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Abstract The 8-point Penetration-Aspiration Scale (PAS)

was introduced to the field of dysphagia in 1996 and has

become the standard method used by both clinicians and

researchers to describe and measure the severity of airway

invasion during swallowing. In this article, we review the

properties of the scale and explore what has been learned

over 20 years of use regarding the construct validity,

ordinality, intervality, score distribution, and sensitivity of

the PAS to change. We propose that a categorical revision

of the PAS into four levels of increasing physiological

severity would be appropriate. The article concludes with a

discussion of common errors made in the statistical anal-

ysis of the PAS, proposing that frequency distributions and

ordinal logistic regression approaches are most appropriate

given the properties of the scale. A hypothetical dataset is

included to illustrate both the problems and strengths of

different statistical approaches.

Keywords Deglutition � Deglutition disorders � Dysphagia �
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Introduction

In 1996, Rosenbek and colleagues published a now seminal

article introducing the 8-point Penetration-Aspiration Scale

(PAS) [1]. This scale was developed to characterize the

severity of airway invasion events viewed during vide-

ofluoroscopy, capturing the location to which material is

observed to travel and then qualifying that information

based on whether material remains there at the end of the

swallow or has been ejected to safer (anatomically higher)

locations. The scale has become widely used as an industry

standard for the interpretation of videofluoroscopy and has

also been adapted for interpreting the fiberoptic endoscopic

examination of swallowing (FEES) [2–5]. In recognition of

the fact that 20 years have passed since of the introduction

of this scale, we present this article reflecting on both the

clinical and statistical uses of the scale. An example data set

is included for tutorial purposes in the discussion of statis-

tical analysis of the PAS. Although we have done our best to

provide balanced comments, readers should be aware that

the comments in this article reflect the opinions of the

authors, and others may have differing points of view. In

this respect, we hope to stimulate discussion and debate.

Purpose of the Penetration-Aspiration Scale (PAS)

In the words of the original scale developers, the PAS was

designed with the primary purpose of describing and pro-

viding ameans of quantifying the severity of penetration and

aspiration events. The scale was also described to be ‘‘a

potentially powerful outcome measure for clinical trials

designed to investigate the efficacy of various swallowing

treatments… [and possibly] equally useful to the clinician

interested in demonstrating a functional change in the
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individual patient.’’ [1] p. 97. However, the authors signaled

caution about the statistical characteristics of the scale and

how these might need to be handled in research applications.

In particular, the authors acknowledged that further exper-

iments would be needed to confirm whether the PAS had

ordinal and interval qualities [6]. An ordinal scale is one for

which each increasing score on the scale is understood to

represent greater severity than the previous level. An inter-

val scale is one in which the data lie along a continuum and

the spacing between adjacent levels is considered to be equal

[7]. Many studies of dysphagia severity and treatment out-

come have treated the PAS as ordinal or even interval, and

have used parametric statistics such as ANOVA to compare

measures of central tendency across groups or difference

scores either across groups or within groups over time (e.g.,

[8–14]). In other studies, the scale has been reduced to a

binary variable or treated as categorical (e.g., [15–22]). In

this article, we review issues of construct validity, ordinality,

score distribution, scale reduction, and sensitivity to change.

We also discuss issues related to the protocols and instru-

ments that are used to collect data regarding penetration and

aspiration and how constraints inherent to these measure-

ment methods may impact the validity of PAS scores.

Construct Validity

Penetration and aspiration are understood to be serious

events for people with dysphagia, and are widely consid-

ered to represent a risk for respiratory sequelae such as

pneumonia [23, 24]. The ability to grade the relative

severity of an airway invasion event during swallowing

assessment holds great clinical value and is also important

in research. There are, of course, a variety of ways in which

this challenge can be approached. The PAS primarily

adopts the approach of capturing the anatomical depth to

which material travels: a score of 1 reflects no entry of

material into the airway, scores of 2–5 reflect penetration

of material past the laryngeal additus into the supraglottic

space and traveling as far as the true vocal folds, while

scores of 6–8 reflect tracheal aspiration of material below

the true vocal folds (see Table 1). A retrospective case

series reported by Pikus and colleagues lends credence to

the idea that divisions of airway invasion by depth (i.e.,

PAS level 1 vs levels 2–5, levels 6–7 and level 8) are

associated with relative risk for pneumonia [23]. However,

other studies suggest that the relationship is not that

straight forward [25]. It is well accepted in clinical circles

that not every patient with tracheobronchial aspiration

(whether sensate or silent) will progress to developing

pneumonia [24, 26]. Factors that are widely thought to be

relevant for pneumonia pathogenesis or other adverse

consequences include: whether the aspirated material is

expelled effectively from the larynx [23] or cleared over

the next few hours [27]; the volume of material aspirated

[28]; the bacterial and chemical composition of the mate-

rial aspirated [29–31]; and the general health status and

immune response of the patient, including factors such as

advanced age, oral health, dependence for oral care and

feeding, use of multiple medications, ambulatory versus

bed-bound status, and use of tube feeding [25, 26, 32–35].

To their credit, the authors of the PAS acknowledged in

the original manuscript that the scale deals only with the

depth of airway invasion and the associated phenomenon

of ‘‘ejection,’’ namely whether or not the material or is

cleared via biomechanical or volitional mechanisms to

safer locations (i.e., from below the true vocal folds to the

supraglottic space, or from the supraglottic space into the

pharynx). No claims were made regarding the estimation of

aspirant volume, nor does the scale capture the timing of

airway invasion relative to the onset or completion of the

swallow. Consequently, labeling airway invasion events

using the 8-points on the PAS does not discriminate

between different mechanisms responsible for aspiration

such as premature escape of material from the mouth into

the pharynx, delayed laryngeal vestibule closure, or the

spillover of residue into the larynx after the swallow.

Physiological Interpretations of the PAS

In our opinion, rating the severity of penetration and

aspiration according to the depth of airway invasion not

only allows for detailed description but also allows the

Table 1 8-point Penetration-Aspiration Scale, developed by Rosenbek and colleagues (1996) [72]

1. Material does not enter the airway

2. Material enters the airway, remains above the vocal folds, and is ejected from the airway

3. Material enters the airway, remains above the vocal folds, and is not ejected from the airway

4. Material enters the airway, contacts the vocal folds, and is ejected from the airway

5. Material enters the airway, contacts the vocal folds, and is not ejected from the airway

6. Material enters the airway, passes below the vocal folds, and is ejected into the larynx or out of the airway

7. Material enters the airway, passes below the vocal folds, and is not ejected from the trachea despite effort

8. Material enters the airway, passes below the vocal folds, and no effort is made to eject
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clinician to draw inferences regarding the sensory and

motor integrity of different regions of the pharynx and

larynx. Such inferences should never be made on the basis

of a single bolus, or even a single volume or consistency.

Rather, an astute clinician should be watching for patterns

and considering what the pattern of presentation suggests

about the integrity of both the sensory and motor compo-

nents of swallowing function. Videofluoroscopy observa-

tions should, of course, also be interpreted in conjunction

with other information gained about the patient in the

course of the preceding clinical examinations. And, infer-

ences regarding either sensory or motor integrity may need

additional investigations for confirmation. The following

paragraphs synthesize physiological knowledge that may

be useful to consider when thinking about different PAS

scores.

In healthy swallowing, structural movements leading to

closure of the laryngeal vestibule are expected to begin

prior to the bolus reaching the entry to the airway [36–38].

It is therefore considered abnormal for a bolus to enter the

laryngeal vestibule prior to, or during the swallow. The

only exception to this statement occurs in the case of a PAS

score of 2 (sometimes referred to as ‘‘high’’ or ‘‘flash’’

penetration), in which a portion of the bolus briefly enters

the upper section of the laryngeal vestibule, but is then

ejected back into the pharynx. This ejection typically

occurs as the result of biomechanical events such that

movement of the arytenoid process toward the undersur-

face of the epiglottis squeezes the penetrated material back

towards the laryngeal additus and pharynx, without any

conscious or volitional action on the part of the person.

This phenomenon, which was originally categorized by

Rosenbek and colleagues to fall within the category of

penetration, has subsequently been shown to occur in

healthy individuals and is no longer considered abnormal

[11, 39].

The laryngeal vestibule is densely populated with

afferent receptors for the superior laryngeal nerve [40–42].

Excitation of the internal branch of the superior laryngeal

nerve (iSLN) via electrical stimulation is one of the most

effective methods for eliciting a swallow response in ani-

mal models [43]. It follows that when the sensory and

motor function of the larynx is intact, the entry of foreign

material into the supraglottic space can reasonably be

expected to serve as a physiologic stimulus that will trigger

an immediate swallow response with laryngeal vestibule

closure, thereby enabling the biomechanical squeezing of

penetrated material back out of the larynx [41, 44, 45].

Levels 2 and 4 on the PAS are both illustrative of this

phenomenon, and they both capture successful clearance of

penetrated material out of the laryngeal vestibule.

Although scores of 2 are now known to occur in healthy

swallowing [11, 39], readers may not be aware that scores

of 4 are rarely observed [1, 3]. Penetration into the

supraglottic space that does not trigger an immediate

swallow response with effective clearance of the penetrant

(i.e.,PAS levels 3 and 5) should be considered abnormal

and should bring into question the integrity of the reflexive

sensory-motor responses that are usually initiated with

excitation of iSLN receptors [46–48].

With deeper degrees of airway invasion, the bolus

crosses the true vocal folds to the trachea and reaches a

new afferent nerve territory, namely that of the recurrent

laryngeal nerve. The excitation of RLN receptors is

expected to trigger reflexive laryngeal adduction and cough

responses [42], ideally expelling the invading material back

above the vocal folds and out of the airway. The different

levels of aspiration on the PAS capture the effectiveness of

this expected cough response. Interestingly, the original

version of the PAS was a 9-point scale, and included an

extra level which discriminated between ejection from

beneath the vocal folds into the supraglottic space and

ejection from beneath the vocal folds past the supraglottic

space and out of the airway. However, the distribution of

scores in the original dataset, which comprised 75 thin

liquid boluses from 15 stroke patients with dysphagia, did

not contain a single example of ejection from beneath the

vocal folds completely out of the airway [1]. The two

subglottal ejection possibilities were, therefore, collapsed

into level 6, and the wording was modified to capture

ejection of material, either into the supraglottic space, or

out of the airway. Interestingly, even with this modifica-

tion, ejection from beneath the vocal folds into the supra-

glottic space was only seen for 8 boluses (3%) in the

original dataset [1]. Several subsequent studies continue to

suggest that level 6 is an exceptionally rare PAS score

[3, 49–51].

Level 7 on the PAS captures the scenario in which

material falls beneath the true vocal folds and an ejection

response is attempted by the patient, but there is no

expulsion of the material. Despite the ineffective ejection

attempt, spontaneous attempts to cough or throat clear by

the patient are considered to reflect sensory integrity below

the vocal folds. Level 8, which is referred to as silent

aspiration, represents failure of both sensory and motor

components of the expected response: there is no apparent

awareness of material in the tracheo-bronchial tree and no

attempt on the part of the patient to initiate expulsion of

material from the trachea.

Rare Scores

As mentioned previously, scores of 4 and 6 appear to be

much less common than the other scores on the PAS. For

researchers, the rarity of these scores poses challenges in
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terms of score distribution. In a clinical context, although

the scale has important descriptive value, the relative rarity

of these levels raises interesting questions about whether

they are genuinely distinguishable from similar or adjacent

levels on the scale, and whether the descriptive differences

associated with these scores are clinically important. A

related question for which data are not readily available in

the literature is to ask about trends in inter-rater disagree-

ment across the different levels of the scale. It would be

very interesting to understand, for example, whether a

putative score of 4 is more commonly ‘‘mis-scored’’ as a 3,

a 5 or perhaps a 2 or a 6? A better understanding of the

PAS levels that are more prone to differences of opinion

across raters, and what the difference patterns are, would

provide useful material for debate about possible scale

revisions.

Ordinality

Two years after the original publication of the PAS,

McCullough et al. [6] published the results of a clinician

survey in which the relative severity of each PAS level

was ranked when paired with the other levels from the

scale. Survey responses actually showed that clinicians

were uncertain how to rank the severity of levels 3 and 5,

in which material reaches and remains in the supraglottic

space or on the true vocal folds without ejection. A

majority (87%) of survey respondents indicated that they

considered level 3 to be more severe than level 4, in

which there is effective ejection of penetrated material

into the pharynx. Similarly, 71% of respondents ranked

level 5 as more severe than level 6, in which there is

effective ejection of aspirated material into the supra-

glottic space (or, hypothetically, into the pharynx). Fur-

thermore, 58% of respondents ranked level 3 (with no

ejection from the supraglottic space) as more severe than

level 6 (which includes the hypothetical possibility of

ejection into the pharynx). Despite these responses, the

authors concluded that the scale displayed essentially

ordinal properties and argued that respondents might not

have had sufficient opportunity to develop comfort with

the scale, given its novelty. To the best of our knowledge,

there has never been a subsequent survey to determine

whether opinions regarding ordinality of the scale have

evolved. Nevertheless, it is striking to us that the opinions

reflected in the McCullough et al. [6] survey response

patterns are consistent with the physiological concepts

outlined in the previous section. We propose that the

apparent lack of ordinality implies a need to re-organize

and reconceptualize the PAS as a categorical scale

(‘‘Categorical PAS’’), with four categories of progres-

sively more severe impairment, which we will label

alphabetically for clarity. This proposed reconceptualiza-

tion of the PAS is illustrated in Table 2. Readers should

be cautioned that this proposed Categorical PAS has not

undergone validation.

Intervality

Based on the frequency of severity rankings for paired

levels of the PAS obtained in their survey study,

McCullough et al. [6] were also able to explore the extent

to which the scale displayed interval properties by con-

structing a derived scale of z-scores. With the exception

of levels 5 and 6, the derived scale maintained the

expected structure of lower z-scores for lower numbered

levels on the scale. However, the spacing between levels

was acknowledged not to be equal, ranging from z-score

values as small as 0.19 between levels 3 and 4 to values

as large as 1.65 between levels 6 and 7, and displaying

mean spacing of 0.79 with a standard deviation of 0.5.

Strictly speaking, these results fail to support assumptions

of intervality.

The levels of the PAS are labeled numerically with

discrete integer values. It is important to recognize that

decimal places have no interpretable meeting on this scale.

Nevertheless, throughout the dysphagia literature, it is

commonplace to find parametric measures of PAS central

tendency reported for groups of patients or research par-

ticipants, with significant digits up to two decimal places

(e.g., [8, 9, 12, 13, 52]). This practice has two major

drawbacks. First, to report mean PAS scores in this fashion

runs the risk of representing the airway protection capa-

bility of a group of individuals using a score that rarely or

never happens. This would appear to be the case in an

example reported recently by Pearson et al. [13] who

describe a group of patients with a mean PAS score of 4.42.

Secondly, the specification of decimal places encourages

scientists to treat the scale as continuous in parametric

statistics and to interpret small differences between groups

as potentially both statistically and clinically significant. A

recent, but certainly not unique example in this regard can

be found in a manuscript by Langmore et al. [8] in which

PAS scores were compared between head and neck cancer

patients randomized to receiving neuromuscular electrical

stimulation treatment vs a sham intervention. At the post-

treatment examination, group mean PAS scores were

reported as 5.1 (±1.8) and 4.9 (±2.1), respectively.

Although removal of the decimal places from these scores

would place both groups at an identical PAS score level of

5, and the authors themselves note that group differences in

PAS scores\ 1 have marginal clinical significance, the

analysis in that study identified the group difference as

being statistically significant [8].
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Statistical Analysis of the Penetration-Aspiration
Scale

There is much debate in the field of statistics and mea-

surement about whether and when it is appropriate to treat

ordinal variables as interval and continuous. In their

textbook, Understanding Advanced Statistical Methods

[53], Westfall & Henning advise, ‘‘One answer is that the

better the discrete data fill the continuum, the better the

continuous model is as an approximation’’ (p. 40) and

offer the following rule of thumb: ‘‘If the set of possible

discrete outcomes is 10 or more, then a continuous model

may provide an adequate approximation to the distribu-

tion of the discrete random variable’’ (p. 40). (We note

here that with 8 levels, the PAS would not satisfy this

criterion.)

It is important to distinguish between ordinal variables

that are discrete measurements of a numerical, continuous,

unmeasurable latent variable, such as Likert scale vari-

ables, and those that contain qualitative differences among

categories that cannot be distinguished numerically [7].

Even interval level variables can have qualitative meaning

within a specific research context. For example, consider a

variable such as the number of days out of the past 30 in

which a patient was hospitalized. While the number of days

is unequivocally ratio under any measurement system, in

the research context of understanding what happened to a

patient, there is a qualitative difference between 0 and

1 days of hospitalization. In our opinion, the lack of

available evidence to confirm either ordinality or inter-

vality of the PAS means that it would be more appropriate

to use frequency measures to represent the typical or most

common patterns of airway invasion seen in a group of

patients.

Repeated Measures Considerations

One of the most interesting challenges that clinicians and

researchers face, when characterizing a person’s swallow-

ing safety, is the fact that scores may vary within a person

across a series of swallows. It is expected (and desirable

from a treatment planning perspective) that swallowing

safety may vary across different bolus volumes [5], con-

sistencies [54–57], postural maneuvers [58–60] and even

across more subtle factors such as barium concentration

[61]. However, the literature also suggests that penetration-

aspiration events are unlikely to occur consistently within a

person when the same task is repeated several times (for

example, repeated 5 ml boluses of thin liquid) [15]. For

this reason, it is generally suggested that an adequate

challenge of swallowing safety should include several

repetitions of a task and standard protocols (either for

clinical or research purposes) provide a means of ensuring

an equal number of opportunities to elicit or observe the

problem as a basis for comparison. It is common practice

for the worst score seen across a protocol to be used to

represent the patient’s status; however, this risks skewing

the overall impression towards one of impairment

[15, 49, 50]. An alternative approach advocated by Martin-

Harris and colleagues in the MBSImp protocol is to treat

the first thin liquid bolus in a videofluoroscopy as a warm-

up trial, and not to factor this bolus into the representation

of a person’s swallowing safety status [49]; thus, patients

who manage to implement spontaneous compensatory

techniques that improve swallowing safety after an initial

problem would not be unduly penalized for the initial

swallow and would not be classified as having penetration

or aspiration. When data are grouped at the participant

level based on evidence of at least one aspiration event, the

Table 2 Proposed reorganization of the 8-point Penetration-Aspiration Scale into a 4-level Categorical Penetration-Aspiration Scale

Categorical PAS

level

Original PAS

scores

Description

A 1, 2, and 4 PAS levels 1 and 2 reflect normal function. Similarly, PAS level 4 reflects an effective response to the

slightly deeper penetration of material into the supraglottic space, resulting in the absence of any material

in the airway at the end of the swallow

B 3, 5, and 6 PAS Levels 3, 5, and 6 all capture abnormal situations in which material remains in the laryngeal vestibule at

the end of the swallow, extending as deep as (but not below) the level of the true vocal folds. These levels

reflect failure of supraglottic levels of airway protection. Furthermore, unless timely attempts to initiate

secondary clearing swallows are seen, these levels on the PAS may also reflect some degree of iSLN

impairment

C 7 PAS Level 7 reflects failure of supraglottic, glottal and tracheal airway protection mechanisms in the

presence of some residual recurrent laryngeal nerve sensory integrity

D 8 PAS Level 8 reflects impairment both of effective cough responses to aspiration and also of the sensory

circuits that are typically expected to trigger protective cough reflexes
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fact that aspiration is not constant contributes variation that

makes it more difficult to appreciate distinct pathophysio-

logical mechanisms behind impaired swallowing safety

[15, 50].

There are several alternatives available to the approach

of using the worst score to represent a person’s swallowing

safety. One of these is to sum PAS scores across a fixed

number of repetitions for a cumulative PAS score, which

would reflect the frequency of scores of concern; however,

because it is also common to terminate a protocol for safety

reasons when several examples of aspiration have been

observed, it may be difficult to guarantee that all patients

will be able to complete the expected number of task

repetitions and rules for scoring non-completed boluses due

to safety bailout would need to be clearly specified. Using

mean and median PAS scores to represent an individual’s

swallowing safety status for a particular task has similar

drawbacks to using worst scores; these scores may be

questionably representative of the patient’s pattern of air-

way protection. Consider, for example, two hypothetical

patients who present with the following PAS scores across

5 thin liquid boluses:

• Patient A (8, 5, 3, 5, 2); and

• Patient B (7, 5, 3, 7, 1).

Although the worst PAS scores are close for both

patients (8 and 7, respectively), the fact that Patient A

displays silent aspiration might (or might not) reflect a

more serious concern from a clinical perspective. On the

other hand, the occurrence of a score of 7 on two occa-

sions in Patient B might be considered more serious than

the single occurrence of a score of 8 on Patient A’s initial

swallow, depending on clinical circumstances. Both

patients would appear identical if mean (4.6) or median

(5) values were used to capture their airway protection

status. Given that scores are known to vary within indi-

viduals across repeated trials, we suggest that for clinical

purposes, the most informative way to represent PAS

scores may be to report both the mode and the worst

score across a set of swallows. In the current example,

this would result in scores of 5–8 and 7–7 for the two

patients, respectively.

Number of Levels

As mentioned previously, survey research by McCul-

lough et al. [6] suggested that clinicians were not in full

agreement regarding the relative severity of different

levels on the PAS, particularly for scores in the pene-

tration range (2–5). One solution to the lack of clarity

distinguishing the different levels is to reduce the scale

into fewer levels. This approach has been adopted quite

commonly in research [15–22, 62] and it has the further

potential advantage of limiting the opportunity for dif-

ferences of opinion to arise between raters. Indeed, a

study by Hind and colleagues [63] showed that agree-

ment between novice and experienced raters was better

when matching within a 3-score range (i.e., 1 point

above or below the expert reference score) compared to

looking for exact matches. Of course, evidence of

improved inter-rater agreement related to fewer forced-

choice rating options, by itself, is not an adequate jus-

tification for scale reduction. We propose that decisions

to transform the 8-point PAS into fewer levels should be

guided both by a physiological framework and by an

understanding of trends in scoring by raters. Standardi-

sation in protocols, data acquisition methods, and rating

procedures and rules are paramount to control for other

factors that may contribute to differences in rating

decisions across clinicians or researchers.

Constraints Associated with Assessment Methods
and Procedures

In this regard, it is important to note that constraints

inherent to different methods of acquiring swallowing data

may limit the degree to which PAS scores can be consid-

ered accurate and reliable. These constraints are not limi-

tations of the PAS itself, but rather of the contexts in which

the data are acquired or gathered. Recognition of these

constraints also provides opportunities for procedural

standardisation that may improve the reliability of fluo-

roscopy ratings. Three examples of this type of constraint

are described below:

1. As mentioned above, the literature suggests that scores

of 4 and 6 in which there is successful ejection of

material from a more serious to a less serious location

rarely occur. However, instructions for use of the PAS

provide no guidance regarding the length of time over

which the clinician should watch for this ejection.

Anecdotal experience from the first author’s research

suggests that people with dysphagia frequently per-

form more than one swallow for a bolus, and that deep

penetration or aspiration on an initial or early

subswallow for a given bolus may evolve across later

clearing swallows of the same bolus, either improving

or deteriorating. In this circumstance, it becomes

challenging to know whether to score swallowing

safety based on the worst subswallow in the series or

the ultimate status at the end of the series. Similarly, it

is widely presumed that the presence of residue in the

valleculae or pyriform sinuses at the end of a swallow

represents a risk for post-swallow aspiration [64];
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however, our ability to capture the true danger

associated with residue depends on the length of

post-swallow surveillance. Radiation exposure con-

cerns further limit this surveillance opportunity. Cur-

rent instructions regarding use of the PAS do not

provide guidance on this point.

2. A recent study by Bonilha and colleagues [65]

explored agreement for PAS ratings between two

different versions of the same videofluoroscopy

recordings with different temporal resolutions. The

results showed that penetration-aspiration events

that were detected in recordings with 30 images

per second were missed 20% of the time when those

same recordings were rendered at a lower resolution

of 15 images per second. Thus, it appears that

penetration-aspiration events may sometimes be

very brief and are prone to being missed by raters.

It follows that our ability to accurately detect the

disposition and evolution of an aspiration event from

a worst to better or best to worse score may also be

susceptible to variation based on the temporal

resolution of a videofluoroscopy recording. This is

analogous to the often-quoted philosophical question

about whether a tree falling unwitnessed in the forest

makes a sound. Our ability to accurately detect

airway invasion events is limited by both the

temporal resolution and the duration of the methods

used to seek evidence of the problem.

3. A similar scenario is appreciable when one considers

using the PAS scale in the context of endoscopic

rather than videofluoroscopic examinations of swal-

lowing. A well-known constraint of endoscopy is the

fact that a brief period of white-out obscures

visibility of the pharynx and airway during the

swallow [66]. When residual material is seen in the

larynx or trachea after the swallow, it is logical to

infer that penetration-aspiration has occurred. How-

ever, it is impossible for the clinician to rule out the

possibility that material entered the larynx or trachea

during the white-out period but then disappeared

from view (either through ejection into the pharynx

or by traveling deeper into the trachea). Thus, it

seems implausible that PAS scores indicating ejec-

tion (i.e., 2, 4 and 6) could be validly or reliably

detected using endoscopy. The susceptibility of

particular PAS scores to being missed provides

further reason to consider reducing the complexity

of the scale to a smaller number of levels. The

categorical reconceptualization of the PAS proposed

in Table 2 should be less susceptible to this concern,

given that the scores are grouped based on status/

appearance at the end of the swallow.

Options for Analysis

The remainder of this article is a tutorial for researchers on

statistical approaches to analyzing penetration-aspiration

data. For illustration purposes, we will use a hypothetical

data set. Let us assume that this dataset contains data for 80

patients enrolled in a dysphagia rehabilitation trial based on

pre-treatment evidence of at least one PAS score C3 for

both thin liquid and mildly thick liquid boluses on a stan-

dard videofluoroscopy assessment involving up to 3 bolu-

ses of each consistency. We recognize that some readers

may consider this situation to represent a rather narrow

snapshot of patient performance, but this is done in the

interests of illustration and clarity. Let us further assume

that these individuals were randomly assigned either to an

experimental group or a control group. The primary

research question for this illustrative dataset is to determine

whether swallowing safety has improved in the experi-

mental group, based on a post-treatment videofluoroscopy

assessment including the same thin and mildly thick liquid

swallowing tasks. The appendix contains data showing

worst PAS scores for each bolus type at the outcome

assessment by patient. We acknowledge the possibility that

using worst scores involves the previously identified pos-

sibility of bias towards impairment.

Quantitative Approach

As mentioned above, many articles in the dysphagia liter-

ature have treated the PAS scale as a continuous quanti-

tative scale with presumed interval properties. Table 3

illustrates the descriptive statistics that would be obtained

if this approach were applied to the hypothetical dataset,

for example in a general linear model ANOVA.

Figure 1 shows the distribution of residuals for these

data. The distribution is clearly skewed, violating the

assumption of normal distribution for residuals. Although

linear models are robust to departures from normality, the

skew that is observed in this case means that readers should

question the credibility and accuracy of p values in both

ANOVA or ordinary least squares regression models.

Checking for normality in residual distribution is an

important step in determining whether or not linear statis-

tical models can be used for interpreting a dataset of PAS

scores. Given evidence that certain scores are extremely

rare, we speculate that the majority of PAS datasets will

fail to show normal residual distribution.

Ordinal and Categorical Approaches

If treating the PAS as quantitative violates model

assumptions and is not best-practice, what is the
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alternative? The usual answer for ordinal data is to use non-

parametric statistics. While these are still a good option in

very simple studies, their limitations make them unsuit-

able as an all-around tool. Most non-parametric tests are

based on rank statistics. Common rank-based statistics

include the Wilcoxon Signed Rank Test, Mann–Whitney

U Test, and Spearman correlations [67]. These tests work

well for ordinal outcome variables and should be a strong

consideration for the PAS when the design and research

questions allow. Their disadvantage, though, is a big one:

they are tests, not models [68]. Most research questions

require more sophisticated analysis than simple group

comparisons. Non-parametric statistics cannot handle

interactions, covariates, or more than the simplest repeated

measures. Although it is tempting to turn instead to sta-

tistical models designed for quantitative data, despite the

inability of the PAS to meet their assumptions, there are

better alternatives. In the following section, we will discuss

descriptive and modeling options for categorical data that

test all necessary hypotheses without making untenable

assumptions.

Descriptive Statistics

Medians are usually suggested as the descriptive statistic of

choice for ordinal data [7]. However, although they

represent the center of the distribution well, unlike means,

their robustness to the shape of the distribution is also their

biggest disadvantage. For variables like the PAS, with only

a few possible discrete values and an often highly skewed

distribution, differences in scores above or below a median

may not be reflected in median differences. Rather than

using an inappropriate and uninterpretable statistic like the

mean, however, we suggest using one of the following.

While all require more than a single value to describe the

location of the distribution, we contend that the increase in

meaning is worth the added complexity.

Frequency Tables or Graphs Table 4 shows the counts

and percent frequencies of each PAS score for each treat-

ment group by bolus consistency (thin or mildly thick).

Figure 2 illustrates the frequency distributions of these data

using bar charts. Frequency tables have the advantage of

being appropriate whether we are using the full 8 levels on

the PAS scale as nominal or collapsing scores into cate-

gories that preserve meaningful order. The patterns are

clear in the illustrative dataset. First, PAS values of 4 and 6

do not occur at any point. For both consistencies, the

experimental group has a higher percentage frequency of

‘‘healthy’’ PAS scores of 1 and 2, and a corresponding

lower frequency of ‘‘scores of concern’’ (i.e., scores of 3

and higher, represented by the gray-shaded columns in the

Table 3 Sample descriptive statistics for the hypothetical data set by treatment group and consistency, if the PAS is treated as an interval scale

Group Consistency Mean Standard error 95% CI lower bound 95% CI upper bound

Control Thin 3.40 0.37 2.66 4.14

Mildly thick 3.40 0.37 2.66 4.14

Experimental Thin 3.18 0.37 2.44 2.76

Mildly thick 2.03 0.37 1.29 2.76

Fig. 1 Distribution and quantile plot of the residuals for PAS scores in the hypothetical dataset
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table). The appearance of better outcomes in the experi-

mental group is more noticeable for the mildly thick liquid

consistency than for the thin consistency. The greatest

difference in score frequency between groups is seen for

PAS scores of 8 (i.e., silent aspiration) on mildly thick

liquids, which has a frequency of only 2.5% in the exper-

imental group versus 15% in the control group.

Quantiles Another method that is commonly used to

summarize frequency distribution is the five-number sum-

mary, consisting of the minimum, 25th percentile, median,

75th percentile, and maximum. Table 5 provides a quantile

summary for the illustrative data set. In this case, it is clear

that the minimum, 25th percentile, and median PAS scores

are all shifted towards the healthy end of the scale for both

groups, regardless of bolus consistency. Maximum scores,

however, remain stable at a PAS score of 8. Summarizing

frequency data by quantile has the advantage of being

familiar to most researchers (taught in every introductory

statistics course), easy to interpret, meaningful, and

appropriate. However, for scales such as the PAS, this

method only works if one can establish ordinal categories.

There will certainly be data sets and research contexts

where this is too crude a measure to understand the sub-

tleties in the data. Another option for those situations is to

report deciles.

Models for Analyzing Nominal Multicategory Data

In this section, we will discuss several different types of

logistic regression (binary, multinomial, and ordinal) as

approaches that are suitable for analyzing the PAS pro-

vided that it is treated as a categorical variable. A major

advantage of using logistic regression models (compared

to the non-parametric rank statistic approaches men-

tioned previously) is that repeated measures, covariates,

Table 4 Frequency counts and percentages for each PAS score in the hypothetical data set, by treatment group and consistency

Group Consistency Statistic PAS = 1 PAS = 2 PAS = 3 PAS = 4 PAS = 5 PAS = 6 PAS = 7 PAS = 8

Control Thin Count 12 7 7 0 6 0 5 3

% 30.0% 17.5% 17.5% 0.0% 15.0% 0.0% 12.5% 7.5%

Mildly thick Count 14 6 7 0 4 0 3 6

% 35.0% 15.0% 17.5% 0.0% 10.0% 0.0% 7.5% 15.0%

Experimental Thin Count 15 8 5 0 4 0 3 5

% 37.5% 20.0% 12.5% 0.0% 10.0% 0.0% 7.5% 12.5%

Mildly thick Count 21 12 3 0 1 0 2 1

% 52.5% 30.0% 7.5% 0.0% 2.5% 0.0% 5.0% 2.5%

Fig. 2 Bar charts showing the frequency distribution of the different PAS levels in the hypothetical dataset by treatment group and consistency
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interactions, and quadratic effects can all be easily

included.

It is assumed that the reader will already be familiar

with ordinary linear regression, in which a continuous and

unbounded dependent variable with interval or ratio prop-

erties, Y, is modeled as a function of different levels of a

predictor variable, X1, X2, X3, …Xk. The equation for linear

regression is written as follows:

Yi ¼ b0 þ b1X1i þ b2X2i þ . . .þ bkXki þ ei:

The beta functions in this equation reflect the intercept,

b0, which is the average value of Y when all values of

X = 0, and the coefficients b1 X1i, b2 X2i, etc., which must

be added to the intercept to reach the values of Y for each

unit of the predictor, X. The function eI at the end of the

equation is the error term in the model.

Logistic regression is similar to linear regression, except

that the dependent variable is no longer a continuous

parameter with interval or ratio properties, but rather the

natural log-odds of a particular value of a categorical

parameter occurring. The odds ratio is calculated as the

probability (Pr) of a given categorical value, P, divided by

the inverse probability of that categorical value (1-P).

This can be easily illustrated using the example of a binary

version of the PAS comparing ‘‘healthy’’ scores of 1 and 2

to scores of concern (C3). Here, the odds ratio for

obtaining a score of concern would be written as

Odds (PAS � 3Þ ¼ Pr ðPAS � 3Þ
Pr ðPAS \3Þ ¼

Pr ðPÞ
Pr ð1� PÞ :

An odds ratio of 1 would reflect an equal probability of

obtaining a score from either category. Odds ratios[1

reflect a greater probability of obtaining a score in the

category of interest (in this case, PAS C 3), whereas odds

ratios\1 reflect a greater probability of obtaining a score

in the comparison or reference category (in this case,

PAS\ 3). For the interested reader, additional information

regarding odds ratios, as well as both linear and logistic

regression, can be accessed through the free webinar series

at www.analysisfactor.com.

Binary Logistic Regression If the PAS is reduced to 2

categories (i.e., healthy vs unhealthy), binary logistic

regression will usually be the best option for analysis. The

equation for binary logistic regression is written as follows:

Ln Oddsð Þ ¼ b0 þ b1X1 þ b2X2 þ . . . þ bkXk þ ei:

Rather than using ordinary least squares, logistic

regression explores the estimated values of all parameters

in an iterative fashion until it finds the most likely value for

the model (i.e., Maximum Likelihood Estimation). The

outcome is expressed in the log-odds of a specific response

category, with each b coefficient reflecting the difference

in log-odds. The exponent of the log-odds value is an odds

ratio, such that the b exponent reflects the amount by which

the odds ratio for the dependent variable category needs to

be multiplied for each one-unit change in the predictor

variable, X.

Multinomial Logistic Regression Although binary models

are common and familiar to most readers, many clinicians

and scientists may feel that reduction of the PAS to a two-

category variable sacrifices important levels of detail.

Multinomial logistic models can be used for situations in

which the dependent variable has 3 or more categories;

these are essentially a set of binary models [69, 70], which

provide detailed estimates of treatment effect and a sepa-

rate set of coefficients for each categorical response option

in comparison to one category that is treated as the refer-

ence category. In principle, this could be achieved by

running several parallel binary logistic regression models;

however, the multinomial approach provides a more

accurate result based on the inclusion of a single error

variance term. The process is as follows:

• The dependent variable is coded into multiple binary

1/0 variables for each outcome category except one (the

reference category). There will be M-1 binary outcome

variables for M categories. The reference category is

assigned a value of 0 for each of these binary variables.

• The multinomial logistic regression then estimates a

separate binary logistic regression model for each of

those binary variables. The result is M-1 binary logistic

regression models. Each one measures the effect of the

independent variables on the log-odds of that outcome

category, in comparison to the reference category. Each

model has its own intercept and regression

Table 5 PAS quantile scores for the hypothetical dataset by treatment group and consistency

Group Consistency Minimum 25th percentile Median 75th percentile Maximum

Control Thin 1 1 3 5 8

Mildly thick 1 1 2.5 5 8

Experimental Thin 1 1 2 5 8

Mildly thick 1 1 1 2 8
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coefficients—the predictors can affect each category

differently.

• The multinomial logistic regression equation, with the

subscript h indicating each category of the dependent

variable, is written as follows:

Ln Oddshð Þ ¼ b0h þ b1hX1 þ b2hX2 þ . . . þ bkhXk þ ei:

The main disadvantage of this approach (i.e.,

complexity) is also its main advantage (i.e., detail). There

are a few consequences of this complexity. The first is that

there are many coefficients to interpret, which can make

patterns difficult to see. Secondly, when the independent

variables are also categorical, every combination of

outcome category and independent variable category must

be present in the data in order for the model to compute. In

the illustrative dataset, there are no cases of PAS = 4 or 6.

This issue, which is called zero cell counts, will cause a

failure of model convergence if these values occur in one

condition but not another (e.g., pre-treatment but not post-

treatment). A work-around for the current data set would be

to recode the PAS levels that are not missing data as purely

nominal or categorical variables: A = 1, B = 2, C = 3,

D = 5, E = 7 and F = 8. In a multinomial logistic

regression model, the odds of each of these 6 possible

outcome categories for the PAS would be compared using a

reference category of PAS = 1 (i.e., category A). The effect

of each predictor (treatment group and consistency) would

be estimated separately for each outcome category.

However, two other instances of the zero cell count

problem are likely to occur in swallowing outcomes

research and these may pose challenges to the suitability of

the multinomial logistic regression approach. First, for the

current data set, we stated an expectation that all partici-

pants were included in the trial on the basis of demon-

strating a worst baseline PAS score of 3 or higher. In using

multinomial logistic regression with the example data set,

we determined that the absence of PAS scores in the

healthy range (i.e., 1 and 2) at baseline led to a failure of

model convergence assuming a repeated measures design

with both pre- and post-treatment data. A similar dilemma

might well have occurred in the case that no observations

of PAS = 8 were present for a given combination of

Consistency and Group in the post-treatment data: the

model would fail to converge. In other words, if a treatment

is so good that no participant continues to display silent

aspiration at the post-treatment assessment, the model will

not be able to calculate the probability of silent aspiration

in that treatment condition. The zero cell count can occur in

binary logistic regression as well, but it becomes more

likely in multinomial models because there are so many

individual outcome categories.

Ordinal Logistic Regression In the introduction, we

discussed historical survey data that suggest that some

clinicians are uncertain whether the 8 categories of the

PAS are correctly ordered as numerated [6]. Nevertheless,

we have proposed that the PAS could be re-ordered or

collapsed into categories that are ordered based on a

physiological framework, as suggested in the proposed

Categorical PAS with possible labels of A, B, C, and D.

If one accepts that category A is less severe than category

B and so forth, ordinal logistic regression becomes a

suitable approach to analysis. In our opinion, this is not

only the most appropriate approach to analysis of PAS

data, but it will also provide the richest information with

respect to differences in airway protection status. Fur-

thermore, this approach has the advantage of reduced

complexity for interpretation compared to the multinomial

approach described above.

There are a number of versions of ordinal logistic

regression. For the purposes of illustration, we will describe

the most common approach, the Proportional Odds Model

[69, 71–73], which is available in most statistical software

packages (e.g., SPSS PLUM, SAS proc logistic, Stata’s

ologit). Here, the equation is written as follows:

Ln Oddsj
� �

¼ hj� ðb0 þ b1X1 þ b2X2 þ . . . þ bkXk þ eiÞ:

1. Here, the intercept b0 has been replaced by a new

function, hj, where j represents the number of ordered

categories. This intercept represents a threshold value

in the model, at which the odds shifts from the

dependent variable being in a lower-ordered category

into the next higher-ordered category. An important

aspect of this approach is the proportional odds

assumption, which states that the difference in odds

for different categories in the model lies in this

threshold value. Consequently each outcome category

has its own intercept, but all outcome categories share

the same regression coefficient.

Remember that in the multinomial model, the odds of

each category are compared to a single reference category.

Here, we measure the odds of any lower category in

comparison to any higher category.

The calculation of unique intercepts allows for the fact

that some outcome categories are simply more frequent

than others, while the single regression coefficient mea-

sures how the independent variables relate to the odds of

being in any lower category. It says, for example, that the

effect of using a thicker bolus consistency is generalized in

the sense that it has the same effect on the odds of a PAS

score = 7 compared to a PAS score = 8 as it does on the

odds of a PAS score = 5 compared to PAS scores of either
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7 or 8. This assumption is important to understand but is

often violated in real data and needs to be checked.

Table 6, below, provides frequency data for the illustrative

dataset with PAS scores collapsed according to the

scheme suggested above.

Table 7 provides regression coefficients (intercepts) and

odds ratios for the Ordinal PAS categories of A vs. B, C,

and D; A or B vs. C and D; and A, B or C vs D, respec-

tively, given factors of group (experimental vs. control)

and consistency (mildly thick vs. thin) and their interaction.

The threshold coefficients are not usually interpreted

individually, but they represent the intercepts, specifically

the point (in terms of a logit or log-odds function) where

PAS scores can be predicted to shift into higher-ordered

categories. The odds ratios for the effects of group and

consistency and their interaction tell us how these

predictors affect the odds of a swallow having a penetra-

tion-aspiration score in a higher-ordered category. Table 8

provides greater detail regarding the interaction, showing

that being in the experimental group has a stronger effect

on the odds of a seeing a higher-ordered (i.e., less severe)

PAS category with the mildly thick liquid compared to the

thin liquid.

Conclusions

In this article, we have outlined an argument for treating

the Penetration-Aspiration Scale as categorical, with the

possibility of ordered categories given physiological con-

siderations. The statistical sections of this paper outline the

flaws of treating the PAS as an interval scale and propose

Table 6 Frequencies and percentages for categorical PAS scores in the hypothetical dataset by treatment group and consistency

Group Consistency Statistic PASCAT = A PASCAT = B PASCAT = C PASCAT = D

Control Thin Count 19 13 5 3

% 47.5% 32.5% 13% 7%

Mildly thick Count 20 11 3 6

% 50% 28% 7% 15%

Experimental Thin Count 23 9 3 5

% 57.5% 22.5% 7% 13%

Mildly thick Count 33 4 2 1

% 82.5% 10% 5% 2.5%

Table 7 Output for ordinal logistic regression analysis of treatment group differences in categorical PAS scores by consistency

Comparison Threshold (intercept) Standard error Wald v2 Significance Odds ratio

PAS category A vs. categories B, C and D 0.251 0.309 0.661 0.416 1.286

PAS categories A or B vs. categories C and D 1.485 0.337 19.479 0.000 4.417

PAS categories A, B or C vs. category D 2.218 0.379 34.172 0.000 9.192

Group 9 consistency -1.308 0.664 3.887 0.049 0.270

Group (experimental vs. control) 0.248 0.426 0.339 0.561 1.282

Consistency (thin vs. mildly thick) 0.025 0.419 0.003 0.953 1.025

Table 8 Post-hoc output for ordinal logistic regression analysis comparing the odds of different categorical PAS scores for the interaction of

experimental group plus mildly thick liquids

Comparison Threshold (intercept) Standard error Wald v2 Significance Odds ratio

PAS category A vs. categories B, C and D 0.003 0.303 0.000 0.991 1.003

PAS categories A or B vs. categories C and D 1.237 0.324 14.569 0.000 3.447

PAS categories A, B or C vs. category D 1.970 0.266 28.915 0.000 7.173

Group 9 consistency -1.308 0.664 3.887 0.049 0.780

Group (control vs. experimental) -0.248 0.426 0.339 0.561 1.025

Consistency (mildly thick vs. thin) 0.025 0.419 0.003 0.953 0.270
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that frequency distributions, odds ratios, and logistic

regression models are more appropriate and powerful

solutions for the analysis of PAS data. Although using the

ordinal logistic regression model on an appropriate order-

ing of the PAS data may lead to similar conclusions as the

earlier inappropriate treatment of the data as interval, this

result is achieved without the need to make untenable

assumptions and allows confident interpretations in terms

of the probability of witnessing each ordered category,

which makes sense in this situation. Given that ordinal

logistic regression procedures are readily available in

mainstream software, and include the option to incorporate

covariates, interactions, and repeated measures into the

model, we strongly encourage their use for future analysis

of PAS data.

Compliance with Ethical Standards

Conflict of interest Catriona M. Steele has no conflicts of interest to

disclose. Karen Grace-Martin is founder, president, statistical con-

sultant, trainer, and mentor for researchers at The Analysis Factor and

receives fees for these services.

Open Access This article is distributed under the terms of the Creative

CommonsAttribution4.0 InternationalLicense (http://creativecommons.

org/licenses/by/4.0/), which permits unrestricted use, distribution, and

reproduction in any medium, provided you give appropriate credit to the

original author(s) and the source, provide a link to theCreativeCommons

license, and indicate if changes were made.

Appendix

See Table 9.

Table 9 Hypothetical individual participant worst PAS scores at a post-treatment videofluoroscopy for thin and mildly thick consistencies,

organized by treatment group: experimental (E) and control (C)

Participant PAS score (thin) PAS score (mildly thick) Participant PAS score (thin) PAS score (mildly thick)

E-1 5 1 C-1 5 8

E-2 1 1 C-2 5 8

E-3 1 1 C-3 1 8

E-4 1 1 C-4 1 2

E-5 1 1 C-5 1 3

E-6 8 1 C-6 5 1

E-7 1 1 C-7 7 8

E-8 5 2 C-8 1 5

E-9 1 1 C-9 1 7

E-10 1 1 C-10 8 8

E-11 1 2 C-11 1 1

E-12 1 1 C-12 2 1

E-13 2 1 C-13 7 8

E-14 5 5 C-14 1 3

E-15 2 1 C-15 1 1

E-16 1 1 C-16 1 1

E-17 8 1 C-17 1 2

E-18 3 1 C-18 1 5

E-19 8 2 C-19 3 3

E-20 1 1 C-20 3 5

E-21 3 2 C-21 5 1

E-22 3 2 C-22 5 2

E-23 3 2 C-23 2 1

E-24 3 1 C-24 3 1

E-25 1 2 C-25 1 1

E-26 1 7 C-26 3 3

E-27 5 7 C-27 2 1

E-28 1 1 C-28 2 1

E-29 1 2 C-29 5 1

E-30 7 2 C-30 2 3

E-31 2 8 C-31 3 5
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