functional lingual pressure thresholds associated with unsafe and inefficient swallowing in this cohort of 30
individuals with amyotrophic lateral sclerosis.

Swallowing Impairment  FLPT:  Area Under the Curve  Sensitivity ~ Specificity (%6)

(95% C.1.) (%)
0.82
Unsafe Swallowing <43kPa (0.70, 0.98) 94% 61.5%
0.77
Inefficient Swallowing <46kPa (0.60, 0.94) 85.7% 55.6%

Note: FLPT: Functional lingual pressure threshold. Unsafe swallowing: =3 worst Penetration-Aspiration Scale [21] score. Inefficient swallowing:
23% C2-C42 worst total pharyngeal residue. [29, 30]
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