
INTRODUCTION

Globally, stroke is a major cause of potential life lost 

[1]. In addition to the increased mortality associated with 
stroke, up to 37%–45% of stroke patients experience dys-
phagia [2]. Swallowing is a complex sensorimotor pro-
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Objective  To verify the pharyngeal width at rest as a measurement that could be used to assess changes in the 
degree of dysphagia over time in stroke patients.
Methods  In a cohort of stroke patients, we performed serial measurements of the pharyngeal width at the 
midpoints of the second (C2) and third (C3) cervical vertebral bodies using lateral neck X-rays while the patients 
were at rest. The JOSCYL width, a parameter named after the first initial of each developers’ surname and defined 
as the average value of the upper and lower pharyngeal widths, was used to formulate the JOSCYL scale, which was 
calculated as the JOSCYL width × 100/neck circumference. All patients also underwent serial videofluoroscopic 
swallowing studies (VFSSs). The Spearman correlation analysis was used to detect correlations between the serial 
VFSS results, JOSCYL widths, and JOSCYL scale values. 
Results  Over time, we observed significant positive and negative correlations of change in the JOSCYL width and 
scale with changes in the Penetration-Aspiration Scale and the Dysphagia Outcome and Severity Scale scores, 
respectively. 
Conclusion  The JOSCYL width and JOSCYL scale clearly reflected changes in dysphagia in stroke patients over 
time. These parameters may provide an easier method for evaluating whether post-stroke dysphagia has been 
alleviated. 
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cess, and dysfunction in any of the involved muscles and 
cranial nerves can lead to malnutrition, dehydration, and 
in severe cases, mortality due to aspiration and conse-
quent pneumonia [3]. Physicians must, therefore, moni-
tor the current degree of dysphagia, objectively identify 
changes in this condition over time, and select a dietary 
plan compatible with these changes [4].

The videofluoroscopic swallowing study (VFSS), a pri-
mary clinical evaluation tool, is currently considered the 
gold-standard clinical assessment method for dysphagia 
[5]. However, the VFSS can cause discomfort for patients 
who have difficulty positioning themselves upright or 
are not able to follow verbal commands for the study [6]. 
These challenges highlight the need for additional means 
of observing changes in the level of dysphagia for stroke 
patients.

Correct swallowing action requires the pharynx to re-
ceive signals from a homotopic corticobulbar connection 
[7,8]. An injured corticobulbar connection or brainstem 
lesion after stroke would theoretically weaken the ability 
of the pharynx to constrict. In such cases, the pharyngeal 
width at rest might be wider than normal, which could 
place the patient at risk of aspiration. Our previous study 
showed that aspiration tended to occur in patients with 
increased pharyngeal widths following stroke with the 
optimal cutoff 17.8 mm of the JOSCYL width for predict-
ing aspiration in the whole stroke group [9], and that sim-
ilar trends also occurred in certain populations, with the 
optimal cutoff  20.0 mm of JOSCYL width in the elderly 
dysphagia group [10]. In another study, the patients with 
Parkinson’s disease exhibited larger pharyngeal areas 
compared to healthy adult peers, which were associated 
with penetration or aspiration during swallowing [11]. 
The JOSCYL width (named using the initials of the de-
velopers’ surnames), the average of the two pharyngeal 
widths in one person, was designed to simply represent 
the pharyngeal area. To correct for the possible effect 
each person’s neck size could have on pharyngeal widths, 
we devised the JOSCYL scale (JOSCYL width × 100/neck 
circumference).

We hypothesized that the pharyngeal muscle constric-
tion might increase as the stroke patient progresses from 
the acute phase to the subacute phase, which might lead 
to a decrease in pharyngeal width, lowering aspiration 
tendency. In this study, we observed changes in the pha-
ryngeal width over the time following stroke onset and 

determined whether this parameter could be applied as 
a simple and effective measure to evaluate whether dys-
phagia has been alleviated in a stroke patient.

MATERIALS AND METHODS

Participants and clinical assessment
Between January 1, 2017, and March 31, 2019, 783 pa-

tients with stroke underwent the VFSSs at the Depart-
ment of Physical Medicine and Rehabilitation in the 
university hospital in a prospective collection of data. 
Included, were 45 patients with acute stroke who met the 
following inclusion criteria: (1) the first stroke in their 
lifetime, (2) a clinical stroke diagnosis confirmed by com-
puted tomography (CT) or magnetic resonance imaging 
(MRI) of the brain, (3) an alert mental status, and (4) the 
first VFSS performed within 30 days after the stroke onset 
with follow-up testing over 30 days after the stroke onset. 
The following exclusion criteria were also applied: (1) a 
previous neck surgery, (2) a history of tracheostomy (3) 
oro-nasopharyngeal cancer, (4) oral dysphagia that limits 
VFSS, and (5) esophageal dysphagia confirmed by VFSS. 
The age, sex, height, weight, and neck circumference 
were recorded for all participants (Table 1).

All aspects of the study, including enrollment, clinical 

Table 1. Clinical characteristics of the participants (n=45)

Characteristic Value
Sex 

   Male 31

   Female 14

Age (yr) 70.2±12.7

Height (cm) 163.3±7.3

Weight (kg) 59.4±10.1

Neck circumference (cm) 35.7±2.8

Stroke type

   Ischemic 25

   Hemorrhagic 20

Stroke location

   Cerebrum 25

   Cerebellum   3

   Brainstem   6

   SAH 11

Values are presented as mean±standard deviation.
SAH, subarachnoid hemorrhage.
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assessment, VFSS, and statistical analysis protocols, were 
approved by the local Institutional Review Board of Hal-
lym University Sacred Heart Hospital (No. 2017-I040). 
Written informed consent was obtained from all partici-
pants. This clinical trial was registered with the Clinical 
Research Information Service (CRIS), a primary registry 
associated with the World Health Organization (WHO) 
International Clinical Trials Registry Platform (ICTRP) 
(CRIS registration number: KCT0002352).

JOSCYL width, JOSCYL scale, and objective dysphagia 
grading

Three physicians performed the VFSSs (Fig. 1) after 
acquiring lateral neck X-rays. To reduce head and neck 
movement, one physician ensured that the participant’s 
head remained in a straight position during the lateral 
neck X-ray. Subsequently, the participant’s neck was ro-

tated, and the bilateral mandible lines were aligned for 
fluoroscopy. Specifically, the perpendicular lines A and B 
originated from the posterior pharyngeal wall and were 
located at positions corresponding to the midpoints of 
C2 and C3, respectively (Fig. 2). Line A was positioned 
around the lower margin of the mandible, while line B 
was positioned around the epiglottis. We used the default 
measurement program to determine the lengths (mm) of 
lines A and B on the screen directly connected with the 
fluoroscopy device. The average of the two pharyngeal 
widths ([A+B]/2) was designated the JOSCYL width. We 
then measured the neck circumference and calculated 
the JOSCYL scale.

Subsequently, each participant underwent a swallow-
ing study. To stabilize their anatomical position, each 
participant initially sat laterally and was observed for 4–5 
seconds. Three types of materials with different viscosi-
ties (25 mm, 55 mm, and 10 mm for semisolid, water, 
and solid, respectively) were tested [12]. A radiopaque 
material (barium sulfate, 960 mg/g; Solotop HD, Taejoon 
Pharm Co., Seoul, Korea) was administered with incre-
mental increases in bolus volume and texture according 
to the participant’s tolerance [13,14]. For the semisolid 
test, barium was mixed with yogurt to a concentration 
of 40% w/v, and two tests were conducted with 2 mL and 
5 mL volumes. For the water test, barium was diluted in 
water to yield a concentration of 20% w/v, and three tests 
were conducted with volumes of 2, 5, and 15 mL [15,16]. 
During the third step of the water test, the participants 
were allowed to self-administer water from a cup. For the 
solid test, a liquid thickener (Yeon-ha New EG; Blue Bio 
S, Gwangju, Korea) was mixed with water in a 1:1 ratio 
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Fig. 2. Determination of the JOSCYL 
width on the cervical X-ray. This 
value was calculated as the aver-
age of two pharyngeal widths, A 
and B. The perpendicular lines A 
and B originated from the posterior 
pharyngeal wall at the positions 
corresponding to the midpoints of 
the second and third cervical ver-
tebral bodies, respectively. Lines A 
and B were positioned around the 
lower margin of the mandible and 
around the epiglottis, respectively. 

VFSS

Solid test

(13 mm)

VFSS

Water tests

(1st, 2 mL; 2nd, 5 mL; 3rd, 15 mL)

VFSS

Semisolid tests

(1st, 2 mL; 2nd, 5 mL)

Lateral neck X-ray
(JOSCYL width & JOSCYL scale)

Demographic data:
Neck circumference,
Height, Weight, etc.

Lateral neck X-ray
JOSCYL width
JOSCYL scale

VFSS:
PAS*, DOSS*

Fig. 1. Flow chart of the analytical process. Lateral cervi-
cal spine X-rays were taken prior to the videofluoroscopic 
swallowing study (VFSS), which used three types of ma-
terials with different viscosities. PAS, Penetration-Aspira-
tion Scale; DOSS, Dysphagia Outcome and Severity Scale.
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and formed into a ball with a diameter of approximately 
13 mm. The solid test was performed once [17] and was 
not performed if the participant was unable to eat a solid 
diet because of dental problems. Three physicians who 
were blinded to the JOSCYL width data determined the 
Penetration-Aspiration Scale (PAS) [18] and the Dyspha-
gia Outcome and Severity Scale (DOSS) scores [19] while 
watching recorded videos of the VFSS. The physicians 
chose the worst score of each participant’s PAS and DOSS 
scores regardless of the type of material used. Each par-
ticipant also underwent a second test according to the 
above process at a later point.

Statistical analysis
We used G*Power Analysis (Version 3.1.9.2) to obtain 

the minimum number of the sample size required to 
achieve statistical significance and found that at least 34 
patients were needed to have a power of 80% at a signifi-
cance level of 0.05. We derived the JOSCYL widths and 
PAS and DOSS scores from all the patients in our study 
group who underwent multiple VFSSs. We then used a 
paired t-test to compare the first and serial JOSCYL width 
(A, A’), JOSCYL scale (B, B’), PAS (C, C’), and DOSS (D, D’) 
values of patients within this group. Differences between 
the first and serial values in each category were then 
calculated for each patient (ΔA=A’–A, ΔB=B’–B, ΔC=C’–
C, ΔD=D’–D). Finally, the correlations of ΔA and ΔB with 

ΔC and ΔD were analyzed using a Spearman correlation 
analysis. Statistical significance was defined as a p-value 
of <0.05 and a confidence interval (CI) of >95% using 
SPSS version 24.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Participant Characteristics
The participants’ demographic data are shown in Table 

1. Forty-five patients included 31 men and 14 women, 
with an average age of 70.2±12.7 years. Twenty-five and 
20 patients had ischemic and hemorrhagic strokes, re-
spectively. Regarding lesion location, 25, 3, and 6 patients 
had cerebral, cerebellar, and brainstem lesions, respec-
tively. Eleven patients had a subarachnoid hemorrhage.

JOSCYL width and scale and VFSS parameters
The first and second assessments were performed at 

an average of 16.9±6.4 and 110.7±175.9 days post-stroke, 
respectively. The follow-up JOSCYL width and scale val-
ues were significantly lower than the respective initial 
values (p<0.05 for both) (Table 2). Similarly, the follow-
up PAS scores were lower than the initial scores (p<0.01). 
Conversely, the follow-up DOSS scores were significantly 
higher than the initial scores (p<0.05). Significant posi-
tive linear correlations were observed between changes 
in the PAS scores and changes in the JOSCYL widths and 
scales over time (r=0.563, p<0.01 and r=0.571, p<0.01, re-
spectively), while significant negative linear correlations 
were observed between changes in the DOSS scores and 
changes in the JOSCYL widths and scales over time (r=-
0.510, p<0.01 and r=-0.507, p<0.01, respectively) (Table 3, 
Fig. 3).

DISCUSSION

A large number of patients with acute stroke experience 
difficulty swallowing. The standard practice for the man-
agement of patients with dysphagia includes obtaining 
comprehensive clinical and instrumental evaluations. 
Although the VFSS is considered among the most reli-

Table 2. Changes in JOSCYL and swallowing scale values 
over time 

1st VFSS 2nd VFSS p-value
JOSCYL width (mm) 18.23±0.90 16.85±0.90 <0.05

JOSCYL scale 5.1±1.6 4.7±1.6 <0.05

PAS 6.20±2.26 4.49±2.79 <0.01

DOSS 3.64±1.32 4.18±1.40 <0.05

Values are shown as means±standard deviations.
VFSS, videofluoroscopic swallowing study; PAS, Penetra-
tion-Aspiration Scale; DOSS, Dysphagia Outcome and 
Severity Scale.

Table 3. Correlations between the changes (∆) in JOSCYL 
width and scale over time with changes in VFSS param-
eter scales over time

∆PAS ∆DOSS
∆JOSCYL width 0.563 (p<0.01) -0.510 (p<0.01)

∆JOSCYL scale 0.571 (p<0.01) -0.507 (p<0.01)

Values are presented as correlation coefficient.
VFSS, videofluoroscopic swallowing study; PAS, Penetra-
tion-Aspiration Scale; DOSS, Dysphagia Outcome and 
Severity Scale.
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able tests for confirming the degree of dysphagia [20,21], 
this test may cause discomfort to patients who have dif-
ficulty achieving a specific posture for it. Accordingly, 
some previous studies used simple lateral neck X-rays as 
an alternative method of dysphagia evaluation. Kendall 
and Leonard [22] observed that patients with dysphagia 
had a larger pharyngeal area at maximal contraction, 
which suggested poor pharyngeal contraction and was 
associated with an increased number of aspiration cases. 
Stokely et al. [23] reported a correlation of an increased 
pharyngeal area at maximal contraction with increased 
post-swallowing residue in the valleculae and pyriform 
sinuses. Molfenter et al. [24] found that increasing pha-
ryngeal lumen volume by pharyngeal muscle atrophy 
in aging was significantly related to worse pharyngeal 
constriction and vallecular residue. In other words, those 
studies attribute aspiration to an increased pharyngeal 
area caused by pharyngeal muscle weakness. Accord-
ingly, we measured the JOSCYL width, the pharyngeal 
width at rest, and found previously that both the absolute 
JOSCYL width and scale were valuable indicators of the 
risk of aspiration after stroke.

The premise of our previous articles was that if stroke 
lesions could injure corticobulbar connections, the mus-
cle tone of the pharyngeal constrictors might decrease, 
and the pharyngeal width may increase [9]. In the pres-
ent study, we aimed to use changes in the JOSCYL width 
and scale over time to confirm they have value as an easy 
method for monitoring changes in dysphagia in stroke 
patients. To achieve this aim, we hypothesized that the 
pharyngeal width would decrease as the muscle tone re-
covered over time. Notably, our results revealed that the 
change in the JOSCYL width over time exhibited positive 
and negative correlations with the changes in the PAS 
scores and DOSS scores over time, respectively. In other 
words, serial observations in the JOSCYL width over time 
may provide a simple follow-up method that will en-
able clinicians to select an appropriate diet for the stroke 
patient. In addition, clinicians can use these changes to 
plan to apply functional electrical stimulation to patients’ 
necks in order to recover from decreased muscle tone.

Checking the changes in JOSCYL width and scale over 
time would not be sufficient on their own for clinical 
decision-making regarding the next steps in dysphagia 
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Fig. 3. Analysis of correlations between changes in the JOSCYL width (A) and JOSCYL scale (B) over time and changes 
in the dysphagia scale scores over time. The JOSCYL width and scale correlated positively with the Penetration-Aspi-
ration Scale (PAS) scores and negatively with the Dysphagia Outcome and Severity Scale (DOSS) scores over time. All 
correlations were significant.
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management for stroke patients. Specific diet recommen-
dations, therapeutic exercises, and compensatory strate-
gies must be based on a careful physiological assessment; 
however, it is important to note that the JOSCYL values 
may be one of several significant indicators that can as-
sess the recovery of swallowing disorders.

There are no specified rules regarding the interval be-
tween the two VFSSs in this study because the first VFSSs 
included patients who were admitted to the acute stroke 
unit in the university hospital where our researchers be-
longed, and the second VFSSs usually included subacute 
or chronic stroke patients who were referred from other 
hospitals. Although the time between the two tests could 
not be adjusted uniformly, this study did not examine the 
change of swallowing according to the intervals between 
the two VFSSs, but rather the relation of the changes in 
pharyngeal width to the changes in swallowing between 
each test.

This study had some limitations. First, this study was 
limited by the patient heterogeneity in terms of the le-
sion sites, as well as the patient sample containing cases 
with corticobulbar connection problems, direct injuries 
to cranial nuclei related to swallowing function, and so 
on. If these cases are studied separately, results may dif-
fer, so further research is needed. Second, all participants 
were of Asian ethnicity. Therefore, it is unclear whether 
our results can be generalized for other ethnic groups. 
Third, the dysphagia therapies between the first VFSS 
and second VFSS of each patient could not be controlled 
since the second VFSSs included patients from various 
hospitals. Different dysphagia therapies could have influ-
enced the results of the second VFSSs. Finally, the VFSS 
had to be discontinued at different levels of the testing 
for some patients due to the risk of aspiration pneumo-
nia; therefore, it was impossible to obtain each PAS and 
DOSS value for the different dietary materials. The PAS 
and DOSS scores used in this study were the worst scores 
out of each participant’s PAS and DOSS scores regardless 
of the type of material. Further studies involving larger 
samples, homogenic stroke profile, multi-ethnic popula-
tions, and controlled dysphagia therapy between VFSSs 
are needed to determine whether changes in the JOSCYL 
width over time are truly reflective of the dysphagic con-
dition.

In conclusion, we have demonstrated that changes in 
the JOSCYL width over time correlated positively and 

negatively with changes in the PAS and DOSS scores, re-
spectively. Our findings suggest that the JOSCYL width 
and scale may be useful tools for evaluating serial chang-
es in the dysphagic conditions of stroke patients, regard-
less of the duration of disease, and it may be a significant 
step towards beginning to make diet recommendations 
identifying the current level of swallowing without com-
plex instrumental exams.
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