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ARTICLE INFO ABSTRACT

Purpose: Spinal pathology is very common with advancing age and can cause
dysphagia; however, it is unclear how frequently these pathologies affect swal-
lowing function. This study evaluates how cervical spinal pathology may impact
swallowing function in dysphagic individuals observed during videofluoroscopic
swallowing studies (VFSSs).

Method: A retrospective case—control study was performed on 100 individuals
with dysphagia as well as age-/gender-matched healthy controls (HCs) with avail-
able VFSS. Spinal anatomy of patients was classified into two predetermined cate-
gories, and a consensus decision of whether spinal pathology influenced swallow-
ing physiology was made. Validated swallow metrics, including Modified Barium
Swallow Impairment Profile (MBSImP) component scores, Penetration—Aspiration
Scale (PAS) maximum scores, and 10-item Eating Assessment Tool (EAT-10)
scores, were compared between the spine-associated dysphagia (SAD), non-SAD
(NSAD), and HC groups using Kruskal-Wallis one-way analysis of variance.
Results: Most patients with dysphagia had spinal pathology. Spinal pathology
was judged to be the primary etiology of dysphagia in 16.9% of patients with
abnormal spine pathology. Median EAT-10 scores were statistically different
among the three groups, with the NSAD group scoring the highest and the HC
group scoring the lowest. Similarly, median PAS scores were significantly differ-
ent between dysphagic groups and HCs. Median MBSImP Oral Total scores
were significantly different only between the NSAD group and HCs, whereas
Pharyngeal Total score was not significantly different among the groups.
Conclusions: Spinal pathology is commonly observed during VFSS and can
contribute to dysphagia, resulting in worse swallowing-related outcomes when
compared with HCs. Patients judged to have SAD tended to have better out-
comes than patients with dysphagia from other etiologies, perhaps due to the
progressive nature of spinal disease that allows for compensatory swallowing
physiology over time.
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Cervical degenerative bony spine disease is very
common with advancing age, affecting approximately 60%
of those over the age of 40 years (Boden et al., 1990;
Fakhoury & Dowling, 2022) and 75%-90% of patients
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over 60 years of age (Matsumoto et al., 1998; Resnick,
1985; Seidler et al., 2009). Videofluoroscopic swallowing
studies (VFSSs) are considered a gold standard method to
evaluate oropharyngeal swallowing (Egerter et al., 2015;
Lee et al., 2017) and have the benefit of direct observation
of the cervical spine. Because advancing age is also a
major risk factor for dysphagia, or difficulty swallowing,
cervical degenerative vertebral spinal pathology is likely
prevalent in patients undergoing VFSS; however, there are
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currently no studies examining the mean age of adults
undergoing VFSS in an outpatient setting.

A proposed mechanism for degenerative cervical
spine-associated dysphagia (SAD) is the mechanical com-
pression on the posterior pharynx, leading to altered swal-
lowing function and poor bolus clearance, which may
cause bolus airway invasion and adverse health outcomes
(Ladenheim & Marlowe, 1999; Papadopoulou et al., 2013;
Shoffel-Havakuk et al., 2016). Seidler et al. found that C3—
C4 osteophytes can restrict epiglottic mobility and more infe-
rior cervical osteophytes can cause mechanical obstruction
and limit the elevation and anterior movement of the larynx
(Seidler et al., 2009). Furthermore, several authors have
shown improvement of swallowing function after surgical
resection of cervical osteophytes (Bakshi & Ramesh, 2021;
Barker et al., 2021; Kolz et al., 2021; Ruetten et al., 2019;
Vodicar et al., 2016). Along this spectrum of bony cervical
spine disorders, there is also often improvement after surgery
for diffuse idiopathic skeletal hyperostosis (DISH; Clark
et al., 2003; Ohki, 2012; Oppenlander et al., 2009).

Anterior cervical spine surgery can result in postopera-
tive dysphagia, with several studies demonstrating substantial
pharyngeal swallowing impairment (Frempong-Boadu et al.,
2002; Kang et al., 2016; Leonard & Belafsky, 2011; Ziegler
et al., 2021) likely related to direct or retraction trauma to
the vagus and/or glossopharyngeal nerves (Murry & Ricardo,
2006; Papadopoulou et al., 2013). Swallowing abnormalities,
such as pharyngeal wall thickening and poor epiglottic inver-
sion, can persist in some patients for several months after sur-
gery (Leonard & Belafsky, 2011; Ziegler et al., 2021).

Although these conditions are relatively common,
particularly in the aging population, there is a paucity of
studies delineating the prevalence of cervical vertebral spi-
nal pathology on VFSS. It is also unclear how frequently
these spinal pathologies affect swallowing function. The
purpose of this retrospective study was to evaluate how spi-
nal pathology may impact swallowing function in dyspha-
gic individuals undergoing VFSS. Based on these preva-
lence studies, we hypothesized that spinal disease would be
present in the majority of the videofluoroscopic studies and
may contribute to dysphagia through mechanical disrup-
tion. Furthermore, because C3-C4 is the spinal level at
which epiglottic inversion takes place and C4-C6 is the
level at which the pharyngoesophageal segment lies, we also
hypothesized that osteophytes at these levels would impair
the corresponding Modified Barium Swallow Impairment
Profile (MBSImP) components, 10 (epiglottic inversion)
and 14 (pharyngoesophageal segment opening [PESO]).

Method

For the purposes of this article, spinal disease or
pathology refers to bony anatomical malformations such

as osteophyte formation, spinal curvature abnormalities,
degenerative disease, and/or prior cervical spine surgery.
Institutional review board approval from the Medical Uni-
versity of South Carolina (Pro00112258 and Pro00011566
for controls) was ascertained before study procedures.
Outpatients aged > 18 years who underwent VFSS for
complaints of dysphagia were eligible for inclusion. Stud-
ies were performed in tertiary care nonhospital clinic set-
tings. VFSSs that had been previously complete as part of
clinic care were evaluated from November 13, 2020, to
February 8, 2021, in the order they had been performed.
For patients with multiple studies, only the initial VFSS
was included. Patients were age matched (+3 years) and
gender matched to HCs, and the spines of patients and
controls were reviewed. Patients were excluded if there
was no age-matched control available (n = 5) or if the
swallow study could not be adequately performed due to
patient immobility (n = 1).

Data from HCs were obtained from a larger norma-
tive dataset examining the effect of aging on oropharyn-
geal swallowing function, including the prevalence of air-
way invasion (Garand et al., 2019). A healthy participant
was defined as someone without current or a history of
dysphagia, upper aerodigestive tract surgical procedures,
hiatal hernia, pulmonary disease, head and neck cancer,
or neurological disease (e.g., stroke, Parkinson’s disease).
All HCs consumed a full oral diet without compensations
or restrictions. If a dysphagic patient had several matched
controls, a control was randomly assigned. If a control
had been previously assigned to a patient, another control
was selected if available. In some cases (n = 39), the same
control had to be used for two or three patients.

Spine Characterization

Spinal categories were predetermined and intended
to be comprehensive and easily recognizable by medical
professionals who many not have extensive training in
spine interpretation. These categories were peer reviewed a
priori by a radiologist trained in head and neck pathology
(M. M.). MBSImP, Penetration-Aspiration Scale (PAS),
and Dynamic Imaging Grade of Swallowing Toxicity
(DIGEST) scores were not available to the raters at the
time of spinal characterization. The list of spinal catego-
ries with examples is shown in Figure 1. Spinal anatomy
of dysphagic patients and controls was assessed for spinal
pathology and categorized into up to two predetermined
categories. Spinal categorization of each patient was per-
formed as a group (R. G., K. D., M. C., J. B, D. S., and
A. K. O.). Two categories were allowed due to the difficulty
of creating discreet categories for complex diseases that
can co-occur (e.g., osteophyte formation and early degen-
erative disc disease). The dominant two features were
selected.
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Figure 1. Example images of spine disease categories. (a) Normal cervical spine. (b) Loss of normal cervical lordosis. (c) Minor/
nonobstructive osteophyte. (d) Partially obstructive osteophyte. (e) Obstructive osteophyte. (f) History of anterior cervical spine surgery. (9)
History of posterior cervical spine surgery. (h) Early degenerative disc disease. (i) Advanced degenerative disc disease. (j) Diffuse idiopathic

skeletal hyperostosis. (k) Pronounced lordosis.

a.

The Impact of Vertebral Spinal Pathology on
Swallowing

If spinal pathology was present, the spinal level was
noted, and the pathology was evaluated for its effect on
swallowing function in dysphagic patients. This was deter-
mined in real time by simultaneous evaluation of, and
consensus agreement between, two laryngology practi-
tioners with extensive experience in the interpretation of

videofluoroscopy (A. K. O. and D. S.) and two speech-
language pathologists (K. D. and M. C.). Individuals with
cervical spinal pathology without any other identifiable
etiology of dysphagia upon history and clinical exam were
classified as having SAD. The remaining dysphagic indi-
viduals either had normal spinal anatomy or spinal
changes with another established cause of disordered swal-
lowing on VFSS (e.g., stroke, stricture, diverticula) from
the patient’s medical record or were classified as non-SAD
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(NSAD). This classification method allowed for a strin-
gent evaluation of the impact of spinal pathology in dys-
phagic patients.

Spinal Categorization Reliability

One quarter of patient spinal images, including two
to three images of each spinal category, were rated inde-
pendently by the laryngologist (A. K. O.) who performed
the original categorization and a radiologist (M. G. M.)
experienced in spine radiography. Raters were blinded to
the other raters’ categorization as well as the consensus
categorization.

MBSImP Protocol

Participants were administered standardized consis-
tencies of commercially prepared barium (Varibar, Bracco
Diagnostics, Inc) following the MBSImP. Fluoroscopy
was set to continuous, and videofluoroscopic recordings
were made with a resolution of 60 fields (30 frames) per
second. A medical video-recording device (TIMS DICOM
System, TIMS Medical, or Kay PENTAX) was used for
signal acquisition, digital storage, and retrieval of the
swallowing data.

VFS Outcome Measures

Videofluoroscopic data were analyzed using the
MBSImP (Martin-Harris et al., 2008), an ordinal validated
rating system designed to evaluate multiple physiologic
components of swallowing. Each swallow was evaluated by
the consensus of two raters (K. D. and M. C. for dysphagic
patients; K. D. and K. L. G. for HCs), who completed the
MBSImP training (Northern Speech Services), for MBSImP,
PAS, and DIGEST scoring. VFSS scoring was completed
before the categorization of spinal disease; therefore, raters
were blinded to final spinal disease categorization.

The presence and degree of airway invasion were
measured using the maximum score of the validated 8-
point ordinal PAS (Rosenbek et al., 1996). The Functional
Oral Intake Scale (FOIS) was used to document the
patients’ oral intake level (Crary et al.,, 2005). The
DIGEST scale was used to grade safety and efficiency of
pharyngeal swallowing in dysphagic patients (Hutcheson
et al., 2017). DIGEST scores were not recorded in the HC
group. The 10-item Eating Assessment Tool (EAT-10)
was used as a patient-reported outcome measure to cap-
ture symptoms of dysphagia (Belafsky et al., 2008).

Statistical Analysis

All statistical analyses were performed using Sigma
Plot (Version 12.5) and SPSS Version 27.0.1.0 (IBM

Corporation). Categorical variables (e.g., gender, race, or
spinal characterizations) were summarized by frequency
(n) and percentage (%). Continuous variable (age) was
assessed for normality using the Shapiro-Wilk test, and
ordinal variables (e.g., PAS max or MBSImP scores) were
summarized by M + SD and median and interquartile
range (IQR; 25-75). Comparison of categorical variables
was performed using a chi-square test or Fisher’s exact
test. Comparison of ordinal variables among three groups
was performed with either a one-way analysis of variance
or a Kruskal-Wallis test, as appropriate, with post hoc
comparisons using a Dunn’s test. Comparison of two
groups was done using a 7 test or Mann—Whitney U test.
Interrater reliability was determined with percentage agree-
ment and weighted Cohen kappa (k). The degree of inter-
observer agreement based on the kappa values was as fol-
lows: slight (0.01-0.20), fair (0.21-0.40), moderate (0.41—
0.60), substantial (0.61-0.80), and almost perfect (0.81-
0.99; Viera & Garrett, 2005). A p value of < .05 was con-
sidered significant for all statistical tests.

Results

A total of 100 dysphagic patients and 100 age- and
gender-matched HCs who underwent VFSS were ana-
lyzed. The average age of the dysphagic patients was
67.7 years, whereas the mean age in the HCs was
66.8 years. Patients in the SAD group had an average age
of 71.3 years, and those in the NSAD group had a mean
age of 67.1 years. Other demographic information is pre-
sented in Table 1.

Spinal Characterization

Abnormal spinal anatomy was observed in 89 of the
100 dysphagic individuals and 84 of the 100 matched
HCs. Spine disease was identified as impacting swallowing
for 36 individuals. Spine disease was determined to be the
sole etiology of dysphagia in 15 individuals (SAD group; see
Table 2). These individuals were classified as SAD, whereas
the remaining patients had one or more non-spine-related
causes of dysphagia and were classified as having NSAD.
None of the HCs were judged to have spinal pathology
significantly impacting swallowing function, as all HCs
consumed a full oral diet without compensation and
denied current or past dysphagia, consistent with FOIS
Level 7 (Crary et al., 2005).

All spinal abnormalities were characterized into up
to two categories, and the spinal characterizations for
these groups as well as HCs are listed in Table 3. Osteo-
phytes were the most common spinal pathology identified
on VFSS and were present in six of 15 (40%) individuals
with SAD, 38 of 85 (45%) individuals with NSAD, and 49
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Table 1. Patient demographics.

All dysphagic Spine-associated Non-spine-associated Healthy
Characteristics patients dysphagia dysphagia controls p value
Total patients (N) 100 15 85 100
Age (years) .34
M (SD) 67.7 (13.1) 71.3(7.2) 67.1 (13.9) 66.8 (13.0)
Median (IQR) 70.0 (63.8-76.3) 73.0 (65.0-76.0) 69.0 (59.0-77.0) 70.0 (61.8-72.5)
Gender .15
Female 50 4 46 50
Male 50 11 39 50
Race 41
African American 13 3 10 8
Asian 1 0 1 1
White 86 12 74 91
Ethnicity .92
Hispanic 1 0 1 1
Non-Hispanic 99 15 84 99

Note. IQR = interquartile range.

of 100 (49.0%) HCs. Degenerative disc disease was also
common with four of 15 (27%) of the SAD group, 43 of
85 (51%) of the NSAD group, and 63 of 100 (63%) of the
HC group. History of anterior cervical discectomy and
fusion (ACDF) was present in six of 15 (40%) of the SAD
group, five of 85 (6%) of the NSAD group, and none of
the HCs as this was an exclusion criterion. The SAD
cohort was significantly more likely to have a history of
ACDF than the NSAD or HC cohorts (p < .001). The
remaining comparisons were not statistically significant.

Swallowing Outcome Measures

The complete results of swallowing outcomes are
detailed in Table 4. Median (IQR) EAT-10 scores were
statistically different among the three groups: SAD, 6.0
(4.0-14.5); NSAD, 13.0 (6.0-26.0); and HC, 0 (0-1.0; p <

.001). Median (IQR) PAS scores were also different
between both dysphagic groups and controls (SAD: 2.0
[1.0-5.0]; NSAD: 2.0 [1.0-6.0]; HC: 1.0 [1.0-2.0]; p <
.001). Prestudy FOIS was as follows: SAD, 7.0 (7.0-7.0);
NSAD, 7.0 (6.0-7.0); and HC, 7.0 (7.0-7.0), p < .001,
with a significant difference between the NSAD group
and both the SAD and HC groups. Poststudy FOIS and
DIGEST total comparisons were not statistically signifi-
cant between the SAD and NSAD groups. These mea-
sures were not available for HCs.

Median (IQR) MBSImP Oral Totals of the three
groups were as follows: SAD, 5.0 (3.0-7.0); NSAD, 7.0
(4.0-9.0); and HC, 5.0 (4.0-7.0), with only the NSAD
group having significantly worse scores than HCs (p =
.034). Median (IQR) MBSImP Pharyngeal Totals of the
three groups were as follows: SAD, 8.0 (3.0-12.0); NSAD,
6.0 (4.0-11.0); and HC, 6.0 (5.0-8.0), p < .16. Individual

Table 2. Spine-associated and non—spine-associated etiologies for altered swallowing in dysphagic patients.

Category n
Spine-associated dysphagia etiologies 15 patients
Osteophytes 6
Anterior cervical discectomy and fusion surgery 6
Advanced degenerative disc disease 4
Diffuse idiopathic skeletal hyperostosis 3
Kyphosis 2
Pronounced lordosis 1
Non-spine-associated dysphagia etiologies 85 patients
Oropharyngeal dysphagia 48
Neurogenic (e.g., amyotrophic lateral sclerosis, Parkinson’s, and stroke) 23
Structural (e.g., anterior cervical web, Killian—Jameson diverticulum, and cricopharyngeal dysfunction) 17
Myopathic (connective tissue disease) 1
Oropharyngeal dysfunction (e.g., UES restriction, delayed initiation, reduced pharyngeal stripping) 7
Esophageal dysfunction 17
Head and neck cancer and radiation changes 8
Trauma 2
Unknown (no determinant etiology identified) 12

Note. UES = upper esophageal sphincter.
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Table 3. Spinal characterizations for spine-associated dysphagia (SAD)
groups.

, hon—spine-associated dysphagia (NSAD), and healthy control (HC)

SAD NSAD HC

Spine characterization n (%) n (%) n (%) p value
1. Normal cervical spine 0 (0) 11 (9.5) 16 (11.9) 752
2. Loss of normal lordosis 0 (0) 6 (5.2) 4 (3.0 522
3. Minor/nonobstructive osteophyte 0 (0) 14 (12.2) 19 (14.2) 782
4. Partially obstructive osteophyte 5(21.7) 20 (17.4) 28 (21.0) .75
5. Obstructive osteophyte 1(4.3) 4 (3.5) 2 (1.5 .52
6. History of ACDF 6 (26.1) 5 (4.3) 00 .002%
7. History of PCDF 1 (4.3) 3(2.6) 2 (1.5) 64
8. Early degenerative disc disease 0 (0) 22 (19.1) 40 (29.9) .0712
9. Late degenerative disc disease 4 (17.4) 21 (18.3) 23 (17.2) .97
10. DISH 3(13.0) 0(0) 0(0) —
11. Pronounced lordosis 1(4.3) 6 (5.2) 0 (0) 992
12. Other 14.3) 3 (2.6) 0 (0) 522
Total 23 115 134

Note. Dash indicates Fisher's was not able to be performed. ACDF = anterior cervical discectomy and fusion; PCDF = posterior cervical

discectomy and fusion; DISH = diffuse idiopathic skeletal hyperostosis.

2Columns with zero values were excluded for chi-square/Fisher’s calculation.

MBSImP component scores were significantly worse in
both dysphagic groups than HCs for Components 2, 6,
10, 12, 13, and 17. Components 3 and 7 had only a signif-
icant difference between the NSAD and HC groups. For
Components 1, 5, and 9, HCs had significantly worse
scores than dysphagic groups (see Table 4).

Those with an osteophyte at C3—-C4 compared with
other dysphagic patients did not have worse swallowing
outcomes for epiglottic inversion (Component 10, p =
.99). Similarly, those with osteophytes at C4-C6 did not
have worse swallowing outcomes for PESO (Component
14) when compared with the other dysphagic patients at
these levels (p = .94).

Reliability

Interrater reliability consisted of 92% agreement over-
all and moderate-to-strong agreement for the spinal catego-
rizations. Categories with strong agreement included nor-
mal cervical spine (k = 0.65), osteophytes (x = 0.60), DISH
(x = 0.70), pronounced lordosis (k = 0.78), and history of
ACDF (k = 1.0). Areas of moderate agreement included
degenerative disc disease (x = 0.52) and history of posterior
cervical discectomy and fusion (x = 0.52). Loss of lordosis
had poor agreement (x = 0.29), but this is mainly due to
the limitations of viewing a single image for a category
dependent on movement and patient positioning.

Discussion

This study systematically evaluated spinal anatomy
observed on VFSS to elucidate the association between
spine disease and swallowing with predetermined spinal

categories. Spine disease was highly prevalent in all groups
most likely due to advanced age. Spine disease is very
common in older adults with a prevalence ranging from
28% to 89% (Boden et al., 1990; Matsumoto et al., 1998).
Our study population had a 90% prevalence of spinal dis-
ease, slightly greater than previous established literature;
however, this is likely due to the advanced age of our
patients. Prior literature evaluated patients 40-60 years of
age, whereas the average age of our dysphagic cohort was
67.7 years (Boden et al., 1990; Matsumoto et al., 1998).
The majority of dysphagic patients (89/100, 89%) had
abnormal spinal anatomy. This finding is to be expected,
as both spinal disease and risk for disease and injury where
dysphagia is a symptom increase with age (Fakhoury &
Dowling, 2022; Resnick, 1985). Matsumoto et al. (1998)
found that disc degeneration is present in 86% and 89% of
men and women, respectively, above the age of 60 years
when evaluating asymptomatic magnetic resonance images.
Other studies have cited that approximately 75% of patients
have cervical spine changes (Kumaresan et al., 2001;
Resnick, 1985; Seidler et al., 2009). This age-related associ-
ation of cervical pathology explains why only 16 of 100 of
the age-matched HCs had a normal cervical spine. Osteo-
phytes were very common in all groups, and these were
most frequently nonobstructive (33/200, 16.5%) or partially
obstructive (54/200, 26.1%). Both early (22/200, 11%) and
late (25/200, 13%) degenerative disc diseases were also com-
mon. These findings are in line with the previous studies
that show high rates of these pathologies in older adults
(Boden et al., 1990; Matsumoto et al., 1998).

We found that the presence of abnormal spinal cervi-
cal features does not necessarily correspond with impaired
swallowing. Whereas 89% (89/100) of dysphagic patients
were characterized with at least one spinal pathology, only
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Table 4. Swallowing outcomes for spine-associated dysphagia (SAD), non—spine-associated dysphagia (NSAD), and healthy control (HC)

groups.

Characteristics SAD NSAD HCs p value

Number of patients (n) 15 85 100

Prestudy FOIS
M (SD) 6.7 (0.6) 6.1 (1.6) 7.0 (0) < .001
Median (IQR) 7.0 (7.0-7.02 7.0 (6.0-7.0* 7.0 (7.0-7.0)°

Poststudy FOIS
M (SD) 6.5 (0.7) 6.1 (1.4) < .40
Median (IQR) 7.0 (6.0-7.0) 7.0 (6.0-7.0)

DIGEST total
M (SD) 1.1(1.1) 2(1.2) < .96
Median (IQR) 0 (0-1.0) 1 0 (0-2.0)

PAS max score
M (SD) 2.9 2.1) 3.12.7) 1.6 (1.0) <.001
Median (IQR) 2.0 (1.0-5.0) 2.0 (1.0-6.0)° 1.0 (1.0-2.02°

EAT-10
M (SD) 9.9 (8.2) 16.3 (11.6) 1.0 (1.9 < .001
Median (IQR) 6.0 (4.0-14.5)° 13.0 (6.0-26.0)°° 0 (0-1 0)ab

MBSImP Oral Total (Components 1-6)
M (SD) 5.4 (3.2) 6.7 (3.4) 5.4 2.1) .034
Median (IQR) 5.0 (3.0-7.0) 7.0 (4.0-9.0° 5.0 (4.0-7.0)°

MBSImP Pharyngeal Total (Components 7—16)
M (SD) 7.9 (4.8) 7.6 (4.9) 6.0 (2.3) 16
Median (IQR) 8.0 (3.0-12.0) 6.0 (4.0-11.0) 6.0 (5.0-8.0)

MBSImP Component 1 (lip closure)
M (SD) 0.27 (0.59) 0.61 (0.73) 1.1 (0.34) < .001
Median (IQR) 0 (0-0)* 0 (0-1.0° 1.0 (1.0-1.02P

MBSImP Component 2 (tongue control during bolus hold)
M (SD) 1.0 (0.85) 0.8 (0.90) 0.40 (0.65 .001
Median (IQR) 1.0 (0-2.0) 0.50 (0-2.0)° 0 (0-1.0)*

MBSImP Component 3 (bolus preparation/mastication)
M (SD) 0.60 (0.91) 0.83 (1.1 0.20 (0.65) < .001
Median (IQR) 0 (0-2.0) 0 (0-2.0) 0 (0-0)°

MBSImP Component 4 (bolus transport/lingual motion)
M (SD) 0.20 (0.78) 0.88 (1.2) 0.90 (1.2) .069
Median (IQR) 0 (0-0) 0 (0-2.0) 0 (0-2.0)

MBSImP Component 5 (oral residue)
M (SD) 1.4 (0.62) 1.6 (0.62) 1.8 (0.46) .005
Median (IQR) 1.0 (1.0-2.0% 2.0 (1.0-2.0)° 2.0 (2.0-2.0)2P

MBSImP Component 6 (initiation of the pharyngeal swallow)
M (SD) 2.7 (0.80) 2.7 (0.65) 2.2 (0.93) < .001
Median (IQR) 3.0 (3.0-3.0%2 3.0 (3.0-3.0)° 2.0 (1.0-3.02°

MBSImP Component 7 (soft palate elevation)
M (SD) 0 (0) 0.08 (0.32) 0(0) .015
Median (IQR) 0 (0-0) 0 (0-0)° 0 (0-0)°

MBSImP Component 8 (laryngeal elevation)
M (SD) 0.73 (0.59) 0.61 (0.60) 0.51 (0.50) .34
Median (IQR) 1.0 (0-1.0) 1.0 (0-1.0) 1.0 (0-1.0)

MBSImP Component 9 (anterior hyoid excursion)
M (SD) 0.27 (0.46) 0.45 (0.72) 0.85 (0.36) < .001
Median (IQR) 0 (0-1.0) 0 (0-1.0) 1.0 (1.0-1.02P

MBSImP Component 10 (epiglottic movement)
M (SD) 0.73 (0.70) 0.66 (0.80) 0.25 (0.44) < .001
Median (IQR) 1.0 (0-1.0) 0 (0-1.0)° 0 (0-0.75)*°

MBSImP Component 11 (laryngeal vestibular closure)
M (SD) 0.33 (0.49) 0.35 (0.50) 0.22 (0.50) .075
Median (IQR) 0 (0-1.0) 0 (0-1.0) 0 (0-1.0)

MBSImP Component 12 (pharyngeal stripping wave)
M (SD) 0.73 (0.59) 0.60 (0.64) 0.37 (0.49 .015
Median (IQR) 1.0 (0-1.0) 1.0 (0-1.0)° 0 (0-1.0)*

MBSImP Component 13 (pharyngeal contraction)
M (SD) 0.93 (0.96) O 80 (1.2 0.17 (0.51) < .001
Median (IQR) 1.0 (0-2.0) (0-1.0) 0 (0-0)2P

MBSImP Component 14 (pharyngoesophageal segment opening)
M (SD) 1.2 (0.56) 1.0 (0.76) 0.85 (0.36) .063
Median (IQR) 1.0 (1.0-2.0) 1.0 (0-1.0) 1.0 (1.0-1.0)

(table continues)
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Table 4. (Continued).

Characteristics SAD NSAD HCs p value
MBSImP Component 15 (tongue base retraction)
M (SD) 1.7 (0.59) 1.8 (0.78) 1.6 (0.50) .24
Median (IQR) 2.0 (1.0-2.0) 2.0 (1.0-2.0) 2.0 (1.0-2.0)
MBSImP Component 16 (pharyngeal residue)
M (SD) 1.9 (0.74) 1.9 (0.86) .8 (0.50) 73
Median (IQR) 2.0 (1.0-2.0) 2.0 (1.0-2.0) 2.0 (1.0-2.0)
MBSImP Component 17 (esophageal clearance)
M (SD) 1.9 (1.5) 1.4(1.1) 1.2 (1.4) .015
Median (IQR) 1.0 (1.0-4.03 1.0 (1.0-2.0)° 1.0 (0-2.0)2P

Note. FOIS = Functional Oral Intake Scale; IQR = interquartile range; DIGEST = Dynamic Imaging Grade of Swallowing Toxicity; PAS =
Penetration—Aspiration Scale; EAT-10 = 10-item Eating Assessment Tool; MBSImP = Modified Barium Swallow Impairment Profile.

aStatistically significant difference between medians of SAD and HC. PStatistically significant difference between medians of NSAD and HC.

Statistically significant difference between medians of SAD and NSAD.

15 of 89 patients (16.9%) were determined to have SAD.
Several patients in the HC group also had spine changes,
such as partially obstructive osteophytes, and two patients
were noted to have obstructive osteophytes. Yet, these
patients did not complain of dysphagia and had no reported
diet alterations. Because spine changes are commonly seen
in asymptomatic individuals, it is imperative to consider the
clinical context and investigate other etiologies thoroughly
before attributing dysphagia to spine disease alone.
Conversely, it is evident that sometimes isolated
spine pathology can be the sole cause of dysphagia. The
most common spinal pathologies affecting swallowing
identified in our study were osteophytes (26/36, 72%) and
degenerative disc disease (12/36, 33%). The etiologies of
dysphagia in the SAD group were osteophytes (6/15,
40%), history of ACDF surgery (6/15, 40%), and degener-
ative disc disease (4/15, 27%). Previous studies have dem-
onstrated that osteophytes can contribute to dysphagia
and aspiration as well as increase the likelihood of foreign
body impaction (Choi et al., 2019; Seidler et al., 2009;
Shoffel-Havakuk et al., 2016). Choi et al. (2019) found
that out of 1,866 videofluoroscopic studies of dysphagic
patients, 23 patients were found to have dysphagia only
attributable to anterior cervical osteophytes. These patients
had pharyngeal phase dysphagia including penetration,
decreased laryngeal elevation, and reduced epiglottic inver-
sion (Choi et al., 2019). Seidler et al. (2009) found that the
mechanism of dysphagia was dependent on the level of the
osteophyte. We hypothesized that because C3-C4 is the
spinal level at which epiglottic inversion takes place and
C4-C6 is the spinal level at which the upper esophageal
sphincter opens, spinal disease at these levels would impair
the corresponding MBSImP components: 10 (epiglottic
inversion) and 14 (PESO), respectively. However, these
results were not statistically significant. MBSImP and
PAS scores were similar between both dysphagic groups
and, in some cases, better in the SAD group. We con-
cluded that although spine disease can play an important

role in dysphagia, it is not necessarily worse than other
forms of dysphagia. These results may suggest that the
progressive nature of spine disease allows for increased
compensation over time, whereas the sudden onset of
some neurogenic issues (e.g., stroke) does not. For exam-
ple, a dysphagic patient in the NSAD group with lower
cervical osteophytes incidentally utilized a self-learned
Mendelsohn maneuver-like swallow (volitionally holding
the hyolaryngeal complex at its maximum height during
the swallow) that improved passage of the bolus through
the pharyngoesophageal segment.

Symptomatic osteophytes resulting in dysphagia can
be addressed with measures such as diet modification,
compensatory strategies (e.g., head turn), or surgical treat-
ment. Kolz et al. (2021) reported 19 patients who under-
went anterior cervical osteophyte resection. The level of
C3-C4 was most commonly addressed (69% of patients),
and swallowing was reported to be improved in 95% of
patients, although no validated swallow outcome measures
were used to assess improvement (Kolz et al., 2021). Sev-
eral other case reports and studies describe cases of
moderate-to-severe dysphagia from spine-related causes
that were clinically improved after spine surgery (Erdur
et al., 2017; Kolz et al., 2021; Ruetten et al., 2019; Song
et al., 2012; Urrutia & Bono, 2009; von der Hoeh et al.,
2015). However, surgical intervention must be weighed
with the risks, including those of potentially worsening
dysphagia. Kolz et al. reported an overall complication
rate of 42%, including diskitis and vertebral osteomyelitis,
gastrostomy tube placement, laryngeal nerve injury, and
aspiration pneumonia.

To obviate the risks of open surgical intervention,
Jamal et al. (2015) proposed partial epiglottoplasty as a
treatment of anterior cervical spine osteophytes. Although
all nine patients in their study reported improvement in
swallowing, concerns regarding methodology warrant
careful consideration before this procedure is recom-
mended for widespread adoption (Patel et al., 2016). Patel
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et al. (2016) commented that patients with previous cervical
spine surgery should have been excluded from the study
and not offered epiglottoplasty. It is critical that patients
undergo a comprehensive multidisciplinary evaluation to
confirm that spinal pathology is indeed the primary cause
of dysphagia and conservative options are considered
before the recommendation of surgical intervention.

Limitations

This study is limited by the imbalance in sample size
across groups because only 15 individuals were determined
to have solely SAD. This limited comparisons to the other
dysphagic patient group and HCs, and it is possible we
were unable to identify significant differences in spinal
characterization frequencies or swallowing outcomes due to
sample size. Future evaluation into SAD with larger sample
sizes will further support or refute our findings.

Another limitation of this study is the creation of
discreet categories for the classification of complex disease
processes. We dichotomized degenerative disc disease into
early versus late, but these changes exist along a spectrum.
Some of these disease processes can also be interrelated,
such as osteophytes developing in the context of DISH
and degenerative changes to the spine (Kumaresan et al.,
2001; Resnick, 1985). However, we created our categories
based on common spinal pathology and changes that
could be easily identified by the reading physician (radiol-
ogist) and recognized by speech-language pathologists and
laryngologists without extensive background in radiology
or spinal anatomy. These categories represent a gestalt of
an individual’s spinal pathology, and none of our analyses
were contingent on this categorization. Most categories
had moderate-to-strong interrater agreement, supporting
the reliability of the classification system.

The association between the spinal pathology and
dysphagia seen on VFSS for each subject was determined
based on individual clinician judgment. Although consen-
sus between two raters was required, this method does
come with a level of inherent bias. Furthermore, in cases
where more than one possible etiology for dysphagia was
identified, it could be that multiple factors, including spi-
nal pathology, were likely contributing to the dysphagia.
Our method of classification attempted to isolate spinal
causes of dysphagia by isolating patients with only spinal
pathology in the SAD group. Therefore, patients who had
spinal pathology impacting their dysphagia could have
been missed within the NSAD group.

Conclusions

Cervical spine disease is a common finding in
healthy adults and in individuals with dysphagia undergoing

outpatient VFSS. Our findings suggest that cervical spinal
disease can significantly impact swallowing function in a
subset of patients. The gradual, progressive nature of spi-
nal disease may allow patients to adapt to and compen-
sate for swallowing difficulty over time. A multidisciplin-
ary approach should be taken when drawing conclusions
regarding the contribution of spinal disease to dysphagia
symptoms and the resulting recommendations for inter-
vention. Further studies evaluating spinal pathology in
dysphagic patients would enable us to draw more defini-
tive conclusions regarding the impact of SAD and guide
appropriate treatment decisions.
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