
Swallowing is a complex, coordinated, sequential, sensorimo-
tor mechanism that has both voluntary and autonomic compo-

nents [1,2]. It includes four phases: oral preparatory, oral transit, 
pharyngeal, and esophageal. The oral phases are volitional. Swal-
lowing is influenced by anatomical characteristics, behavior, the 
integrity of the muscles and nerves involved, age, and sex [3,4].

Upper esophageal sphincter (UES) refers to the high-pressure 
zone located in between the pharynx and the cervical esopha-
gus. The physiological role of this sphincter is to protect against 
reflux of food into the trachea and lungs and to prevent air from 
entering the esophagus and stomach. The cricopharyngeus and 
the thyropharyngeus muscles form the posterior and lateral parts 
of the UES. The cricoid cartilage forms the anterior part. The 
cricopharyngeus muscle maintains a resting tone and is able to 
stretch and open by distracting forces, such as swallowing. The 
opening of the UES involves relaxation of cricopharyngeus and 
thyropharyngeus muscles and forward movement of the larynx 
by the contraction of hyoid muscles. The UES function is con-
trolled by a variety of reflexes that involve afferent inputs to the 
motor neurons innervating the sphincter. Inability of the sphinc-
ter to open leads to difficulty in swallowing [5,6].

Dysphagia is a common symptom with diverse etiologies re-
ferring to disorders of the process of swallowing food or fluids 
[7]. It is reported in 5–8% of the general population of elderly 
people and is often accompanied by multiple complications, 
including aspiration pneumonia, malnutrition, dehydration, and 
weight loss [8,9]. Although problems with swallowing do not 
always lead to health issues, they often affect quality of life. 
Dysphagia may result from oropharyngeal or esophageal dys-
function, and according to a pathophysiological perspective, 
from structure-related or functional causes [8].

Swallowing differences between men and women have been 
evaluated by numerous studies, with many reports of anatomi-
cal and functional differences [4,10-12]. Some authors reported 
decreased peristalsis and increased reflux-related esophageal 



motility disorders in men compared to women [13]. Other 
authors demonstrated open UES for a longer time in women 
than in men [3,9,11,14]. Women were found to have a slower 
swallowing velocity, smaller volume capacity in each swallow, 
and earlier onset and longer laryngeal closure during swallow-
ing [10,15,16]. Most of these studies assessed the physiological 
sex differences. However, sex discrepancies in symptomatic pa-
tients have not been studied frequently.

Videofluoroscopy is considered the gold standard technique 
for instrumental assessment of oropharyngeal dysphagia [16-
18]. It is a widely used and accepted technique to view swallow-
ing difficulties. It can help identify treatment options to improve 
a patient’s ability to eat and quality of life. Videofluoroscopy 
allows the clinician to view all phases of the swallowing process 
in real-time, including interactions between the components of 
the upper digestive system. 

In this study, we compared the swallowing performance of 
men and women with dysphagia using videofluoroscopy and 
evaluated the effect of physiological differences in patients with 
dysphagia. 

The study was approved by the local institutional review board 
and was performed in accordance with the ethics standards laid 
down in the 1964 Declaration of Helsinki and its later amend-
ments or comparable ethical standards. Approval number: 0163-
14-MMC. Informed consent was waived due to the retrospec-
tive study design. 

This retrospective analysis evaluated patients treated at the Dys-
phagia Clinic at Meir Medical Center, a tertiary referral center, 
from 2010 to 2013. Included were both men and women with 
dysphagia older than 16 years of age who were referred to the 
Dysphagia Clinic for further investigation and treatment. Patients 
had had a complete dysphagia assessment, including medical his-
tory, physical examination with fiberoptic nasopharyngoscopy, 
and recorded videofluoroscopy. Excluded were children younger 
than 16 years of age and those with incomplete records.

Participants were divided by sex into two groups. Age, medical 
history, subjective swallowing assessment, clinical swallowing 
assessment, and videofluoroscopic swallow study results were 
reviewed. Videofluoroscopic examinations were performed by 
a speech pathologist (AN) and an otolaryngologist (FK). 

For videofluoroscopy, we used the Arcomax radiologic in-
strument (model BV 300, Phillips, Veenpluis, Netherlands) and 
a digital image processing system (model EDSR, Ever Focus, 

100 V1.2, Taipei, Taiwan) with a DVR (Ever Focus) monitor, 
run at 60 frames/sec, with a clock to indicate the digital time in 
seconds and number of frames on each video frame.

The patients were seated and viewed in the lateral plane. The 
fluoroscopic tube was focused to encompass the lips anteriorly, 
the posterior pharyngeal wall posteriorly, the soft palate supe-
riorly, and the cervical esophagus inferiorly. Swallows were 
performed with 5 and 10 ml liquid barium (50% barium sulfate 
(barium sulfate suspension, E-Z-EM, Westbury, NY, USA), 340 
g diluted with 65 ml room temperature water to yield a 135 ml 
suspension), and 5 and 10 ml of barium paste prepared with 50 
ml of liquid barium with 4.5 g instant food thickener. 

For the cup drinking task, the amounts of liquid barium 
swallowed varied among patients. In addition, the patients were 
asked to chew and swallow 5 to 8 pieces of bread (1–1.5 cm 
each) coated with the barium paste mixture to provide contrast, 
and ingested unregulated amounts of thinned liquid barium. The 
patient used a spoon to place each liquid barium bolus, paste, or 
piece of bread in the mouth.

We evaluated the four swallowing phases. In addition, we 
separately evaluated the cricopharyngeal sphincter and the 
esophageal sphincter in the pharyngeal and esophageal phases, 
respectively.

The swallowing phases were recorded. The timer encoded 
digital time in hundredths of a second on each frame. Video 
recordings were analyzed using the slow-motion and frame-
by-frame capabilities of the recorder. Parameters rated during 
the videofluoroscopic examination included initiation of oral 
movement, coordination of oral movement, anterior bolus loss, 
oral residue, elicitation of the pharyngeal swallow, pharyngeal 
residue, penetration, and aspiration. 

Penetration was defined as entry of barium into the laryngeal 
vestibule superior to the true vocal folds. Aspiration was defined 
as entry of barium inferior to the level of the true vocal folds. 

Continuous data were expressed as mean ± standard deviation 
and categorical data as proportions. Categorical variables were 
compared using the chi-square test and the -test for the con-
tinuous variables. A two-sided -value < 0.05 was considered 
statistically significant.

A total of 203 patients met the inclusion criteria. Ages ranged 
from 16.1 to 97 years, (mean 65.0 ± 16.7 years). There were 106 
men (52%) ranging in age from 16.11 to 91.1 years (mean 65.0 
± 16.9 years), and 97 women (48%) ranging in age from 18.1 to 
97.0 years (mean 66.4 ± 16.5 years). There was no significant 
difference in age between men and women ( = 0.54).

Cardiovascular, metabolic, and neuromuscular diseases were 
the most common co-morbidities in all patients. With regard to 



co-morbidities, men had significantly more pulmonary and re-
spiratory diseases than women ( = 0.033). No more significant 
differences were found [Table 1].

Videofluoroscopy of patients with dysphagia revealed 
problems in all swallowing phases. The most frequent prob-
lems were in the pharyngeal phase 49.8% (101/203), followed 
by problems in the UES sphincter 48.3% (98/203). In sub-
jective swallowing complaints among women and men, 103 
of 106 men presented with at least one symptom related to 
dysphagia, compared to 85 of 97 women ( = 0.009). Men 
reported more complaints regarding choking on liquids ( = 
0.002) and difficulty swallowing pills ( = 0.004) compared 
to women [Table 2].

Men on average had abnormalities in 1.8 ± 1.1 swallowing 
phases, compared to 1.5 ± 1.0 swallowing phases in women (
= 0.04). Overall, men had more abnormal swallowing phases 
than women did. Men had significantly ( = 0.015) higher per-
centage of abnormalities in the pharyngeal phase (59%) com-
pared to women (39%) and a higher percentage of abnormali-
ties in the UES opening than women (55% vs. 41%, = 0.056). 
No differences were observed between men and women in the 
oral phase (tongue control during bolus, bolus transport/lin-
gual motion, oral/under tongue residue, bolus mastication, and 
lip closure; 18% vs. 13%, = 0.654), the esophageal phase 
(41% vs. 45%, = 0.289), or the lower esophageal sphincter 
phase (8% vs. 10 %, = 0.504). 



In the pharyngeal phase, men had a higher prevalence of aspira-
tion, penetration, and barium residue in the hypopharynx, pyriform 
sinus, and vallecula [Table 3]. A delayed UES opening occurred in 
more men than women ( = 0.023). Retrograde bolus regurgitation 
showed a trend of higher rate in men ( = 0.051). No differences 
were found when comparing other elements in this stage [Table 4]. 

Many studies have evaluated dysphagia in correlation with spe-
cific disorders, such as stroke, anterior cervical spine surgery, or 
reflux [7,19,20]; however, without specifying sex differences. 
Swallowing studies using videofluoroscopy to compare men and 
women are few and mostly evaluate differences in the physio-
logic swallowing process. They usually highlight the anatomical 
and functional differences between men and women regarding 
the mouth, pharynx, UES, and esophagus [11,12]. Some authors 
reported a correlation between sex and orofacial measurements. 
Men have more anteriorly inclined mandibles and shorter ante-
rior facial height, suggesting a relation between greater muscle 
force and the shape of the face [21]. Other authors studied the 
relationship between sex and maximum intraoral volume. Wom-
en were found to have a slower swallowing rate and smaller 

volume capacity in each swallow than men did [10,22].
In our study, videofluoroscopy tests of patients with dyspha-

gia were evaluated and characteristics of the tests were com-
pared between men and women. To better evaluate the swal-
lowing between men and women, we examined background 
diseases among our patients that may have an effect on swal-
lowing. No differences were found, except that respiratory dis-
eases were more common in men ( = 0.033) [Table 1].

Men were found to have a higher prevalence of aspiration, 
penetration, and barium residue in the vallecula and hypophar-
ynx in the pharyngeal phase than women did. Moreover, men had 
a delayed UES opening. Women performed better than men in 
these two phases, which could be due to physiological and ana-
tomical differences. Women have a significantly longer duration 
of UES relaxation, longer swallowing flow, and smaller volume 
in each swallow [4,9,23], which enables longer duration of pha-
ryngeal clearance and less residual food available to penetrate or 
be aspirated into the larynx. Moreover, men have a larger oral 
cavity and pharyngeal diameter than women [12], while the pha-
ryngeal and UES areas are smaller in women, which mandates 
smaller volumes in every swallow. Women also have slower oro-
pharyngeal transit compared to men, which permits safe passage 
of the bolus through the pharynx into the esophagus. The onset of 



movements of the base of the tongue and the posterior pharyngeal 
wall in relation to the UES opening is significantly later in wom-
en, and they need a longer time to achieve the maximum UES 
opening [9,24]. This situation can explain the higher prevalence 
of barium residue in the lower part of the pharynx, in the epiglot-
tic vallecula and the pyriform sinus found in men [Table 3]. The 
longer oropharyngeal transit in women was further demonstrated 
by Dantas et al. [14] who compared swallowing in healthy men 
and women using videofluoroscopy. 

The lower penetration and aspiration rates among women 
can also be related to the early onset of laryngeal closure and 
longer laryngeal closure time characterizing the physiological 
swallowing of women. Similar results were reported by other 
studies [9,16]. These features of laryngeal closure in women 
can protect them from penetration and aspiration, although even 
symptomatic women with compromised swallowing mecha-
nisms may retain some of these features. Moreover, the higher 
prevalence of men choking on liquids and difficulty swallowing 
pills can also be attributed to delayed and short duration of la-
ryngeal closure, which are characteristics of their sex. 

These differences between men and women can be applied 
in routine clinical practice and can help clinicians choose the 
most effective therapeutic strategies for dysphagic patients of 
both genders. In cases of women presenting with dysphagia and 
aspiration, they can benefit from supraglottic or super supraglot-
tic swallow maneuvers, as women have earlier onset and lon-
ger laryngeal closure combined with longer UES opening since 
these swallow maneuvers protect their airway during swallow 
therapy. Meanwhile, men can benefit from a sequence of dry 
swallowing performed without contrast or food ingestion. Men 
had a higher prevalence of barium residue in the hypopharynx.

Dicpinigaitis and Rauf reported significant gender differenc-
es in the cough reflex [25]. Healthy women were found to have 
more sensitive reflexes than men. This finding might be due to 
a lower excitability threshold of sensory receptors or more re-
ceptors within the respiratory tract, which lead to earlier cough 
reflexes in women [25].

Sex differences in the excitability of sensory receptors can 
also be associated with differences in laryngeal closure onset 
and duration.

One of the limitations of the current study was its retrospective 
nature, which might be associated with selection bias. Prospec-
tive controlled studies should be considered to further clarify 
the differences in swallowing features between men and wom-
en. Another important limitation was the subjective assessment 
of the status of patients without using a validated scale. In the 
standard evaluation of patients with dysphagia before videoflu-
oroscop, including patients of this study, we addressed most of 
the important elements regarding dysphagia and its impact on 
patients; still, a validated scale would be more appropriate.

Parameters of swallowing in dysphagia differ between men and 
women. Men had more complaints regarding choking on liq-
uids and difficulty swallowing pills. They had more aspiration, 
penetration, and barium residue in the hypopharynx and the val-
lecula, and had more abnormalities in the UES sphincter, com-
pared to women. These differences are probably due to different 
anatomical and functional swallowing characteristics. A better 
understanding of these discrepancies can be useful in clinical 
practice by developing treatment tailored for each sex.



Cytokines such as interleukin 12 (IL-12) have diverse 
roles in immune regulation, and although they may 
have therapeutic potential, they can cause toxic immune 
cell activation. Mansurov and colleagues masked the 
pleiotropic effects of IL-12 by linking it to a fragment 
of the IL-12 receptor and engineered the linker to be 
cleavable by tumor-associated proteases. This meant that 
the masked IL-12 could be administered intravenously 
to tumor-bearing mice and was only activated in the 

tumor microenvironment. On delivery, masked IL-12 
recruited immune cells, the tumors subsequently became 
responsive to immune checkpoint therapy, and systemic 
toxicity was not observed. This strategy could be viable 
to develop more cytokines as therapeutic agents for a 
broad range of diseases that are associated with immune 
dysfunction.

There is an unmet medical need for minimally invasive 
devices to aid patients with slow heart rates, particularly 
after cardiovascular surgery. This situation exists because 
the lines required to connect internal electrodes with battery 
packs are a common cause of infection and extended 
hospitalization. Choi et al. developed a biodegradable, 
closed-loop, wireless microelectromechanical system 
(Bio-MEMS) for heart rate monitoring and control. 

Because the devices allow for both monitoring and control 
of the heart rate, they can be reprogrammed on demand 
in response to physiological conditions using the onboard 
electronics. Furthermore, the batteries in the devices can 
be recharged wirelessly through the skin, fully eliminating 
the need for transcutaneous wires.

As people age, their immune responses to vaccines 
and infections diminish, increasing the risk for serious 
illness. These diminished immune responses have 
been tied to poor germinal center responses in older 
people, yet the exact mechanism for how this effect 
occurs is unclear. Denton and colleagues vaccinated 
adult or aged mice with a model immunogenic protein 
to track germinal center responses overtime. They 
found that the microenvironment of the lymph node was 

impaired in older mice, as defined by a poor response 
of MAdCAM-1+ stromal cells to vaccination. These cells 
were partially rescued with a Toll-like receptor 4 (TLR4) 
agonist, which improved the initiation of germinal center 
immune responses. Together, these data suggest that 
targeting TLR4 might improve the efficacy of vaccination 
in older people.


