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Utilizing Pulmonary Function Parameters to
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Spinal Cord Injuries
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Objective To utilize pulmonary function parameters as predictive factors for dysphagia in individuals with
cervical spinal cord injuries (CSCIs).

Methods Medical records of 78 individuals with CSCIs were retrospectively reviewed. The pulmonary function
was evaluated using spirometry and peak flow meter, whereas the swallowing function was assessed using a
videofluoroscopic swallowing study. Participants were divided into the non-penetration-aspiration group (score 1
on the Penetration-Aspiration Scale [PAS]) and penetration-aspiration group (scores 2-8 on the PAS). Individuals
with pharyngeal residue grade scores >1 were included in the pharyngeal residue group.

Results The mean age was significantly higher in the penetration-aspiration and pharyngeal residue groups. In
this study, individuals with clinical features, such as advanced age, history of tracheostomy, anterior surgical
approach, and higher neurological level of injury, had significantly more penetration-aspiration or pharyngeal
residue. Individuals in the penetration-aspiration group had significantly lower peak cough flow (PCF) levels.
Individuals in the pharyngeal residue group had a significantly lower forced expiratory volume in 1 second (FEV1).
According to the receiver operating characteristic curve analysis of PCF and FEV1 on the PAS, the cutoff value was
140 L/min and 37.5% of the predicted value, respectively.

Conclusion Low PCF and FEVI1 values may predict the risk of dysphagia in individuals with CSCIs. In these
individuals, active evaluation of swallowing is recommended to confirm dysphagia.
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Pulmonary Function Parameters of Dysphagia in Cervical Spinal Cord Injuries

INTRODUCTION

Dysphagia is a relatively common complication among
individuals with acute cervical spinal cord injuries (CS-
CIs). According to several previous studies, the incidence
of dysphagia in individuals with CSCI varies from 16% to
80% [1-4]. Dysphagia after CSCI can increase the risk of
aspiration pneumonia, leading to increased morbidity
and mortality [5-8]. Therefore, early detection of dys-
phagia is essential for adequate nutrition and prevention
of aspiration pneumonia. Several previous studies have
identified risk factors for dysphagia in individuals with
CSCI, such as age, tracheostomy, severe paralysis, voice
quality, and anterior cervical surgery [9,10]. In addi-
tion, inefficient clearance of residue in the vallecula and
pyriform sinuses can lead to an increased risk of post-
swallow aspiration and subsequent pulmonary infection
[11].

Respiratory dysfunction is a leading cause of morbidity
and mortality in individuals with CSCI [12,13]. Further-
more, respiratory dysfunction in spinal cord injury has
a multifactorial pathophysiology and results from weak-
ness of the diaphragm and accessory muscle, reduced
cough function and surfactant production, and unop-
posed vagal tone, leading to increased bronchospasm
and secretions [6]. Following acute spinal cord injury, the
neurological level of injury and the completeness of in-
jury related to the phrenic nucleus at the C3-C5 segments
are the most important determinants of respiratory fail-
ure. Swallowing and respiratory systems share the aerodi-
gestive tract as a common anatomical area. In healthy in-
dividuals, swallowing occurs during the expiratory phase
of breathing. Swallowing apnea is an involuntary pause
in breathing during swallowing. This prevents laryngeal
penetration and tracheal aspiration [14-17]. However, it
can be difficult for individuals with CSCI and diaphrag-
matic dysfunction to hold their breath while swallowing.

Several previous studies have shown that respiratory
function assessment is useful for predicting impairment
in the swallowing function among individuals with isch-
emic stroke [18,19]. However, to the best of our knowl-
edge, no study has reported that impaired pulmonary
function parameters are physiologically related to re-
duced swallowing function in individuals with CSCI. The
current study aimed to investigate whether pulmonary
function parameters could be used to predict dysphagia

in individuals with CSCI.

MATERIALS AND METHODS

Participants

Medical records of individuals with CSCI between 2014
and 2019 were retrospectively reviewed. The study proce-
dures were reviewed and approved by the Pusan National
University Yangsan Hospital Institutional Review Board
for human participants (No. 05-2019-155). We certify that
all applicable institutional and governmental regulations
concerning the ethical use of human volunteers were fol-
lowed during the course of this research. The inclusion
criteria were: (1) individuals with CSCI diagnosed by a
physician; (2) individuals hospitalized for CSCI treat-
ment; and (3) individuals who underwent the swallowing
function test using videofluoroscopic swallowing study
(VFSS) and the pulmonary function test using spirometry
and peak flow meter during their hospital stay. The ex-
clusion criteria were: (1) individuals who were unable to
undergo the swallowing or pulmonary function test; (2)
individuals with a history of diseases that affect the swal-
lowing function, such as stroke and neuromuscular dis-
eases; and (3) individuals who had an interval of >28 days
between the swallowing and pulmonary function tests.
Finally, 78 individuals were enrolled based on the inclu-
sion and exclusion criteria. However, the IRB waived the
informed consent.

Swallowing function assessment

The swallowing function was confirmed by VESS. It was
performed by a well-trained physiatrist and an occupa-
tional therapist using a modified Logemann protocol [20].
The test diet included 2 mL, 5 mL, and a cup of diluted
barium, liquid with food thickener, soup, porridge, and
rice. It was conducted in the upright sitting position, and
lateral images were obtained using real-time fluoroscopy.

The severity of laryngeal penetration or tracheal aspira-
tion in VESS was evaluated using the Penetration-Aspira-
tion Scale (PAS). The PAS evaluates airway invasions and
has a maximum score of 8 points. PAS is scored based on
the depth to which material passes into the airway and
whether material entering the airway can be expelled.
A score of 1 reflects no entry of material into the airway,
scores of 2-5 reflect laryngeal penetration of material,
while scores of 6-8 reflect the tracheal aspiration of ma-
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terial below the true vocal folds [21]. We regarded indi-
viduals who scored 1 on the PAS as the non-penetration-
aspiration (non-PA) group, and those who scored =2 on
the PAS on one or more swallows were considered as the
penetration-aspiration (PA) group.

Additionally, the residual material in the vallecula or
pyriform sinuses was assessed using pharyngeal residue
grade (PRG) scores. The PRG has four-level scores rang-
ing from 0 to 3. PRG 0 indicates no residue in the vallec-
ula or pyriform sinuses, regarded as the non-pharyngeal
residue group in this study. PRG 1 refers to <10%, PRG 2
refers to 10%-50%, and PRG 3 refers to >50% filling of the
vallecula or pyriform sinuses by the food substance [22].
We included individuals with more than PRG 1 score in
the pharyngeal residue group.

Pulmonary function assessment

Pulmonary function test was performed in an up-
right position using a spirometer (Pony FX MIP/MEP;
COSMED Inc., Rome, Italy). The tests were performed
in three consecutive trials supported by experienced
pulmonary therapists to make the results reliable, and
a maximum value was used for analysis. Tidal volume,
forced vital capacity, forced expiratory volume in 1 sec-
ond (FEV1), maximal inspiratory pressure, and maximal
expiratory pressure were measured using spirometry.
Peak cough flow (PCF) was used as a parameter to mea-
sure voluntary coughing ability using a peak flow meter
(Mini Wright flow meter; Clement Clarke International
Ltd., Essex, UK). PCF was defined as the highest point of
the flow-volume curve obtained during coughing.

Statistical analysis

Statistical analysis was performed using SPSS software
version 20.0 (IBM Corp., Armonk, NY, USA). The normal-
ity of the sample was confirmed with the Shapiro-Wilk
test performed before Student t-test and Pearson correla-
tion analyses. Categorical variables were assessed using
the chi-squared test, whereas continuous variables were
analyzed using Student t-test. The correlations of PAS
and PRG scores with pulmonary function test parameters
or PCF in all participants were analyzed using Pearson
correlation analysis. A multivariate logistic regression
analysis was conducted to address all variables. We in-
vestigated the receiver operating characteristic (ROC)
curves for PCF and FEV1, which exhibited the strongest
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relationship with PAS and PRG and identified cutoff val-
ues, sensitivities, and specificities. The statistical signifi-
cance of all analyses was set at p<0.05.

RESULTS

General characteristics and clinical features

General demographics of the participants are presented
in Table 1. Out of 78 individuals with CSCI, 69 were male.
The mean age was 58.6+15.4 years. Forty participants
(51.28%) had laryngeal penetration or tracheal aspira-
tion, whereas 37 (47.43%) had pharyngeal residue in
VFSS. Among all participants, 37 (47.43%) underwent
tracheostomy, whereas 31 (39.74%) underwent surgery
using the anterior approach. There were 52 (66.67%) and
26 (33.33%) individuals in whom the neurological level of
injury was at C1-C4 and C5-C8, respectively. Thirty-sev-
en participants (47.43%) had a complete injury, whereas
41 (52.56%) had an incomplete injury.

Correlation between pulmonary and swallowing

function parameters in CSCI
All pulmonary function test and PCF parameters were

Table 1. General demographics of the participants

Characteristic Value

Age (yr) 58.6+15.4
Sex

Male 69 (88.46)

Female 9(11.54)
Tracheostomy

Positive 37 (47.44)

Negative 41 (52.56)
Surgery

Anterior approach 31(39.74)

Others 47 (60.26)
Neurological level of injury

Upper (C1-C4) 52 (66.67)

Lower (C5-C8) 26 (33.33)
ASIA impairment scale

A 37 (47.44)

B, C, orD 41 (52.56)

Values are presented as meantstandard deviation or
number (%).
ASIA, American Spinal Injury Association.
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Table 2. Correlation between pulmonary function parameters and PAS or PRG in CSCI

Pulmonary function PAS PRG
parameters Correlation coefficients p-value Correlation coefficients p-value
TV -0.243 0.032* -0.275 0.015*
FVC -0.441 0.000* -0.432 0.000*
FEV1 -0.470 0.000* -0.543 0.000*
MIP -0.394 0.000* -0.430 0.000*
MEP -0.363 0.001* -0.294 0.009*
PCF -0.488 0.000* -0.484 0.000*

PAS, Penetration-Aspiration Scale; PRG, pharyngeal residue grade; CSCI, cervical spinal cord injuries; TV, tidal vol-
ume; FVC, forced vital capacity; FEV1, forced expiratory volume in one second; MIP, maximal inspiratory pressure;

MEP, maximal expiratory pressure; PCF, peak cough flow.
*p<0.05.

significantly negatively correlated with PAS. Among
them, FEV1 and PCF showed the strongest correlation,
with correlation coefficients of -0.470 and -0.488, respec-
tively. Similarly, all of the analyzed parameters were ob-
served to show significant negative correlations with the
PRG. Among them, the correlation coefficients of FEV1
and PCF were -0.543 and -0.484, respectively, showing
the strongest correlation (Table 2).

Comparison between the PA and non-PA groups

Table 2 shows the differences in participants’ demo-
graphics, clinical features, and parameters of pulmo-
nary function test and PCF between the PA and non-
PA groups. While 40 participants (51.28%) had laryngeal
penetration or tracheal aspiration, 38 (48.72%) had no
laryngeal penetration or tracheal aspiration in the VFSS.
The PA group had a significantly higher mean age than
the non-PA group (p=0.001). The proportion of the PA
group was significantly higher in the patient group with
a history of tracheostomy (p=0.001), underwent the an-
terior approach surgery (p=0.005), and with the C1-C4
American Spinal Injury Association (ASIA) level (p=0.01).

Except for the tidal volume, PCF and all pulmonary
function test parameters had significantly lower values in
the PA group than those in the non-PA group. To deter-
mine independent risk factors for laryngeal penetration
or tracheal aspiration, we placed the variables that were
found to be significant in the univariate analysis (age,
forced vital capacity, FEV1, maximal inspiratory pressure,
maximal expiratory pressure, and PCF) into a multivari-
ate logistic regression model. Multinomial logistic regres-
sion analysis revealed that the risk of penetration or as-

piration significantly increased as the age increased and
the PCF decreased (p=0.002 and p=0.017, respectively).
Furthermore, the risk of penetration or aspiration signifi-
cantly increased in participants who underwent anterior
surgery and those with a higher ASIA impairment scale
(AIS) level (p=0.000 and p=0.012, respectively) (Table 3).

Comparison between the pharyngeal and non-
pharyngeal residue groups

Comparisons between groups with and without pha-
ryngeal residue are presented in Table 3. In the VESS, 37
participants (47.44%) had pharyngeal residue, whereas
41 (52.56%) did not. The mean age was significantly high-
er in the residue group (p=0.002). The proportion of the
pharyngeal residue group was significantly higher in the
patient group with a history of tracheostomy (p=0.001),
underwent the anterior approach surgery (p=0.001), and
with the C1-C4 AIS level (p=0.01).

PCF and all pulmonary function test parameters, except
for the tidal volume, had significantly lower values in the
pharyngeal residue group (Table 3). To determine inde-
pendent risk factors for pharyngeal residue, we placed
the variables that were found to be significant in the uni-
variate analysis (age, forced vital capacity, FEV1, maximal
inspiratory pressure, maximal expiratory pressure, PCF,
and tracheostomy) into a multivariate logistic regression
model. Multinomial logistic regression analysis showed
that the risk of pharyngeal residue significantly increased
as the age increased and the FEV1 decreased (p=0.002
and p=0.026, respectively). In addition, the risk of pen-
etration or aspiration significantly increased in partici-
pants who underwent anterior surgery and those with
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Table 3. Comparison between the penetration-aspiration and non-penetration-aspiration groups in terms of demo-
graphics, clinical features, and parameters of pulmonary function test and multivariate logistic regression analysis of

penetration-aspiration risk factors

Penetration-aspiration Non-penetration- aspiration

Multivariate analysis

Variable (n=40) (n=38) p-value B coefficient p-value
Age (yr) 64.03+11.08 52.89+17.36 0.001* 0.279 0.002*
Sex 0.083 =
Male 38 (95.0) 31 (81.6)
Female 2(5.0) 7(18.4)
Tracheostomy 0.001* 0.085 0.392
Positive 26 (65.0) 11 (28.95)
Negative 14 (35.0) 27 (71.05)
Surgery 0.005* 0.349 0.000*
Anterior approach 22 (55.0) 9 (23.68)
Others 18 (45.0) 29 (86.32)
Neurological level of injury 0.01*% 0.242 0.012*%
Upper (C1-C4) 32(80.0) 20 (52.63)
Lower (C5-C8) 8(20.0) 18 (47.37)
ASIA impairment scale 0.375 -
A 21 (52.5) 16 (42.11)
B,C,orD 19 (47.5) 22 (57.89)
TV (L) 0.43+0.16 0.47+0.16 0.248 -
FVC (%pred) 40.63+22.85 48.96+24.06 0.004* 0.181 0.294
FEV1 (%pred) 39.42+28.59 47.52+29.01 0.000* -0.187 0.308
MIP (cmH,0) 25.73+19.88 48.68+29.56 0.000* 0.020 0.901
MEP (cmH,0) 20.28+17.82 41.39+31.71 0.001* -0.061 0.682
PCF (L/min) 107.25+87.06 215.79+123.39 0.000* -0.398 0.017*

Values are presented as meantstandard deviation or number (%).
ASIA, American Spinal Injury Association; %pred, percentage of predicted normal; TV, tidal volume; FVC, forced vital
capacity; FEV1, forced expiratory volume in one second; MIP, maximal inspiratory pressure; MEP, maximal expiratory

pressure; PCEF, peak cough flow.
*p<0.05.

a higher AIS level (p=0.000 and p=0.016, respectively)
(Table 4).

ROC analysis of PCF and FEV1 in the presence of PA or
pharyngeal residue

This study showed that 140 L/min as the cutoff value
of PCF was an ideal diagnostic value with balanced sen-
sitivity and specificity (65.8% and 70.0%, respectively)
and the highest area under the curve (AUC) of 0.755 (95%
confidence interval [CI], 0.649-0.860; p=0.000) and 37.5%
of the predicted value as the appropriate cutoff value of
FEV1 with balanced sensitivity and specificity (65.8% and
62.5%, respectively) and the highest AUC of 0.744 (95%
CI, 0.636-0.852, p=0.000) in the presence of PA (Fig. 1).
454
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However, we could not find appropriate cutoff values for
PCF and FEV1 in individuals with pharyngeal residue.

DISCUSSION

Dysphagia is a relatively common complication that oc-
curs after acute CSCI. The consequences of dysphagia in
CSCI include life-threatening complications, such as as-
piration pneumonia, chemical pneumonitis, and airway
obstruction. Dysphagia in CSCI can increase the length of
hospital stay, delay the rehabilitation course, and affect
the ultimate discharge [1]. Therefore, early evaluation
and intervention for dysphagia are imperative to reduce
morbidity and mortality in individuals with CSCI [5].
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Table 4. Comparison between the pharyngeal and non-pharyngeal residue groups in terms of demographics, clinical
features, injury, and parameters of pulmonary function test and multivariate logistic regression analysis of pharyngeal

residue risk factors

. Pharyngeal Non-pharyngeal Multivariate analysis
Variable residue gr}(:?li (n=37) reside grougl(llglzéll) p-value B coefficient p-‘?,alue
Age (yr) 64.24+13.16 53.51+15.71 0.002* 0.279 0.002*
Sex 0.487 -
Male 34 (94.89) 35 (85.37)
Female 3(8.11) 6(14.63)
Tracheostomy 0.001* 0.144 0.154
Positive 25 (67.57) 12 (29.27)
Negative 12 (32.43) 29 (70.73)
Surgery 0.001* 0.403 0.000*
Anterior approach 22 (59.46) 9(21.95)
Others 15 (40.54) 32 (78.05)
AlS level of injury 0.01*% 0.233 0.016*
Upper (C1-C4) 30(81.08) 22 (53.66)
Lower (C5-C8) 7(18.92) 19 (46.34)
ASIA impairment scale 0.173 -
A 21 (56.76) 16 (39.02)
B,C,orD 16 (43.24) 25 (60.98)
TV (L) 0.42+0.17 0.48+0.15 0.070 -
FVC (%pred) 37.66124.07 49.55+23.82 0.000* -0.090 0.604
FEV1 (%pred) 36.28+27.05 48.03+28.85 0.000* -0.206 0.026*
MIP (cmH,0) 25.51+21.97 47.20+28.06 0.000* -0.105 0.518
MEP (cmH,0) 22.70+22.99 37.66+29.55 0.016* 0.136 0.364
PCF (L/min) 110.00£102.25 205.37£115.67 0.000* -0.110 0.503

Values are presented as mean+standard deviation or number (%).
ASIA, American Spinal Injury Association; %pred, percentage of predicted normal; TV, tidal volume; FVC, forced vital
capacity; FEV1, forced expiratory volume in one second; MIP, maximal inspiratory pressure; MEP, maximal expiratory

pressure; PCF, peak cough flow.
*p<0.05.

Several previous studies have reported risk factors for
dysphagia in individuals with CSCI, including advanced
age, tracheostomy, anterior cervical surgery, level of inju-
ry, complete SCI, ventilator use, nasogastric tube, severe
paralysis, and voice quality [23]. In this study, individuals
with clinical features, such as a history of tracheostomy,
anterior surgical approach, and higher neurological level
of injury, had significantly more PA or pharyngeal resi-
due, and these results are consistent with the findings of
several previous studies [1-4,23].

Breathing and swallowing are linked physiologically
and anatomically by sharing neural control centers and
anatomic structures, such as the mouth, pharynx, and

larynx [15]. Branches of the spinal nerves originating
from the upper cervical spinal cord not only innervate the
respiratory muscles but also the neck muscles, contribut-
ing to swallowing. This indirectly provides the possibility
of inferring the swallowing function from the respiratory
function. For example, the C1-C2 components of the
upper cervical spinal nerve innervate the styloglossus,
hyoglossus, genioglossus, and intrinsic tongue muscles
together with the hypoglossal nerve. These groups of
muscles are involved in swallowing by contributing to
tongue movement [24]. Moreover, the C2-C3 components
innervate the omohyoid, sternothyroid, and sternohyoid
muscles. This group of muscles also contributes to the
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Fig. 1. Receiver operating characteristic curve analysis of
peak cough flow (PCF) and forced expiratory volume in 1
second (FEV1) in the presence of penetration-aspiration.

protection of the trachea [25].

In clinical practice, pulmonary function is routinely
evaluated especially in individuals with high CSCI [26].
However, the assessment of dysphagia in individuals with
CSClI is often underappreciated and delayed until serious
complications, including aspiration pneumonia, have oc-
curred [9,10,27]. Therefore, we checked whether pulmo-
nary function parameters, which are routinely evaluated
in individuals with CSCI, could be indirect predictive fac-
tors for dysphagia. As a result of this study, we observed
that the respiratory and swallowing functions were cor-
related in CSCI; in particular, PCF and FEV1 were related
to dysphagia. Furthermore, we reported the cutoff values
for PCF and FEV1 to be 140 L/min and 37.5% of the pre-
dicted value, respectively.

Previous studies have demonstrated that voluntary
cough is related to the swallowing function in various
neurological diseases among the pulmonary functions.
Widdicombe et al. [28] reported that voluntary cough-
ing was mostly associated with tracheal aspiration after
stroke. Smith et al. [29] demonstrated that individuals
with stroke who experienced aspiration had significantly
impaired voluntary cough. Pitts et al. [30] demonstrated
that decreased ability of voluntary cough might aggravate
symptoms resulting from penetration and aspiration,
particularly in those with Parkinson disease. Plowman et
al. [31] reported that voluntary cough airflow measures
identified individuals with amyotrophic lateral sclerosis
at risk for penetration or aspiration and might be a signif-
icant screening tool with high clinical utility. Consistent
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with the above studies in other neurological diseases,
our study in individuals with CSCI also showed that PCE,
which represents voluntary cough function, was the most
powerful risk factor for predicting dysphagia among sev-
eral other pulmonary function parameters.

The above results seem to arise from the following
physiological reasons. Cough and swallow pattern gen-
erators are strongly coordinated and affect each other
closely because they share afferent and efferent pathways
[19,32]. Particularly, the loss of phrenic nerve function
due to CSCI above C5 interrupts normal ventilation pat-
terns and paralyzes the diaphragm with a lack of cough,
disturbing airway clearance [33].

Further, FEV1 was identified to be a strong factor af-
fecting dysphagia in individuals with CSCI. Decreased
FEVI1 in CSCI with dysphagia may have been caused by
the affected neurological control of pulmonary function
and decreased lung volume excursions due to decreased
chest wall movement caused by weakness of abdominal
muscles and the rib cage. Park et al. [34] demonstrated
that expiratory muscle strength training was effective in
dysphagia after stroke by stimulating the activity of the
suprahyoid muscles, which facilitate airway protection
and normal swallowing. Therefore, it is likely that FEV1,
which is a major parameter of expiratory function, may
indirectly suggest dysphagia.

Our results suggest that PCF and FEV1, the pulmonary
function parameters showing the strongest correlations
with dysphagia, may be utilized as predictive factors to
identify dysphagia in CSCI. In individuals with CSCI with
values lower than the cutoff values of PCF and FEVI, it
may be recommended to actively examine swallowing
tests, such as VFSS or fiberoptic endoscopic evaluation of
swallowing, to accurately confirm dysphagia.

The limitations of this study must be acknowledged.
This study was a retrospective review of medical records,
which had inherent limitations of small number and
heterogeneity. In this process, the selective bias cannot
be completely excluded. Furthermore, the sensitivity
and specificity of the cutoff values were not high enough.
Therefore, it will be necessary to conduct a prospective
study on a larger number of CSCI individuals with dys-
phagia. Tracheostomy and mechanical ventilation are
strong predictors of dysphagia. However, since this study
did not evaluate the duration of intubation or mechani-
cal ventilation, or the duration of the tracheostomy, the
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effect of tracheostomy on swallowing disorders was not
accurately evaluated.

In conclusion, there was a significant correlation be-
tween pulmonary function and swallowing function in
individuals with CSCI. PCF and FEV1 could be regarded
as significant predictive factors for dysphagia after CSCI.
In particular, we suggest assessing the presence of dys-
phagia through VFESS if the measured PCF or FEV1 values
are lower than their respective cutoff values of 140 L/min
and 37.5% of the predicted value.
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