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Objective  To examine the relation between the presence of penetration or aspiration and the occurrence of 
the clinical indicators of dysphagia. The presence of penetration or aspiration is closely related to the clinical 
indicators of dysphagia. It is essential to understand these relationships in order to implement proper diagnosis 
and treatment of dysphagia. 
Methods  Fifty-eight poststroke survivors were divided into two groups: patients with or without penetration or 
aspiration. Medical records and videofluoroscopic swallowing examinations were reviewed. The occurrence of 
clinical indicators of dysphagia between two groups was analyzed with Cross Tabulation and the Pearson chi-
square test (p<0.05).
Results  Poststroke survivors with penetration or aspiration had significantly high occurrences of delayed initiation 
of the swallow (p=0.04) and reduced hyolaryngeal elevation (p<0.01) than those without penetration or aspiration.
Conclusion  The results of this study indicate that delayed initiation of the swallow is a strong physiological 
indicator of penetration or aspiration during the oral stage of swallowing in poststroke survivors. For the 
pharyngeal stage of swallowing, hyoid and laryngeal elevation is a key event related to occurrence of penetration 
or aspiration. Clinical indicators should be investigated further to allow appropriate implementation of treatment 
strategies for stroke survivors.
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INTRODUCTION

Dysphagia is a disorder of swallowing. In adults, it usu-
ally involves structural damage to the oropharynx or 
damage to the neuro-pathways, both of which affect oro-
pharyngeal swallowing functions. Stroke and neurologi-
cal diseases are common causes of dysphagia between 
the oral cavity and the lower esophageal sphincter. Be-
tween 30% and 50% of individuals who had a stroke have 
swallowing problems [1,2]. Dysphagia resulting from a 
stroke is considered to be a major cause of medical com-
plications such as aspiration pneumonia, dehydration, 
and malnutrition. Even though a degree of aspiration 
may occur in normal healthy adults without medical 
complications [3], aspiration in poststroke survivors can 
lead to serious medical consequences such as bacterial 
pneumonia, chemical pneumonitis, or death [4]. With 
this in mind, it is essential to find ways to prevent and 
treat aspiration in stroke survivors. 

After a stroke, survivors go through a series of clinical 
and videofluoroscopic examinations of swallowing. At 
the beginning of evaluation, the clinician’s main concern 
is the presence of aspiration or penetration. Aspiration 
is defined as the passing of the bolus below the true vo-
cal folds, and penetration is when the bolus enters the 
airway but not below the true vocal folds. In addition, 
the clinical indicators of oropharyngeal dysphagia are 
observed in order to figure out the source of dysphagia. 
According to the available literature, several physiologi-
cal indicators were reported as being related to the oc-
currence of aspiration and penetration. Researchers [5-8] 
have demonstrated that delayed initiation of the pha-
ryngeal swallow is an important indicator of aspiration 
in stroke survivors. Aspiration also has been associated 
with incomplete laryngeal closure as well as reduced 
hyoid and laryngeal excursion [9]. Laryngeal closure in-
volves approximation of the arytenoid cartilages and the 
epiglottis to protect the airway. Reduced hyoid excursion 
has been reported to be an independent indicator of as-
piration. Hyoid and laryngeal excursion leads to vertical 
and anterior displacement of the hyoid bone during the 
pharyngeal swallow. As the bolus passes into the phar-
ynx, the tongue base, on which the hyoid bone rests, pulls 
the hyoid bone and larynx vertically and anteriorly. It 
contributes to airway protection by making the epiglottis 
cartilage descend over the top of the larynx, and pulling 

the upper esophageal sphincter (UES) to allow the bolus 
to be directed toward the esophagus [10]. Perlman et 
al. [11] reported that, out of 330 dysphagic patients with 
various neurogenic disorders, 22% were observed to have 
reduced hyoid excursion, which was significantly associ-
ated with epiglottic immobility and subsequent penetra-
tion and aspiration. 

It is necessary to investigate the relation between the 
presence of penetration or aspiration and the clinical in-
dicators of dysphagia. Understanding of this relationship 
is essential for clinicians to implement proper diagnosis 
and treatment of dysphagia. The purpose of this study 
was to examine the relation between the presence of pen-
etration or aspiration and the occurrence of the clinical 
indicators in dysphagia. The clinical indicators were clas-
sified based on the stages of swallowing. The occurrence 
of clinical indicators among stroke survivors with and 
without penetration or aspiration will be compared. The 
findings of this study will provide clinicians and patients 
with information useful in understanding the character-
istics of dysphagia in poststroke survivors. 

MATERIALS AND METHODS

Subjects
This was a retrospective study that reviewed medical re-

cords and the results of a fluoroscopic swallowing study 
for stroke survivors who were referred for swallowing 
evaluation between July 1, 2010 and June 30, 2011. This 
study was approved by the Institutional Review Board of 
Hallym University Medical Center, Chuncheon, South 
Korea. Among 136 patients who were referred to the 
fluoroscopic swallowing study, 58 stroke survivors were 
included. Exclusion criteria of subjects were as follows: 
1) insufficient medical records, 2) previous history of a 
stroke, and 3) incomplete fluoroscopic swallowing study. 

Stroke survivors were divided into two groups accord-
ing to the presence of penetration or aspiration: stroke 
survivors with penetration or aspiration and stroke sur-
vivors without penetration or aspiration. Each patient’s 
medical record was assessed according to five categories: 
demographic items (i.e., age and gender), stroke infor-
mation (i.e., type, laterality, and site of lesion, and stroke 
severity using Barthel scale), pneumonia history, and 
feeding tube status. Table 1 presents demographic and 
clinical information for the 58 stroke survivors.
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Dysphagia in swallowing stages
From the analysis of fluoroscopic swallowing studies on 

58 stroke survivors, the clinical indicators of dysphagia 
were analyzed based on swallowing stages. In the oral 
stage, poor lip closure, poor oral control of bolus, delayed 
initiation of the swallow, and oral residue were observed. 
Delayed initiation of the swallow was classified at the 
oral stage because the triggering point of the pharyngeal 
swallow is the anterior faucial pillar in the oral cavity [12]. 
In fluoroscopic swallowing studies, delayed initiation of 

the swallow was defined as when the bolus reaches the 
vallecula but hyolaryngeal elevation is not triggered [13].

In the pharyngeal stage, penetration or aspiration was 
observed at first to classify subjects into two groups. Pa-
tients that presented with penetration or aspiration with 
any consistency at least once were classified as stroke 
survivors with penetration or aspiration. In addition, val-
lecular residue, pyriform sinus residue, and reduced hy-
olaryngeal elevation were recorded. During swallowing in 
the fluoroscopic swallowing study, reduced hyolaryngeal 
elevation was defined according to absence or reduction 
of elevation of the hyoid and larynx. 

Two experienced physicians performed and analyzed 
the fluoroscopic swallowing study on site. Together they 
recorded the presence and absence of penetration or 
aspiration, as well as the clinical indicators for each swal-
low. The first physician had more than three years of 
experience in swallowing assessment and treatment. The 
second physician was a supervisor and had more than 
five years of experience. Both participated in swallowing 
assessment training regularly and performed fluoroscop-
ic swallowing evaluation weekly for at least 5 patients 
with various etiologies. 

Interpretation of the fluoroscopic swallowing studies 
was made on site by the two clinicians together. Our hos-
pital has the capacity to record swallowing studies with 
7 frames per second. During the analysis, if there was a 
discrepancy, they reviewed the fluoroscopic swallowing 
study together and reached agreement in interpretation. 
The clinical indicators of oropharyngeal dysphagia were 
selected based on the hospital’s standard fluoroscopic 
swallowing study protocol.

Statistical analysis
Stroke survivors were classified into two groups by the 

presence of penetration or aspiration. Cross Tabulation 
and the Pearson chi-square test were used to analyze the 
occurrences of physiological indicators of oropharyngeal 
dysphagia between the two groups with a significance 
level of p<0.05.

RESULTS

Oral dysphagia
In the oral stage, there was no significant difference 

in the occurrence of lip closure, bolus control, and oral 

Table 1. Clinical and demographic information of 58 
poststroke survivors

With  
penetration 

or aspiration 
(n=26)

Without  
penetration 

or aspiration 
(n=32)

Age (yr) 66.8±10 64.3±13

Gender

  Male 15 (57) 18 (56)

  Female 11 (43) 14 (44)

Stroke type

  Hemorrhage 15 (58) 19 (59)

  Infarction 11 (42) 12 (38)

  Both 0 (0) 1 (3)

Laterality

  Left 11 (46) 13 (43)

  Right 13 (54) 13 (43)

  Both 0 (0) 4 (14)

Site of lesion

  Hemispheric 24 (92) 28 (88)

  Brainstem 2 (8) 4 (12)

Stroke severity

  Independence 1 (4) 3 (10)

  Slight dependence 1 (4) 4 (13)

  Moderate dependence 4 (17) 6 (19)

  Severe dependence 18 (75) 18 (58)

Pneumonia history

  Yes 6 (23) 8 (25)

  No 19 (73) 22 (69)

  Not reported 1 (4) 2 (6)

Feeding tube

  Yes 20 (63) 20 (63)

  No 6 (37) 12 (27)

Values are presented as mean±standard deviation or 
number (%).
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residue between the two groups. However, delayed initia-
tion of the swallow was observed significantly more in 
stroke survivors with penetration or aspiration (p=0.04). 
For the stroke survivors with penetration or aspiration, 
73% showed delayed initiation of the swallow, but for the 
stroke survivors without penetration or aspiration, just 
47% showed delayed initiation of the swallow (see Fig. 1). 
This finding indicated that stroke survivors with penetra-
tion or aspiration initiated the swallowing response more 
slowly (i.e., delayed initiation of the swallow) when the 
bolus entered the pharynx during the oral stage of swal-
lowing than those without penetration or aspiration. 

Pharyngeal dysphagia
In the pharyngeal stage, there was no significant differ-

ence in the occurrence of vallecular and pyriform sinus 
residues between the two groups. However, stroke survi-
vors with penetration or aspiration showed reduced hy-
olaryngeal elevation when compared with those without 
penetration or aspiration (p<0.01). Among stroke survi-
vors with penetration or aspiration, 88% showed reduced 
hyolaryngeal elevation, but for stroke survivors without 
penetration or aspiration, only 37% showed reduced 
hyolaryngeal elevation. This result indicates that stroke 
survivors with penetration or aspiration tend to have less 
airway protection or a reduced UES opening during the 
pharyngeal swallow (Fig. 2). 

DISCUSSION

This study divided poststroke survivors into two groups 
according to the presence of penetration or aspiration. 
These two groups of stroke survivors were compared 
based on the occurrences of clinical indicators of dys-
phagia using videofluoroscopic examination of swal-
lowing. The findings of the study showed that poststroke 
survivors with penetration or aspiration had significantly 
more occurrences of delayed initiation of the swallow 
and reduced hyolaryngeal elevation than those without 
penetration or aspiration.

Poststroke survivors showed reduced range and speed 
of oral and pharyngeal muscles. This may be because the 
swallowing of these survivors is weak due to impaired 
firing of muscle fibers caused by poststroke damage to 
neural (sensorimotor) pathways above the brainstem. It 
was shown that more than 30% of poststroke survivors 
showed weak sensory or motor control of the tongue and 
submental muscles during the oral stage of swallowing 
and subsequent penetration or aspiration [1,2]. 

Poor lip closure and bolus control had no direct rela-
tion with penetration or aspiration. These parameters of 
the oral stage of swallowing were related to sensory and 
motor skills of the lip and tongue. Lip and lingual control 
deficiencies after a stroke may be more related to anterior 
or lateral oral residues or swallowing apraxia. The results 
of this study are similar to those from previous literature 
[5]. On the other hand, poor lip closure and bolus control 
may be sole indicators of penetration or aspiration, but 
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Fig. 1. The clinical indicators of dysphagia in the oral 
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aspiration.

100

90

80

70

60

50

40

30

20

10

0
Vallecular residue

(%
)

Patients with Pen. or Asp.
Patients without Pen. or Asp.

Pyriform sinus
residue

Hyo-laryngeal
elevation

46
41

35

16

88

37

Fig. 2. The clinical indicators of dysphagia in the pharyn-
geal stage for two stroke survivor groups. Pen., penetra-
tion; Asp., aspiration.



Hyeju Han, et al.

92 www.e-arm.org

these may be related to other physiological indicators of 
dysphagia. For example, if a stroke survivor has difficulty 
in controlling the bolus in the oral cavity, the clinician 
could question the extent of tongue nerve and muscle 
damage and its association with delayed initiation of the 
swallow and reduced hyolaryngeal elevation. Tongue 
strength and coordination are critical in executing timely 
and appropriate hyolaryngeal elevation. 

Stroke survivors showing penetration or aspiration had 
significantly more occurrences of delayed initiation of 
the swallow than those who did not. This significant dif-
ference indicated that stroke survivors with penetration 
or aspiration showed less sensory and motor control of 
the posterior tongue than those in the other group. These 
results were similar to previous studies of delayed initia-
tion of the swallow [14-16]. According to the fluoroscopic 
swallowing study, poststroke survivors with penetration 
or aspiration of the bolus experience delayed initiation 
of the swallow in conjunction with premature spillage. 
The function of the velum and base of the tongue may be 
impaired, and the sealing in the posterior oral cavity is 
not adequate. In addition, if the bolus enters the airway 
before the pharyngeal stage is triggered, stroke survivors 
can undergo penetration or aspiration before the swal-
low. Therefore, premature spillage and/or delayed initia-
tion of the swallow can influence the presence of pen-
etration or aspiration. 

There was a significant difference between the two 
groups in relation to reduced hyolaryngeal elevation. 
Stroke survivors with penetration or aspiration had a 
more reduced hyolaryngeal excursion than the other 
group. According to Perlman et al. [9], aspirating patients 
showed limited and reduced elevation of the hyoid and 
larynx. Furthermore, the reduced movements of the hy-
oid and larynx could degrade protection of the airway 
and opening of the UES. Reduced laryngeal elevation 
could have a substantial effect on the presence of pen-
etration or aspiration. On the other hand, residue in the 
vallecular and pyriform sinus did not show a significant 
difference between the two groups. However, stroke 
survivors with penetration or aspiration tended to have 
more vallecular and pyriform sinus residue than the oth-
er group, indicating a similar tendency found in previous 
studies that residue of food in the pharynx raised the risk 
of aspiration [13,17,18]. Thus, it is necessary to study how 
residue of the vallecular and pyriform sinus may have an 

effect on penetration or aspiration.
In summary, this study confirmed previous findings 

relating to oral and pharyngeal indicators of penetration 
or aspiration in stroke survivors. The data of this study 
represented the ordinary fluoroscopic swallowing study 
setting in numerous hospitals of average clinical dyspha-
gia caseloads, which can shed light on practical knowl-
edge. It was our objective to ascertain whether or not 
clinical decision-making in ordinary fluoroscopic swal-
lowing studies was related to physiological indicators, 
which has been reported previously numerous times. It 
was our finding that the experienced clinicians were able 
to develop skills to make a decision on the physiological 
causes of penetration and aspiration during fluoroscopic 
swallowing studies. However, there is a question over 
how many years of clinical experiences are necessary to 
make such a decision. It is necessary to develop a train-
ing program and monitor clinicians’ knowledge and skills 
in each clinical setting in order to improve the accuracy 
of their decision-making.

During the normal swallow, the airway is protected and 
the esophagus opens before the transition of the bolus 
from oral cavity to the pharynx [19,20]. Timely and appro-
priate hyoid and larynx elevation is critical in performing 
these physiological events in safe swallowing. However, a 
stroke can have negative effects on swallowing physiology 
through reduced activation of motor and sensory cranial 
nerves and subsequent weakening of muscles in the oro-
pharynx. This damage may put stroke survivors at risk of 
penetration or aspiration due to lack of airway protection 
and reduced esophagus opening. 

This study reported that stroke survivors experienced 
various medical symptoms and signs poststroke whether 
or not they showed penetration or aspiration. Do medical 
symptoms and signs that occur after a stroke have no ef-
fect on swallowing disorders? No. In fact, there have been 
several reports that medical symptoms and signs can 
contribute to penetration and aspiration after a stroke 
[18,21-23]. This may suggest that medical symptoms and 
signs should be counted differently for each patient. It is 
difficult to find a condition to determine the presence of 
dysphagia based merely on medical records. In addition, 
each medical symptom and sign may be related to indi-
vidual physiological signs of dysphagia. Since this study 
included a small number of stroke survivors, it is neces-
sary to conduct further studies in order to examine the 
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relation between physiological measurements of swal-
lowing and medical history. 

This study has several limitations including a small 
number of subjects and a heterogeneous group of stroke 
survivors with respect to the site of lesion and stroke 
severity. In addition, more physiological indicators of 
swallowing disorders should be included to understand 
the nature of swallowing disorders. The effects of stroke 
on swallowing are multi-faceted and must be examined 
from different perspectives in future research. More reli-
able and valid physiological measurements will enhance 
the findings of this study.

Future studies should focus on the relation between 
more physiological indicators of swallowing and other 
clinical signs of dysphagia. For example, temporal and 
biomechanical measurements of swallowing have been 
shown to be reliable tools for describing disordered 
swallowing functions [12,24,25]. The finding of reli-
able clinical indicators of penetration or aspiration will 
help clinicians establish valid treatment strategies and 
follow-up plans based on risk of aspiration or penetra-
tion. There are several rehabilitation exercises such as 
the Mendelsohn maneuver and hard swallowing that 
can improve delayed initiation of the swallow and re-
duce hyolaryngeal elevation. Moreover, new treatments 
are always emerging. Compensatory strategies such as 
the chin-tuck procedure (touching the chin to the neck) 
have been demonstrated to reduce aspiration in some 
patients. More research regarding compensation for and 
rehabilitation of swallowing function specific to the clini-
cal indicators of penetration or aspiration are needed.
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