
INTRODUCTION

When viewed from the side, a healthy cervical spine 
shows C-shaped lordosis owing to the taller anterior 
compared with the posterior aspect of the vertebrae. The 

normal angle of curvature varies according to sex, age, 
and measuring methods of reporters. Various methods 
are currently used to measure the curvature of the cervi-
cal spine, including McGregor’s line and the Harrison 
posterior tangent method; however, measurement of 
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compared between the two groups.
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groups. However, the follow-up VDS scores in the cervical kyphosis group were significantly higher than those in 
the control group (p=0.04), and a follow-up study showed a tendency towards worse ASHA NOMS scores (p=0.07) 
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Cobb’s angle is the most commonly used method, which 
defines angles between 20o and 60o as normal cervical 
curvature [1].

Nevertheless, the cervical curvature gradually changes 
with age and this altered posture of the cervical spine can 
progress to cervical kyphosis, also referred to as straight 
neck or forward head posture. This is a common muscu-
loskeletal disorder in the elderly population [2]. Cervical 
kyphosis can occur as a result of iatrogenic processes or 
systemic arthritides such as degenerative disc disease, 
external trauma, neoplastic disease, infection, ankylos-
ing spondylitis, or rheumatoid arthritis; it can also occur 
without underlying diseases [3]. Cervical kyphosis can 
cause pain in the cervical spine, neuropathic pain, and 
neurologic problems such as muscle weakness, sensory 
impairment, or gait impairment due to pressure on the 
spinal cord or spinal nerve roots; in severe cases, it may 
cause tetraplegia or respiratory difficulties [1,3,4]. More-
over, several studies have reported an association with 
dysphagia [2,3]. There are reports of cervical kyphosis 
causing an acute bend in the mid-esophagus, leading to 
swallowing difficulty [5].

When cervical kyphosis is accompanied by dyspha-
gia, it may aggravate disorders of the pharynx [1]. These 
disorders also show a high incidence in stroke patients, 
separate from that of cervical kyphosis. Stroke patients 
show motor impairments of the pharynx due to delayed 
pharyngeal transit time, reduced pharyngeal contrac-
tion, and impaired coordination, and these symptoms 
are common irrespective of the affected brain region [6]. 
In particular, 21%–42% of stroke patients develop aspira-
tion problems as a result of disorders of the pharynx [7], 
which ultimately increases the incidence of nutritional 
deficiency, dehydration, and aspiration pneumonia, 
which are important factors that may reduce the quality 
of life in stroke patients.

However, if cervical kyphosis can affect the recovery 
from dysphagia in stroke patients, understanding the 
correlations between these two conditions could be im-
portant for developing rehabilitation therapy for dyspha-
gia. Therefore, we used a videofluoroscopic swallowing 
study (VFSS) in subacute stroke patients with dysphagia 
to investigate the effects of cervical kyphosis on swallow-
ing disorders and their recovery.

MATERIALS AND METHODS

Subjects
Subacute stroke patients who had experienced stroke 

within 3 months were selected to participate in this 
study, from among stroke patients with dysphagia who 
were at least 60 years of age and who were hospitalized 
at the study hospital between December 2012 and May 
2015. Only patients with first stroke, confirmed by verify-
ing the presence of cerebral infarction or hemorrhage 
with brain magnetic resonance imaging or computed to-
mography, were selected. Patients were excluded if they 
had previously undergone neck or cervical spine surgery, 
if they showed suspicious mechanical obstruction by os-
teophytes on the anterior aspect of the cervical spine or 
diffuse idiopathic skeletal hyperostosis, if a Zenker diver-
ticulum was discovered on VFSS, if dysphagia rehabilita-
tion therapy was discontinued because of complications 
such as pneumonia, or if they were intubated with an 
endotracheal tube. This study was approved by the Insti-
tutional Review Board of Dong-Eui Hospital.

Methods
This was a retrospective case-control study. Medical 

records and VFSS data were collected for all subjects 
enrolled in the study. The patients were divided into the 
cervical kyphosis and control groups on the basis of lat-
eral cervical spine radiographic images, and the extent of 
dysphagia was compared between the two groups. Base-
line VFSSs were performed in the subacute stage after 
stroke, and again at follow-up 4 weeks later. The baseline 
and follow-up results were compared between the two 
groups; the magnitude of changes between baseline and 
follow-up results within groups was also compared. Af-
ter baseline assessment, all subjects received dysphagia 
rehabilitation therapy and education, according to the 
degree of swallowing disorder, three times a week.

Cobb’s angles were measured to assess patients for cer-
vical kyphosis. Before performing the VFSS, the patients 
sat comfortably with their gaze turned 15o upward, while 
a lateral radiograph of the cervical spine was obtained. By 
using this image, Cobb’s angle was calculated between C2 
and C7. This angle was obtained by drawing a line paral-
lel to the lower endplate of C2 and another line parallel to 
the lower endplate of C7, drawing two lines orthogonal to 
each of these lines, and measuring the intersection angle 
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of the two orthogonal lines [8] (Fig. 1). Angles <20o were 
classified as cervical kyphosis. Cobb’s angle is known to 
be reliable, with a significant intraclass correlation coef-
ficient of at least 0.7 [9].

The VFSS was performed by using a modification of 
Logemann’s protocol [10]. With each patient positioned 
sideways to the camera, fluoroscopic imaging was per-
formed as the patient swallowed water, followed by pud-
ding, and then rice. Barium was diluted in water, and the 
other food items were also mixed with barium so that 
they could be observed with fluoroscopy. The VFSS was 
adapted according to the physical condition, compliance, 
and dysphagia severity of each patient.

The penetration-aspiration scale (PAS), American 
Speech-Language-Hearing Association National Out-
comes Measurement System swallowing scale (ASHA 
NOMS), and videofluoroscopic dysphagia scale (VDS) 
scores were also obtained on the basis of medical records 
and VFSS results, to compare the dysphagia severity be-
tween the two groups. The qualitative and quantitative 
results for the 14 specific items of the VDS were also com-
pared between the two groups.

The PAS was developed to observe penetration and 
aspiration, and to objectively verify the presence of aspi-
ration [11]. In this scale, 1 point indicates that food does 
not enter the airway, 2–5 points indicate penetration, 

and 6–8 points indicate aspiration. Cases that show silent 
aspiration are assigned a score of 8 points, and higher 
scores represent a higher risk of aspiration. The ASHA 
NOMS evaluates the extent of dietary function and re-
strictions in patients. The scale is graded from level 1, in 
which the patient cannot eat anything orally and obtains 
all nutrients through non-oral means, to level 7, in which 
the patient can swallow all types of nutritional foods oral-
ly, without restrictions. Lower levels signify more severe 
dysphagia [12]. The VDS grades the swallowing difficulty 
on the basis of the assessment of 14 signs observed in 
dysphagic patients during VFSSs. Higher scores indicate 
more severe dysphagia [13]. The 14 signs used in the VDS 
are divided into two phases; the oral phase consisting of 
lip closure, bolus formation, mastication, apraxia, tongue 
to palate contact, premature bolus loss, and oral transit 
time, and the pharyngeal phase consisting of reduced 
laryngeal elevation and epiglottic closure, vallecular resi-
due, pyriform sinus residue, coating of the pharyngeal 
wall after swallowing, pharyngeal delay time, pharyngeal 
transit time, and aspiration. Each sign was included in 
the analysis and compared between the two groups.

All statistical analyses were performed by using IBM 
SPSS Statistics for Windows ver. 21.0 (IBM Corp., Ar-
monk, NY, USA) and R package ver. 3.0.2 (R Foundation 
for Statistical Computing, Vienna, Austria). Fisher exact 
tests were used to investigate differences in the general 
characteristics of the two groups, and Mann-Whitney U 
tests were used to compare the PAS, ASHA NOMS, and 
VDS scores between the two groups during the baseline 
and follow-up studies, as well as to compare the two 
groups in terms of the differences in the baseline and 
follow-up scores. In addition, Fisher exact test was used 
to investigate the correlations between the two groups for 
the 14 variables in the VDS. The significance level was set 
at 0.05.

RESULTS

Patient characteristics and demographics
A total of 51 patients were included in the study (28 

men and 23 women). There were 37 patients and 14 pa-
tients with cerebral infarction and cerebral hemorrhage, 
respectively. The measurement of Cobb’s angle in lateral 
cervical radiographs showed that there were 27 patients 
(53%) with cervical kyphosis and 24 patients (47%) with 

Fig. 1. Cobb’s method for measuring cervical lordosis. 
Cervical lordotic angles (α) are measured by joining 
perpendiculars to lines drawn parallel to the lower end 
plates of C2 and C7.
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normal curvature of the cervical spine. The cervical ky-
phosis group had a mean Cobb’s angle of 8.78o±4.35o, 
and the control group had a mean Cobb’s angle of 
30.73o±4.88o. Among the patients in the cervical kypho-
sis group, 8 had an angle between 10o and 20o, 19 had an 
angle of ≤10o, and none of the patients had an angle of 
≤0o which indicated severe cervical kyphosis. There was 
no significant difference between the two groups in terms 
of the time from stroke to VFSS, age, and lesion location, 
or in the other general characteristics (Table 1). 

Differences in the dysphasia scale scores between the 
cervical kyphosis and control groups

The results of the three dysphagia scale scores for the 
two groups are presented in Table 2. In the cervical ky-
phosis and control groups, the mean baseline PAS scores 
at the first VFSS were 7.10±1.29 and 6.75±1.59, respec-
tively, whereas the PAS scores at the follow-up examina-
tion were 5.67±2.23 and 4.13±2.50 respectively, showing 
no significant differences between the two groups. Both 
groups showed improvement in the follow-up examina-
tion after 1 month; however, there was no statistically 
significant difference between the two groups in terms 
of the change from the baseline study to the follow-up 

study.
In the cervical kyphosis and control groups, the 

mean baseline ASHA NOMS scores were 2.70±1.44 and 
2.83±1.46, respectively, whereas the scores in the follow-
up examination were 3.96±1.56 and 4.67±1.55, respec-
tively. Although the difference was not significant, the 
control group tended to show a larger improvement 
(p=0.07). The change in the ASHA NOMS score between 
the baseline study and follow-up study did not show 
a statistically significant difference between the two 
groups.

The mean baseline VDS scores were 46.85±14.46 in the 
cervical kyphosis group and 40.63±12.52 in the control 
group, but there was no statistically significant difference. 
However, in the follow-up examinations, the VDS scores 
were 33.7±14.24 and 25.92±14.66, respectively, showing a 
statistically significant improvement in the control group 
(p=0.04). Nevertheless, the change in scores between the 
first and the follow-up studies did not show a statistically 
significant difference between the two groups.

VDS differences between the cervical kyphosis and 
control groups

The comparison of the presence or absence of the 14 

Table 1. Demographic and clinical characteristics

Characteristic Control group (n=24) Cervical kyphosis group (n=27) p-value
Cobb’s angle (o) 30.73±4.88 8.78±4.35

   ≥20o and ≤40° 24 0

   <20o 0 8

   <10o 0 19

   <0o 0 0

Age (yr) 71.75±7.12 74±6.85 0.54

   <70 9 7

   70–79 13 15

   ≥80 2 5

Sex (male:female) 13:11 15:12 0.57

Stroke type (ischemic:hemorrhagic) 18:6 19:8 0.48

Stroke laterality (right:left:bilateral) 9:11:4 11:15:1 0.33

Stroke location 0.44

Cortex 7 4

Subcortex 14 20

Brainstem 3 3

Days from stroke to first study 50.08±38.3 48.3±23.6 0.53

Values are presented as mean±standard deviation or number. 
Statistically significant as p<0.05.
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VDS items in the baseline examination showed that the 
cervical kyphosis group had a significantly higher inci-
dence of problems related to mastication and coating 
of the pharyngeal wall after swallowing than the control 
group (Table 3). There were no statistically significant dif-
ferences in any of the other signs. In the follow-up exami-
nation, although both groups showed improvements in 
coating of the pharyngeal wall after swallowing, there was 
still a significantly higher frequency of coating problems 
in the cervical kyphosis group than in the control group. 
In addition, although aspiration did not differ signifi-
cantly between the two groups in baseline examinations, 
its frequency was significantly higher in the cervical ky-
phosis group during follow-up examinations, suggesting 
that aspiration did not resolve well in patients with cervi-
cal kyphosis.

DISCUSSION

In the present study, we investigated stroke patients 
with cervical kyphosis to determine the effect of kyphosis 
on swallowing function. Cervical kyphosis was identified 
in 53% of the study participants. Although the patients 
with cervical kyphosis did not show large differences 
from the control group soon after stroke, the rate of re-
covery from dysphagia was worse than that in the control 
group after 4 weeks. In particular, the risk of aspiration 
persisted in the cervical kyphosis group, indicating that 
care must be taken to avoid aspiration during the early 
stages after stroke in patients with cervical kyphosis.

Modern lifestyle patterns and aging have led to a 
gradual increase in the rate of degenerative changes to 
the cervical spine. Degenerative cervical spine disease 
occurs during the lifetime in more than two-thirds of the 
overall population [14]. Although the precise prevalence 
of degenerative cervical kyphosis has not been reported, 
one study reported that the prevalence of cervical kypho-
sis was 66% in a population of typical 30- to 50-year-old 
adults [15]. Although the subjects in this study were re-
stricted to stroke patients with dysphagia, a comorbidity 
rate of 53% was observed, demonstrating the high preva-
lence of cervical kyphosis.

Cervical kyphosis can cause various neurologic prob-
lems, and in severe cases, it may be accompanied by 
quadriplegia or sensory impairments as a result of spinal 
cord or nerve root compression. It can also cause dif-
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Table 3. Comparison of the 14 signs used in the videofluoroscopic dysphasia scale between the cervical kyphosis and 
control groups

Baseline Follow-up

Control 
group

Cervical 
kyphosis 

group
p-value

Control 
group

Cervical 
kyphosis 

group
p-value

Lip closure 1.00 1.00

      Intact 23 (46.94) 26 (53.06) 24 (48) 26 (52)

      Inadequate 1 (50) 1 (50) 0 (0) 1 (100)

Bolus formation 0.13 0.16

      Intact 6 (75) 2 (25) 7 (70) 3 (30)

      Inadequate 18 (41.86) 25 (58.14) 17 (41.46) 24 (58.54)

Mastication 0.04* 0.25

      Intact 14 (53.85) 12 (46.15) 14 (41.18) 20 (58.82)

      Inadequate 7 (31.82) 15 (68.18) 10 (58.82) 7 (41.18)

      None 3 (100) 0 (0) 0 0

Apraxia 0.86 0.42

      None 12 (42.86) 16 (57.14) 15 (40.54) 22 (59.46)

      Mild 6 (54.55) 5 (45.45) 7 (63.64) 4 (36.36)

      Moderate 5 (45.45) 6 (54.55) 2 (66.67) 1 (33.33)

      Severe 1 (100) 0 (0) 0 (0) 0 (0)

Tongue to palate contact 0.28 1.00

      Intact 6 (66.67) 3 (33.33) 10 (47.62) 11 (52.38)

      Inadequate 18 (42.86) 24 (57.14) 14 (46.67) 16 (53.33)

Premature bolus loss (%) 0.97 0.68

      None 9 (47.37) 10 (52.63) 8 (40) 12 (60)

      <10 3 (50) 3 (50) 11 (55) 9 (45)

      10–50 8 (42.11) 11 (57.89) 5 (50) 5 (50)

      >50 4 (57.14) 3 (42.86) 0 (0) 1 (100)

Oral transit time (s) 0.78 0.36

      ≤1.0 12 (50) 12 (50) 15 (41.67) 21 (58.33)

      >1.0 12 (44.44) 15 (55.56) 9 (60) 6 (40)

Residue on the valleculae (%) 0.64 0.29

      None 3 (60) 2 (40) 7 (70) 3 (30)

      <10 8 (57.14) 6 (42.86) 10 (47.62) 11 (52.38)

      10–50 9 (37.5) 15 (62.5) 6 (33.33) 12 (66.67)

      >50 4 (50) 4 (50) 1 (50) 1 (50)

Reduced laryngeal elevation 
  and epiglottic closure

1.00 0.27

      No 8 (47.06) 9 (52.94) 14 (56) 11 (44)

      Yes 16 (47.06) 18 (52.94) 10 (38.46) 16 (61.54)

Residue in the pyriform sinuses (%) 1.00 1.00

      None 13 (48.15) 14 (51.85) 19 (48.72) 20 (51.28)

      <10 6 (42.86) 8 (57.14) 3 (42.86) 4 (57.14)

      10–50 3 (50) 3 (50) 2 (40) 3 (60)

      >50 2 (50) 2 (50) 0 (0) 0 (0)
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ficulties with the anterior gaze, dysphagia, and difficulty 
in breathing [4]. A study performed in 2003 investigated 
78 patients who underwent surgery after a diagnosis of 
symptomatic cervical spine instability or cervical kypho-
sis, and it reported that 10 patients had dysphagia before 
surgery as a result of severe cervical kyphosis [16]. Al-
though none of the participants in the present study had 
severe cervical kyphosis, the results confirmed that even 
non-severe cervical kyphosis in subacute stroke patients 
could negatively affect the recovery of the swallowing 
function.

The primary cause of cervical kyphosis-related pha-
ryngeal disorders is thought to be weakening of the deep 
cervical flexors (DCFs). In other words, cervical kyphosis 
may have caused weakening of the deep cervical neck 
muscles before the stroke. Even if the kyphosis was not 
severe enough to cause dysphagia before the stroke, 
weakness of the pharyngeal muscles may have led to 
more severe impairment of swallowing function after 
stroke, and ultimately impaired the recovery of patients.

DCFs are a group of muscles on the front side of the 
cervical spine that act to stabilize the head-on-neck pos-
ture. DCFs consist of the following muscles: rectus capitis 
anterior, rectus capitis lateralis, longus capitis, and lon-

gus colli. Although the DCFs are adjacent to the pharynx, 
none of the studies have reported a clear association be-
tween the DCFs and dysphagia. However, the DCFs play 
an important role in maintaining the curvature of the 
cervical spine and regulating intervertebral movement. 
It is well-known that the DCFs are weakened in cervical 
kyphosis [17,18]. Although the DCFs do not play a major 
role in swallowing function, a review article on dysphagia 
related to cervical and postural disorders suggested that 
weakening of the DCFs (longus colli and longus capitis) 
could cause problems in the swallowing process [1]. In 
particular, the longus colli muscle stabilizes the cervi-
cal spine during talking, coughing, and swallowing, and 
weakening of this muscle reduces stability during swal-
lowing [19].

The role of the DCFs can also be considered in relation 
to the effectiveness of the Shaker exercise in patients with 
pharyngeal dysphagia. The Shaker exercise prevents aspi-
ration during swallowing by strengthening the suprahy-
oid and infrahyoid muscles, thus increasing the anterior 
excursion of the pharynx to maximize the anteroposte-
rior diameter and also increasing the cross-sectional area 
of the upper esophageal sphincter opening [20,21]. Al-
though the purpose of the Shaker exercise is to strength-

Table 3. Continued

Baseline Follow-up

Control 
group

Cervical 
kyphosis 

group
p-value

Control 
group

Cervical 
kyphosis 

group
p-value

Coating of the pharyngeal wall 
  after swallowing

0.01* 0.02*

      No 15 (68.18) 7 (31.82) 21 (58.33) 15 (41.67)

      Yes 9 (31.03) 20 (68.97) 3 (20) 12 (80)

Pharyngeal delay time (s) 0.57 0.53

      ≤0.5 16 (51.61) 15 (48.39) 16 (43.24) 21 (56.76)

      >0.5 8 (40) 12 (60) 8 (57.14) 6 (42.86)

Pharyngeal transit time (s) 0.61 1.00

      ≤1.0 23 (48.94) 24 (51.06) 24 (48) 26 (52)

      >1.0 1 (25) 3 (75) 0 (0) 1 (100)

Aspiration 0.79 0.00*

      None 1 (100) 0 (0) 7 (58.33) 5 (41.67)

      Supraglottic penetration 2 (50) 2 (50) 7 (100) 0 (0)

      Subglottic aspiration 21 (45.65) 25 (54.35) 10 (31.25) 22 (68.75)

Values are presented as number (%).
*p<0.05.
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en the submental muscles including the suprahyoid and 
infrahyoid muscles, previous studies reported that DCFs 
including longus colli, longus capitis and rectus capitis 
were also activated during the Shaker exercise [22,23]. In 
fact, the posture during the Shaker exercise is similar to 
that during the exercises that strengthen the DCFs. In a 
supine position, after flexing the head and neck towards 
the chest (chin to chest), the patient performs isometric 
holding; thus, strengthening the longus colli and longus 
capitis in a manner similar to combined craniocervi-
cal flexion with cervical flexion or the Shaker exercise 
[24]. On the contrary, the DCF exercises strengthen the 
submental muscles as well as deep neck flexors like the 
Shaker exercise. The short neck flexion exercise has been 
reported to effectively strengthen the suprahyoid, infra-
hyoid, longus capitis, and rectus capitis lateralis muscles 
[25]. However, the evidence about the effects of DCF on 
swallowing function is not sufficient; hence, further in-
vestigations are necessary to evaluate the direct effects of 
DCF exercise on recovery from swallowing dysfunction in 
stroke patients.

It is also possible that cervical kyphosis causes weaken-
ing of the pharyngeal muscles themselves. In the cur-
rent study, the presence of pharyngeal wall coating was 
observed significantly more frequently in the cervical 
kyphosis group during both baseline and follow-up ex-
aminations. This finding indicates weakness of pharyn-
geal muscles in stroke patients with cervical kyphosis. 
Pharyngeal wall coating is related to pharyngeal stasis, 
which is the main cause of aspiration. Although there 
was no difference between the two groups in terms of 
residue, the frequency of pharyngeal wall coating was in-
creased in the cervical kyphosis group due to weakening 
of the pharyngeal muscles. If this causes food to remain 
on the posterior surface of the hypopharynx or the epi-
glottis, the food can enter the trachea during breathing as 
a result of gravity or the milking action of the arytenoids 
[4]. This may be related to the continued presence of as-
piration at follow-up in a large number of patients in the 
cervical kyphosis group in the current study. However, 
none of the studies have reported that cervical kyphosis 
causes weakening of the pharyngeal muscles; thus, it is 
difficult to elucidate the exact mechanism. The contrac-
tion of the pharyngeal muscles is likely to be affected by 
the neck position; if this continues over a long period, it 
may cause gradual weakening of the pharyngeal muscles. 

In the future, this relationship should be evaluated more 
clearly through electrodiagnostic studies of the pharyn-
geal muscles in patients with cervical kyphosis.

Meanwhile, the current study demonstrated that aspira-
tion persists in stroke patients with cervical kyphosis; this 
is a highly important discovery, as aspiration increases 
the risk of pneumonia. Therefore, it is essential to treat 
kyphosis in addition to performing swallowing rehabili-
tation therapy in patients with cervical kyphosis. In addi-
tion, indirectly strengthening the suprahyoid and infra-
hyoid muscles as well as the longus capitis, longus colli, 
and the other DCFs through exercises such as the Shaker 
exercise may more effectively treat delayed recovery from 
dysphagia due to cervical kyphosis. The DCF strength-
ening exercises described above could further improve 
recovery from dysphagia. Although the Shaker exercises 
are already known to be effective in stroke patients, their 
effectiveness might be further increased by dividing 
stroke patients into groups based on cervical kyphosis 
in order to investigate the effects of muscle strengthen-
ing exercises on kyphosis. In addition, the usefulness of 
current treatment methods for cervical spine alignment, 
including the cervical extension-traction method and the 
Denneroll cervical orthotic device [26,27], should also be 
investigated in dysphagia.

The current study has several limitations. First, the 
number of subjects was not large, and none of the pa-
tients had severe cervical kyphosis. This limited the 
ability of the current study to clearly ascertain the rela-
tionship between cervical kyphosis and dysphagia. Ad-
ditional studies among patients with a more varied range 
of cervical kyphosis are necessary. In addition, because 
only stroke patients with dysphagia were recruited into 
this study, it was difficult to determine the prevalence of 
cervical kyphosis among all stroke patients. Furthermore, 
it was difficult to make detailed comparisons according 
to the severity or the chronicity of stroke; additional stud-
ies with more patients may be helpful in better under-
standing the relationship between cervical kyphosis and 
dysphagia in stroke patients. Finally, it was not possible 
to investigate the effects of kyphosis treatment together 
with swallowing rehabilitation treatment in the patient 
group with cervical kyphosis; future studies are necessary 
to compare the effects of this treatment plan.

In conclusion, a considerable number of stroke patients 
had cervical kyphosis at the time of stroke; in these pa-
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tients, the recovery of swallowing function, especially 
pharyngeal function, was impaired compared with that 
in patients without kyphosis. Therefore, the results of this 
study demonstrate the need for early, detailed observa-
tions of the degree of cervical kyphosis in patients who 
experience swallowing difficulties due to stroke. Addi-
tional research is necessary to determine how strength-
ening the DCFs and other neck muscles helps in recovery 
from swallowing difficulties in patients with dysphagia 
accompanied by cervical kyphosis. This information 
could be significantly beneficial for developing swallow-
ing rehabilitation therapy.
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