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Aspiration is of particular concern for individuals with 
neurodegenerative disease processes, where breath ing 
and swallowing are frequently impaired.  3-10   There is a 
compelling need for strategies to screen and treat weak 
or inadequate airway protective behaviors in those 
with PD and others with neurodegenerative disease. 

 The addition of voluntary peak cough airfl ow mea-
sures to existing swallow-based clinical assessments 
may improve existing procedures for determining 
aspiration risk. We seek to facilitate this transition by 
empirically evaluating a simple, cost-effective means 
of measuring voluntary peak cough airfl ow in compari-
son with the current “gold standard” pneumotacho-
graph. This project intends to reveal a device-driven, 
cost-effective tool for the noninvasive evaluation of 
voluntary cough function. Ultimately, this tool, in 

      Swallow and cough, respectively, serve as preventa-
tive and corrective airway processes protecting the 

lower airways through presumed reconfi guration of 
integrated neural pathways important for respiratory 
control. For example, intricate coordination of breath-
ing and swallowing is required to safely transfer a 
bolus from the oral cavity into the lower digestive 
tract. Should material be aspirated into the lower air-
ways, a separate series of events also involving cough 
and swallow will be elicited as an initial attempt to 
clear the airway. When the coordination of these pro-
cesses fails, there is increased potential for penetration 
of foreign material, which can seed the subglottic air-
ways resulting in a high prevalence of aspiration pneu-
monia.  1   Mortality rates for aspiration pneumonia in 
those with Parkinson disease (PD) can approach 40%.  2   

  Background:    Dysphagia and   aspiration pneumonia are two causes of morbidity in Parkinson dis-
ease (PD). In PD, impaired airway clearance can lead to penetration of foreign material, result-
ing in a high prevalence of aspiration pneumonia and death. This study examines three different 
devices for measurement of peak airfl ow during voluntary cough in healthy control subjects and 
those with PD. Two simple and low-cost devices for measuring peak cough airfl ow were com-
pared with the “gold standard” pneumotachograph. 
  Methods:    Thirty-fi ve healthy control subjects and 35 individuals with PD produced voluntary cough 
at three perceived strengths (weak, moderate, and strong cough) for each of the three devices. 
  Results:    A signifi cant difference in mean peak cough airfl ow was demonstrated for disease 
( F [1,56]  5  4.0,  P   ,  .05) and sex ( F [1,56]  5  9.59,  P   ,  .003) across devices. The digital and analog 
meters were comparable to the gold standard demonstrating no signifi cant difference (statistical) 
by device (digital vs analog) in   receiver operating characteristic curve analysis. Both devices were 
discriminative of the presence of PD. 
  Conclusions:    The analog and digital peak airfl ow meters are suitable alternatives to the gold stan-
dard pneumotachograph due to their low cost, portability, ease of use, and high sensitivity rela-
tive to normative peak cough airfl ows. Voluntary cough airfl ow measures may serve as a noninvasive 
means of screening for aspiration risk in target populations. Additionally, quantifi cation of cough 
strength through use of predetermined limens for weak, moderate, and strong cough may 
assist clinicians in better describing and tracking cough strength as a contributing factor to aspi-
ration risk.    CHEST 2014; 145(5):1089–1096   

  Abbreviations:  AUROC  5  area under the receiver operating characteristic curve; HC  5  healthy control; HY  5  Hoehn 
and Yahr; PD  5  Parkinson disease 
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 Cough Production 

 Following informed consent, all participants underwent assess-
ment of voluntary peak cough airfl ows. Participation in the study 
required approximately 30 min and involved the production of 
voluntary coughs at three perceived strengths (weak, moderate, 
and strong) into three separate sensing devices (an analog peak 
airfl ow meter, a digital peak airfl ow meter, and a pneumotacho-
graph). For each device, the weak, moderate, and strong produc-
tions were repeated three times, in a random sequence. Therefore, 
each participant produced a total of 27 cough samples (three 
productions of three perceived strengths on each of three devices). 

 Devices 

 The analog peak fl ow meter used in this investigation was the 
Mini Wright Peak Flow Meter (Mini Wright) featuring a high-
visibility scale ranging from 60 to 850 L per minute. The meters 
used in this investigation were standard range with a larger diameter 
for use by adults. Per the manufacturer’s website, the meter is light-
weight, compact, latex free, and able to be sterilized.  11   The analog 
peak fl ow meters retail for approximately 30 US dollars per unit. 

 The digital peak fl ow meter used in this investigation is also 
manufactured by Mini Wright. The meter is powered by a lithium 
coin 3V battery (included and unable to be replaced) and features 
a range of 60 to 850 L per minute. For all participants, this meter 
was used in conjunction with a disposable pulmonary function test 
fi lter (CBI 1501U small, 30.15 mm outer diameter, 26.40 mm 
inner diameter) with 99.99% viral and bacterial fi ltration effi ciency 
(Creative Biotech, Inc). The pneumotachograph used in this inves-
tigation consisted of a PowerLab Multi Channel Data Acquisition 
System used in conjunction with a Spirometer Pod and MLT300L 
Respiratory Flow Head 300L and disposable pulmonary func-
tion test filter with viral and bacteriologic filtration efficiency 
(all from ADInstruments). Signals were collected and analyzed 
using LabChart software (ADInstruments). Prior to cough data 
collection, the integrated pneumotachograph signal was calibrated 
directly for volume and (via formula) for fl ow by injecting a known 
3-L volume of air through the experimental setup. Flow (F) was 
then calculated from the slope (rate of change) of the volume (V): 
F  5  dV/dt. 

 The production of voluntary coughs for each participant fol-
lowed a minimum of three cycles of tidal volume breathing, and 
each cough trial was separated by approximately 1 min of rest to 
minimize fatigue. Prior to testing, participants were given verbal 
instruction to assist them in producing cough responses at the 
desired strengths. This instruction involved fi rst verbally cueing 
each participant to produce a very soft cough. Productions that 
were not refl ective of a “true cough” (eg, no glottal closure, just 
exhaled air) were corrected by the investigator through repeat 
cueing. After demonstrating adequate production of a soft cough, 
participants were cued to “cough as hard as you can.” For mod-
erate cough, participants were cued to produce a cough “right 
between the soft cough and hard cough.” No apparent fatigue was 
observed in any of the participants during the experiment nor did 
any participant request to discontinue the trials. The order of the 
cough productions and device types was computer randomized 
with the exception of the fi rst three coughs, which participants 
were always instructed to perform in the following order (so as to 
mimic the instruction given prior to testing): (1) soft, (2) hard, and 
(3) medium. No adverse events were reported at the time of the 
experiment or during the 6-month period following consent of 
the fi nal participants.  12   

 Analysis 

 The analysis portion of the project was automated using LabChart 
7.0 software (ADInstruments) and its associated algorithms, 

combination with swallow-based clinical assessments, 
may assist in effi ciently assessing patients’ ability to 
produce both preventative (swallow) and corrective 
(voluntary cough) airway protective functions. Addi-
tionally, quick quantitative assessment of cough strength 
using consensus limens for weak, moderate, or strong 
cough can assist clinicians in the reporting of cough 
function for the purposes of describing aspiration risk 
in individuals with PD. 

 Materials and Methods 

 Participants 

 Seventy participants completed all study tasks (34 women, 
36 men) of which 35 were healthy control (HC) subjects 
(24 women, mean age, 67.75 years, SD  5  9.4 years; 11 men, mean 
age, 60.4 years, SD  5  16.2 years), and 35 were diagnosed with PD 
(10 women, mean age, 73.4 years, SD  5  4.6 years; 25 men, mean 
age, 72.0 years, SD  5  5.1 years). The Hoehn and Yahr (HY) ratings 
of participants with PD ranged from 2 to 5 with a mean HY of 3.31 
(SD  5  0.96). Mean years since diagnosis of PD was 6.8 years 
(SD  5  5.8 years). Participants with PD were considered for inclu-
sion based on the following criteria: (1) diagnosis of PD by a neu-
rologist; (2) between 30 and 80 years of age; (3) nonsmoking or 
no smoking within the previous 5 years; (4) no history of head and 
neck cancer, asthma, COPD, or untreated hypertension; (5) suffi -
cient facial muscle strength so as to achieve and maintain adequate 
lip closure around a circular mouthpiece; (6) cognition within nor-
mal limits as determined by the Mini Mental Status Examination; 
and (7) no neurologic (other than PD) condition that adversely 
affects respiratory muscle or gas exchange system. All participants 
with PD were tested while in the on-medication response curve, 
defi ned as 1 h postmedication intake. At the time of testing, no 
participants showed signs of dyskinesia. 

 Inclusion and exclusion criteria for HC participants were iden-
tical to those of participants with PD with the exception of diag nosis 
of PD. This study was conducted in accordance with the amended 
Declaration of Helsinki. The University of Florida Institutional 
Review Board (UFIRB01, project 367-2010) approved the protocol, 
and written informed consent was obtained from all participants. 
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Both peak airfl ow devices were most strongly corre-
lated to the gold standard pneumotachograph for the 
measurement of peak cough airfl ow produced by older 
women with PD.  

 To evaluate the measurement accuracy of the 
devices, Youden and Bland-Altman plots were gener-
ated. Youden plots demonstrate between (reproduc-
ibility) and within (repeatability) measurement accuracy. 
The Youden plot displayed a graphical method to ana-
lyze interdevice data, where devices have produced 
multiple repetitions of the same data on two group 
samples (ie, cough attempts for HCs and patients with 
PD). The plot visualizes within-device variability as well 
as between-device variability for the two samples. The 
axes in this plot are drawn on the same scale: One unit 
on the x-axis has the same length as one unit on the 
y-axis. Each point in the plot corresponds to the results 
of one device, defi ned by a fi rst response variable on 
the horizontal axis and a second response variable on 
the vertical axis. The proximity of each plotted point 
to the diagonal line with slope 1 and intercept zero 
shows agreement of replicate mea sures. The horizontal 
median line is drawn parallel to the x-axis, and a sec-
ond median line is drawn parallel to the y-axis. The 
intersection of the two median lines is the Manhattan 
median. The rectangle drawn includes 95% of the 
devices, if individual constant errors could be elimi-
nated. Rectangles shown represent 1 and 2 SD in var-
iability. The 45° reference line drawn through the 
Manhattan median identifi es points that indicate sys-
tematic error. Points that lie far from the 45° line indi-
cate large random error. Points outside the inner 
rectangle indicate large total error. Alternatively, this 
can be interpreted as follows: When the points lie 
closely along the 45° line, the conclusion may be drawn 
that each measurement is similar (less error). But when 
points lie outside the inner rectangle, these points almost 
certainly somehow have substantial systematic errors 
incorporated in their output. These plots detected a 
small amount of systematic error surrounding the mea-
surement of peak cough airfl ow. Only 8.5% (from HC 
participants) and 5.7% of the data (from PD partici-
pants) were considered in error by this method ( Fig 2  ). 
This fi nding indicates an acceptable overall error in 
peak cough airfl ow measurement. 

 Comparison of the analog and digital peak airfl ow 
devices against the gold standard pneumotachograph 
revealed no signifi cant outliers using the Grubbs test. 
Bland-Altman difference plots were used to estimate 
bias and precision of measures for the two peak air-
fl ow devices in comparison with the gold standard 
pneumotachograph. The Bland-Altman comparison 
revealed a mean peak airfl ow difference between 
devices of 0.0012 (SD, 0.016) (digital:  x   5  4.42 [SD, 
1.41; 95% CI, 4.08-4.76]; analog:  x   5  4.35 [SD, 1.5; 
95% CI, 3.99-4.71]). The Bland-Altman plot ( Fig 3  ) 

thereby eliminating the potential for measurement bias. Analysis 
of the airfl ow waveform captured from the pneumotachograph 
was completed following low pass fi ltering of the airfl ow signal at 
60 Hz. A “window” containing the peak cough airfl ow was created 
by placing cursors on the airfl ow signal immediately prior to the 
end of the compression phase (where cough airfl ow equals zero 
due to vocal fold closure prior to cough release) and immediately 
following the peak of the cough airfl ow signal. This window 
allowed for the automated identifi cation and extraction of the 
peak cough airfl ow, which was then exported to a data pad. The 
voluntary peak cough airfl ow values for the analog and digital 
meters were visually extracted by the investigator directly from 
the devices and the values compiled, with the data from the pneu-
motachograph system, into a Microsoft Excel dataset (Microsoft 
Corp). Performance, reliability, and comparability of cough airfl ow 
production by the three devices for both participant groups were 
reviewed using distributions and correlational analysis. Accuracy 
of measurement by device, including quantifi cation of systematic 
variation, was evaluated using the Youden plot, Bland-Altman plot, 
and Grubbs test.  13,14   Here, “measurement accuracy” was deter-
mined by comparing results obtained from the analog and peak 
fl ow meters with those obtained via calibrated pneumotachograph. 
Identifi cation and comparison of cough strength thresholds by 
device for the PD participants was completed using the receiver 
operator characteristic curve.  15   Statistical analysis was completed 
using SPSS 18.0 (IBM), MedCalc (MedCalc Software), and SAS 9.0 
(SAS Institute Inc). 

 Results 

 Comparison of all three devices using a repeated 
measures analysis of variance demonstrated a signifi -
cant difference in mean peak cough airfl ow (L/s) by 
device type for both groups ( F [1,56]  5  4.0,  P   ,  .05) 
and sex ( F [1,56]  5  9.59,  P   ,  .003). No signifi cant rela-
tionship was demonstrated between groups (PD vs HC) 
by age. Therefore, the differences found for peak 
cough airfl ow only occurred between the sexes for 
HC participants. 

 The distribution and comparability of cough airfl ow 
measurements produced across devices was reviewed 
using correlation analysis. The pneumotachograph 
demonstrated a strong correlation to the analog and 
digital peak airfl ow devices, with a slightly stronger 
relationship with the digital peak airfl ow device. How-
ever, the distribution of mean voluntary peak cough 
airfl ow values from the HC participants demonstrated 
that the digital peak airfl ow device produced a  �  5% 
difference from the pneumotachograph vs the analog 
peak airfl ow device, which demonstrated a  �  2% dif-
ference from the   pneumotachograph ( Fig 1  ). 

 Differences in the performance of the devices were 
also reviewed across age strata (10-year bands) and 
sex to evaluate concurrent validity   ( Table 1  ). The   dig-
ital and analog peak cough airfl ow devices were most 
strongly correlated to the pneumotachograph for the 
measurement of voluntary peak cough airfl ow in male 
HC participants, with the digital correlating partic-
ularly well among both younger (age 60-70 years) and 
older (age 71-81 years) healthy male participants. 
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and strong cough  �  5.5 L/min. For the weak cough 
strength, the analog device demonstrated superior 
values in comparison with the digital peak airfl ow 
device (area under the curve, 0.80 [95% CI, 0.65-0.86] 
analog vs 0.77 [95% CI, 0.68-0.88] digital). For the 
moderate and strong cough strengths, the digital 
device demonstrated superior values (area under the 
curve, 0.83 [95% CI, 0.72-0.91] digital vs 0.79 [95% CI, 
0.68-0.88] analog for moderate, and 0.83 [95% CI, 
0.72-0.91] digital vs 0.81 [95% CI, 0.69-0.89] ana-
log for strong) in comparison with the analog peak 
airfl ow device. The ability of each device to discrimi-
nate between disease state (HC vs PD) and PD sever-
ity based upon HY score  .  3 for total mean cough 
production was also compared. Results demonstrated 
the analog device produced marginally larger AUROC 
values for both disease state ( Table 2  ) and PD sever-
ity discrimination ( Table 3  ). The likelihood value of 
the analog device (which is not affected by preva-
lence) was superior (at 10.26) to the digital device 
(at 2.74). 

 Discussion 

 Although diagnostic tools currently exist within clin-
ical settings to assess aspiration risk, the focus of these 
assessments is on defi ning swallow function. Though 
these tools are widely used in medical settings, there 
is poor consensus among health-care professionals 
and little outcome data regarding which swallow 
assessment protocol is sensitive for detecting aspira-
tion. Research continues to seek a rapid measure for 
determining aspiration risk. The lack of consensus 
has resulted in elimination of   a Joint Commission on 
Accreditation of Healthcare Organizations (JCAHO) 
mandated brief swallow assessment for all patients 
with a suspected diagnosis of stroke in stroke-certifi ed 

demonstrated slightly greater precision in peak cough 
airfl ow measurement by the analog peak airfl ow device 
(0.7% bias) vs the digital peak airfl ow device (3.3% bias). 
Test-retest reliability of the devices across repeated 
measures for 20% of all data demonstrated strong 
reliability for the digital ( r   5  0.956) and analog devices 
(0.973) at  P   ,  .0001. 

 An additional objective of this investigation was the 
establishment of voluntary cough airfl ow function 
ranges for HC participants and those with PD. The 
analysis of cough strength by device was completed 
using   the area under the receiver operating charac-
teristic curve (AUROC).  16     The ability of each device to 
discriminate cough strength among HC individuals 
at the various strength ranges was reviewed by the 
AUROC and Youden index. The measures obtained 
via pneumotachograph for HC participants func-
tioned as the standard referent for this analysis. 
Results revealed no signifi cant difference by device 
type (digital vs analog) For this analysis, pneumotacho-
graph cough response was categorized according to 
the follow ing cut points: weak denoted by peak airfl ow 
rates of  �  3.5 L/min, moderate cough  �  4.0 L/min, 

  Figure  1. Distribution of mean peak airflow (L/s) by device and disease state. PD  5  Parkinson 
disease.   

 Table 1— Device Performance Differences  

Device

HCs (n  5  35) PD (n  5  35)

60-70 y 71-81 y 60-70 y 71-81 y

Pneumotachograph to digital
 Male 0.97 0.99 0.77 0.72
 Female 0.60 0.56 0.81 0.85
Pneumotachograph to analog
 Male 0.64 0.99 0.80 0.76
 Female 0.81 0.56 0.81 0.85
Digital to analog
 Male 0.58 0.99 0.88 0.78
 Female 0.60 0.69 0.82 0.82

HC  5  healthy control; PD  5  Parkinson disease.
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analysis of the voluntary cough airfl ow pattern, cough 
airfl ow signals can be highly variable and subject to 
numerous technical considerations. These include the 
behavior of transducers used to collect the raw signal, 
as well as characteristics of post hoc fi ltering of sig-
nals (for example, to remove noise) prior to analysis.  29   
The possibility of an inexpensive, portable, and readily 
interpreted screening test for defi ciencies in airway 
protection holds high potential clinical utility. Establish-
ment of validated normative values, both for patient 
and healthy populations, will allow clinicians who treat 
those with potential for defi cient airway protection 
the ability to quickly assess the risk that such a defi -
ciency exists, recommend appropriate diagnostic test(s), 
and implement a treatment plan. 

 This investigation is original in that it provides mea-
surement of voluntary cough peak airfl ow via a simple 
and inexpensive portable device and relates the peak 
airfl ow measure to PD disease severity, a need pre-
viously outlined within the literature.  30,31   The use of 
a portable and noninvasive tool for measurement of 
peak airfl ow during voluntary cough provides impor-
tant functional information that can be collected at 
bedside or in the home environment for diagnosis 
and discrimination of disease severity, as well as a 
means to track the outcomes of rehabilitations aimed 
at improving cough strength. These results also estab-
lish and validate normative cough strength ranges in 
HC participants across three methods for airfl ow data 
collection (analog peak meter, digital peak airfl ow 
meter, and pneumotachograph), providing a dataset 
that can be used for clinical pathology comparison.  32   
Continued work is needed to establish normative 
ranges within larger cohorts of patient and nonpatient 
groups, across all available age groups. 

centers.  17,18   Additionally, swallow screening measures 
are unable to assess corrective airway protection 
modalities, and cannot assess a patient’s ability to 
defend his or her airway, when and if aspiration occurs. 

 Evaluation of voluntary cough function serves to 
characterize one mechanism of corrective airway pro-
tection. Such assessments have been largely limited 
to subjective measures that are highly subject to error. 
Previous investigations, along with the European 
Respiratory Society (ERS) and American College 
of Chest Physicians (ACCP), have outlined the need 
for diagnostic tools to objectively assess cough.  19-22   
Assessing voluntary cough function using airfl ow wave-
form analysis has been used with individuals with 
PD as well as those poststroke to detect penetration 
and aspiration during oropharyngeal swallowing  23-28   
(T. E. Pitts, PhD, unpublished data, June 2009). These 
studies have shown that airfl ow measures from volun-
tary cough production can identify individuals at risk 
for penetration or aspiration. Voluntary peak cough 
airfl ow characteristics could be used to model air-
way compromise in people with PD or those post-
stroke. And while these datasets have been published, 
the methodology used in past investigations was a 
pneumotachograph. 

 In spite of this evidence, measures of voluntary 
cough airfl ow have failed to translate easily into clinical 
practice. We believe this translational diffi culty has 
occurred due to technical demands and the consider-
able cost of the pneumotachograph device, inherent 
to gold standard methodologies for assessing cough. 
At minimum, the gold standard methodology can 
be cost prohibitive, requiring a spirometer, pneumo-
tachograph, fi lters, and commercial software for chart-
ing and analysis. Although Pitts et al  24   provided detailed 

  Figure  2. Youden plot of measurement error (digital cough device vs pneumotachograph). See Figure 1 
legend for expansion of abbreviation.   
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argument that volitional and refl exive or evoked cough 
are inextricably linked. 

 It is known that age, height, weight, race, and sex 
can directly affect the results, which one would pre-
dict for a given individual from respiratory testing. In 
this study, sex was included as an independent vari-
able in the repeated measures analysis. Post hoc com-
parisons revealed that sex differences in mean peak 
cough airfl ow (L/s) only occurred in male HC partici-
pants across all devices. Our study did not control 
height or race, however; in this study, we aimed to 
evaluate the relative comparability of measurement 
accuracy across measurement devices. As such, con-
trolling variables of height and race may have strongly 
impacted recruitment duration and sample size, but 
would not have directly affected results as each sub-
ject served as his or her own control across the three 
different device conditions. 

 Portability of the peak airfl ow meters offers expe-
diency in clinical care and while the intent of this 
investigation was not to present peak airfl ow moni-
toring as a replacement for swallow screening mea-
sures of airway protection, evidence exists to support 

 Although the experimental and control groups were 
somewhat disparate in their average age, one past 
investigation has shown no difference in laryngopha-
ryngeal mechanosensitivity relative to age.  33   Although 
all participants with PD were tested while on their 
medication response curve, by collecting data approxi-
mately 1 h after intake of PD medications, it is possible 
that medication effects may have exerted an infl u-
ence on the observed results. All peak cough airfl ows 
obtained during this investigation were volitional in 
nature (eg, participants were instructed to repeatedly 
produce coughs at various strength levels) and argu-
ments can be made regarding the comparability of 
volitional to refl exive peak cough airfl ows. Current 
understanding of the neurophysiology of cough sup-
ports an integrated model of cough generation involv-
ing both cortical and subcortical structures in most 
physiologic conditions with cortical involvement in 
detection of sensory stimuli as well as the confi gu-
ration of the cough response itself.  34   Aside from non-
awake conditions (deep anesthesia, coma, and so forth) 
the infl uence of cortical processing on cough motor 
outputs is evident. These fi ndings strengthen the 

  Figure  3. Bland-Altman measurement difference plot of digital vs analog devices compared with gold 
standard pneumotachograph device (all cough attempts).   

 Table 2— AUROC Values for Disease State  

Device AUROC Se Sp 95% CI

Pneumotachograph 0.483 40.1 77.1 0.36-0.60
Digital peak airfl ow meter 0.571 51.4 68.6 0.45-0.68
Analog peak airfl ow meter 0.584 51.4 76.5 0.46-0.70

AUROC  5  area under the receiver operating characteristic curve; 
Se  5  sensitivity; Sp  5  specifi city.

 Table 3— AUROC Values for PD 
Severity Discrimination  

Device AUROC Se Sp 95% CI

Pneumotachograph 0.70 64.7 77.1 0.55-0.82
Digital peak fl ow meter 0.72 70.6 68.6 0.58-0.84
Analog peak fl ow meter 0.74 70.6 76.5 0.59-0.85

See Table 1 and 2 legends for expansion of abbreviations.
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the inclusion of such measures as supplementary to 
those already in widespread clinical use. The major 
fi ndings of this study indicate that the analog peak 
airfl ow device is superior in the identifi cation and dis-
crimination of voluntary cough strength in both healthy 
adults and individuals with PD. Consequently, use 
of the analog peak airfl ow device may not only save 
valuable clinical time and reduce the cost of instru-
mentation needed for assessment of cough airfl ow, 
but also reduce the complexity and cost-prohibitive 
nature of cough assessment. In phase 2 of this project 
(presently underway), we are relating measures of 
peak airfl ow during voluntary cough to the presence 
of penetration or aspiration during videofl uoroscopy 
in participants with PD to determine the relationship 
between the cough peak airfl ow measure and pene-
tration aspiration score for those with PD. It is our 
intent to evaluate the contribution of voluntary cough 
function to the overarching mechanism of airway pro-
tection by comparing data obtained during peak cough 
airfl ow sampling to observations of penetration and 
aspiration during videofl uoroscopy. From this, we hope 
to develop a predictive model for the categorization 
of PD participants with impairment of airway protec-
tive mechanisms based on a twofold (preventative-
corrective) distinction obtained by merging fi ndings 
from assessments of both swallow and cough func-
tion. These fi ndings, once published, will serve as a 
crucial link between voluntary peak cough airfl ows 
and aspiration risk for individuals with PD. 
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