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Abstract

Purpose Although movement of the hyoid bone is different for masticatory swallowing and liquid swallowing in normal
subjects, it has not been studied after cervical spine surgery. Therefore, we analyzed the swallowing dynamics of masticatory
swallowing in anterior cervical spine disease surgery using foods that require chewing close to actual meals.

Methods A day before and one week after the surgery, a videofluoroscopic swallow study (VFSS) was performed, and the
distance of hyoid bone movement in the anterior and superior directions, amount of opening of the upper esophageal sphincter
(UES), time of passage through the pharynx, number of swallows, and amount of pharyngeal residual were measured on
the VFSS images during a masticatory swallow of corn flakes. The swallowing function was evaluated by DSS (dysphagia
severity scale) and FOIS (functional oral intake scale). Imaging software was used for the measurements.

Results Postoperative hyoid movement during masticatory swallowing was not significantly different for anterior movement
but significantly limited in upward movement (p =0.002); UES opening volume was significantly decreased (p <0.001), and
bolus residue was significantly worse (p <0.001), compared to preoperative. The pharyngeal transit time was not significantly
different; the number of swallows increased (p <0.001), along with DSS (p <0.001) and FOIS (p <0.001), with significant
differences before and after surgery, indicating worsened swallowing function.

Conclusions Swallowing function worsened in masticatory swallowing after surgery for cervical spine disease, mainly due
to the restriction of upward movement of the hyoid bone and the resulting increase in pharyngeal residuals after swallowing.

Keywords Anterior cervical discectomy and fusion - Chewing and swallowing function - Cervical spine disease -
Dysphagia

Introduction

Anterior cervical spine surgery is a common procedure for
most cervical spine lesions, including cervical disk hernia-
tion, cervical spondylotic myelopathy, and cervical ossifica-
tion of the posterior longitudinal ligament. There are few
serious complications that may occur after anterior cervical
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discectomy and fusion (ACDF). However, dysphagia is
known as one of the common complications after ACDF.
The incidence of dysphagia varies (2-83%) depending on
the phase after surgery [1-3]. A previous systematic review
reported that the incidence of dysphagia was higher in the
acute phase and gradually decreased over time. The overall
incidence of dysphagia within the first week after ACDF
was averaged at 33.1%, and decreased to 19.8% 6 months
after surgery [4]. Various causes for the development of
postoperative dysphagia have been reported. These include
edema of the esophageal or pharyngeal wall; postoperative
retropharyngeal hematoma; displaced bone graft, cage, or
plate; the use of recombinant human bone morphogenetic
protein-2; and neurologic injury to the recurrent laryngeal
nerve or superior laryngeal nerve [5]. However, prolonged
dysphagia can be a significant risk factor for decreased
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quality of life in patients and poor nutrition. The incidence
of chronic dysphagia has been reported to range from 3 to
35% [2].

In clinical practice, postoperative dysphagia can be a sig-
nificant problem. Spine surgery in the cervical region may
reduce the ability to elevate the larynx and contract the phar-
ynx during swallowing because the operative field includes
the supra- and infrahyoid muscle groups, which are involved
in swallowing function. However, few clinical studies have
focused on this perioperative swallowing function. Impaired
swallowing increases the risk of postoperative aspiration
pneumonia. Our previous study reported that 29.3% of
patients developed dysphagia after anterior fusion surgery
[3]. Postoperative complications can affect the length of hos-
pital stay, rehabilitation period, and patient prognosis. Thus,
perioperative assessment of swallowing function has become
a major clinical topic related to cervical surgery. Swallowing
indices such as the functional dysphagia scale, PAS (penetra-
tion aspiration scale) [6], pharyngeal retentions, and hyoid
bone movement worsen after ACDF surgery [7]. The com-
plications, including postoperative aspiration pneumonia and
dysphagia due to relatively prolonged aspiration, are clinical
problems that warrant management.

Since there are no studies reported on the detailed kinet-
ics analysis of swallowing in patients with cervical spine
diseases, we analyzed the swallowing dynamics during fluid
intake with a videofluoroscopic swallow study (VFSS) in
patients who had undergone anterior cervical fusion sur-
gery and reported the factors associated with postoperative
dysphagia. We found that an anterior-approached surgery
resulted in significant limitation of hyoid bone move-
ment, limited upper esophageal sphincter (UES) opening,
and increased pharyngeal residual volume and number of
swallows compared with preoperative surgery in liquid
swallowing. On the other hand, the posterior-approached
surgery results in limited forward movement of the hyoid
bone compared with preoperative. We also reported that
the postoperative procedure was associated with a signifi-
cant increase in pharyngeal residual volume compared to
the preoperative procedure, although it was less likely to
cause restriction of swallowing dynamics [3]. Swallowing
can be broadly divided into liquid and masticatory swallow-
ing. There are distinct differences between the two, from
feeding to the triggering of swallowing and airway defense.
In liquid swallowing, the liquid is sent to the pharynx with-
out going through food bolus formation after liquid inges-
tion. On the other hand, the tongue, soft palate, hyoid bone,
and the mandible’s opening and closing mouth movements
cooperate in chewing food and delivering it to the pharynx
efficiently in masticatory swallowing. As for the hyoid bone,
which is most involved in swallowing, previous studies in
healthy subjects have reported that the amount of forward
movement of the hyoid bone in masticatory swallowing is
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comparable to that in liquid swallowing, but the amount of
upward movement is increased [8]. Therefore, it is not clear
whether the large movement of the hyoid bone seen in mas-
ticatory swallowing, when impaired postoperatively, affects
swallowing function or food intake. The study aimed to
analyze the dynamics of masticatory swallowing using after
anterior approach using solid foods, and to obtain knowledge
on masticatory swallowing that is similar to actual eating
situations.

Materials and methods
Participants

Between April 2019 and July 2022, the 50 study subjects
who were considered for surgery (ACDF: anterior cervical
discectomy and fusion, ACCF: anterior cervical corpectomy
and fusion) in our orthopedic department consented to a
before and after surgery VFSS of swallowing and were able
to chew and swallow corn flakes (CF) were included. The
subjects were patients with cervical degenerative diseases,
such as cervical spondylotic myelopathy, cervical posterior
longitudinal ligament ossification, cervical spondylotic
amyotrophy, cervical disk herniation, and neoplastic lesions,
who consulted the orthopedic surgery department of this
university and for whom surgery was indicated. The num-
ber of fixed intervertebral segments was extracted from the
subject’s medical record describing the surgical procedure.
The exclusion criteria were as follows: (a) patients with a
progressive disease that may cause dysphagia, (b) patients
with structural or anatomical abnormalities due to previous
surgery performed on the head and neck region, (c) patients
with impaired consciousness and cognition or inability to
follow instructions, and (d) patients whose consent for the
study was not obtained. This study was approved by the Eth-
ics Committee of the Dentistry Department of the Tokyo
Medical and Dental University (approval number. D2019-
004). The design and conduct of this study adhered to the
general principles outlined in the Declaration of Helsinki.
After providing sufficient written and verbal explanations,
informed consent was obtained from all participants. The
required sample size was set using "G*Power" with a sig-
nificance level (a) of 0.05, power (1-f) of 0.8, and effect
size (f) of 0.5, calculated as 28 participants required for the
Wilcoxon test.

Data collection

The patients underwent VFSS the day before surgery and
one week after surgery, and VFSS video data were ana-
lyzed when the subjects chewed and swallowed CF. VFSS
in the lateral view was recorded with the subject in a sitting
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position using a digital X-ray TV system Flexavision (Shi-
madzu Medical Systems Corporation, Osaka, Japan). First,
the participants were instructed to swallow 4.0 cc of mod-
erately thick barium suspension (40% w/v) placed into the
subject’s mouth with a syringe. Second, the participants
chewed and swallowed the CF, which was made into about
a spoonful of mixed and crushed 4 cc of thick barium water
(40% w/v) of 2% added thickener [9].

Data analysis

The VFSS data were analyzed using Dipp-Motion V
(verl.2.2, DITECT Co., Tokyo, Japan) software. The analy-
sis items were anterior and superior hyoid movement (mm),
UES opening (mm), pharyngeal transit time (sec), the num-
ber of swallows, and pharyngeal residual volume (bolus resi-
due scale: BRS; 6 levels [10]), which were evaluated using
CF. Clinical severity classification of dysphagia (dysphagia
severity scale; 7 levels [11-13]) and nutritional intake levels
(functional oral intake scale; 7 levels [14]) were also evalu-
ated with 4 cc of liquid and CF in the state of swallowing.
Motion analysis of each video was performed by one dentist
blinded to the data.

The position of the hyoid bone was P1 at the lowest point
of the anterior surface of the second cervical vertebra (C2),
P2 at the lowest point of the anterior surface of the fourth
cervical vertebra (C4), and P3 at the most anterior point of
the hyoid bone (Fig. 1A). The straight line connecting P1
and P2 is the vertical axis (Y axis), the straight line perpen-
dicular to the Y axis and passing through P2 is the horizon-
tal axis (X-axis). In the coordinate system with P2 as the
origin, the most anterior point of the hyoid bone is X and Y

expressed in coordinates (Fig. 1B). Then, point A was set to
the position just before the sudden rise of the hyoid bone,
point B was set to the top of the hyoid bone, point C was
set to the anterior position of the hyoid bone, and point D
was set to the resting point of the hyoid bone after swallow-
ing. Using this XY plane, we plotted from the moment just
before the rapid elevation of the hyoid bone to the resting
position after swallowing. At the plotted points, forward and
upward displacements (IXcl — [Xal and IYbl — [Ydl) were
measured (mm), respectively (Fig. 2). A 14.3-mm metal
sphere was placed on the neck, and the X-ray image’s mag-
nification was standardized each time [15].

The degree of UES opening was defined as the ante-
rior—posterior length of the most constricted part of the
esophagus between the height of the third (C3) and sixth

Yb

Yd

Fig.2 An overview of the hyoid bone movement is shown. (i) Lift-
back movement. (ii) Lift forward movement (between A and C). (iii)
Descending backward movement (Between C and D)

Origin (P2)

Fig. 1 Indicates the coordinate axes used in the measurement. A Indicates the coordinates (P1, P2, P3) on which the measurement is based. B

Indicates the coordinate axes used for the measurement
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(C6) cervical vertebrae. The VFSS image obtained when
the extent of UES opening was the greatest during the
barium swallow was used for measurement.

The pharyngeal transit time was adopted as the time
required for the tip of the bolus to pass through the inter-
section of the root of the tongue and the inferior margin
of the mandible and for the posterior margin of the bolus
to pass through the esophageal entrance [16]. The number
of swallows was defined as the number of swallows until
the subject realized that the bolus was swallowed [17].

Statistical analysis

Statistical analysis was performed using SPSS Statistics
(SPSS 25.07J) from IBM (Chicago, IL, USA). Wilcoxon’s
signed-rank test was used to determine whether there was
a difference between the movements before and after sur-
gery for each item. Participants were also classified into
single-level and multilevel (> 2) fixed intervertebral counts
based on previous studies [18], and the same items were
compared pre- and postoperatively.

Table 1 Characteristics of patients (n=50)

Anterior cervical spine surgery n %
Age (median + SD) 59.0+10.98
Sex
Male 37 74.0
Female 13 26.0
Disease
Cervical disk herniation 15 30.0
Cervical spondylosis myelopathy 11 22.0
Ossification of posterior longitudinal 10 20.0
Cervical spondylotic amyotrophy 9 18.0
Others 5 10.0
Number of vertebrae
Single-level 14 28
Multilevel 36 72

Results

Table 1 shows the participants’ characteristics. All 50
subjects were able to perform VFSS before and after sur-
gery. The median age of the subjects was 59 years, with
37 males (74.0%) and 13 females (26.0%). Cervical disk
herniation was the most common disease in 15 patients
(30.0%). There was a tendency for postoperative anterior
hyoid movement to be restricted compared to preopera-
tive movement, but no significant difference was observed
(p=0.081). In contrast, upward movement was signifi-
cantly limited (p =0.002). The UES opening volume also
significantly decreased (p < 0.001). Pharyngeal transit time
increased compared to the preoperative period (p =0.687),
but the difference was insignificant. (Table 2; Fig. 3A-D).

Regarding the number of swallows, the percentage of
those who swallowed a spoonful of CF >3 times post-
operatively increased from 14% to 44.0%, significantly
increasing postoperatively compared to preoperatively
(»<0.001). BRS was significantly increased (p <0.001).
Before and after surgery, BRS decreased from 96.0 to
50.0% for BRS1 (no residual after swallowing) and
increased significantly from 2.0 to 20.0% for BRS4 (resid-
ual in the valleculae and posterior pharyngeal or piriform
sinus after swallowing), respectively. There was a signifi-
cant difference (p <0.001) in DSS before and after sur-
gery, indicating that aspiration was possible. The number
of people aspirating (DSS <4) increased from 2 (4%) to
14 (28%) postoperatively. There was also a significant dif-
ference (p < 0.001) in FOIS before and after surgery. After
surgery, FOIS 7 (normal diet level) decreased from 49
(98.0%) to 21 (42.0%). (Table 3; Fig. 4).

Divided by the number of fixed vertebrae, only upward
hyoid shift, the number of swallows, and FOIS were signif-
icantly worse in patients at the single intervertebral level.
The other items were not significantly different pre- and
postoperatively. In contrast, in patients with multiple lev-
els, swallowing dynamics and function worsened signifi-
cantly postoperatively for all items (Table 4).

Table 2 Changes in swallowing
dynamics after the anterior

approach (n=50)

Preoperative Postoperative p-value
Anterior hyoid bone movement (mm) 14.38 (8.76-26.97) 13.75 (7.03-26.35) 0.081
Superior hyoid bone movement (mm) 20.97 (10.73-31.35) 19.82 (7.23-36.81) 0.002*
UES opening (mm) 9.45 (2.1-16.49) 7.15 (2.19-16.0) <0.001*
PTT (sec) 0.39 (0.167-1.0) 0.4 (0.2-4.24) 0.687

Median (min—max)
*p<0.05
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Fig.3 A Box-and-whisker diagram in the amount of anterior hyoid shift. B Box-and-whisker diagram of changes in hyoid upward translation. C
Box-and-whisker diagram of changes in UES opening volume. D Box-and-whisker diagram of pharyngeal transit time

Discussion
Kinematic analysis of swallowing after surgery

During masticatory swallowing after cervical spine surgery,
the anterior movement of the hyoid bone movement was
not restricted, but the upward movement was significantly
restricted. In general, the hyoid bone is raised anteriorly
and upward by contraction of the suprahyoid muscle group,
which activates the anti-aspiration mechanism by raising the

food mass anteriorly and upward with the larynx before it
reaches the hypopharynx [19]. In addition, the infrahyoid
muscle group cooperates with the suprahyoid muscle group
in hyoid bone movement.

In anterior cervical fusion, the supra- and infrahyoid mus-
cles, such as the sternohyoid and scapulohyoid muscles, are
indirectly invaded intraoperatively [20]. Therefore, the func-
tion of the suprahyoid and infrahyoid muscle groups that
move the hyoid bone may be impaired within the first post-
operative week due to edema of the perioperative tissues.

@ Springer
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Table 3 Changes in swallowing function after the anterior approach
(n=50)

Preoperative Postoperative p value
Number of 2 (1-4) 2 (1-6) <0.001%*
swallows
BRS 1(1-4) 1.5 (1-4) <0.001*
DSS 7 (4-7) 71-7) <0.001*
FOIS 7 (6-7) 6 (1-7) <0.001*

Median (min—max)
*p<0.05

Among the suprahyoid muscles, the geniohyoid muscles
mainly move the hyoid bone anteriorly, and the digastric,
mylohyoid, and stylohyoid muscles mainly move the hyoid
bone upward. In the infrahyoid muscle group, the sternohy-
oid and scapulohyoid muscles are involved in the descent
of the hyoid bone. Therefore, the infrahyoid muscle group
may be more highly invaded than the suprahyoid muscle
group, and upward and downward motion is considered more
restricted than the anterior direction. The results of the pre-
sent study suggest that it is important for spine and neurosur-
geons to faithfully loosen retractors during anterior cervical
operation to avoid excessive compression that can impair the
function of these muscles and the inferior laryngeal nerve.
Postoperatively, the opening of the UES was significantly
reduced. Three mechanisms are involved in the opening of
the UES: relaxation of the cricopharyngeal muscle, con-
traction of the suprahyoid muscle group, elevation of the
hyoid bone, and pressure of the food mass [21]. However,
in the present study, no significant difference was observed
in the forward movement of the hyoid muscles. Therefore,
we considered that other factors influenced the UES open-
ing. The contracting muscles of the hypopharynx are the
thyropharyngeal and cricopharyngeal muscles innervated by
the vagus nerve. The vagus nerve branches to the pharyn-
geal muscles run around the C3-4 [22] and may be invaded
and disturbed if the upper cervical spine is included in the
operative area. Another factor is the postoperative edema of
the posterior wall of the pharynx [23]. It can be inferred that
the postoperative thickening of the posterior pharyngeal wall
physically compresses the upper esophageal sphincter. Also,
intraoperative and postoperative compression of the phar-
yngeal plexus could be possible [24]. Increased edema of
the posterior wall of the pharynx immediately after surgery
decreases the contractility of the pharynx related to dyspha-
gia [25]. Reports show that this pharyngeal edema is not
always associated with dysphagia [26]. However, the study
measured soft tissue thickness 2 weeks postoperatively,
whereas we evaluated it 1 week postoperatively. Further-
more, the swallowing function may be more impaired imme-
diately postoperatively and more susceptible to impaired
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passing of solid foods. Therefore, it was suggested that the
significantly increased pharyngeal residue of solid foods
postoperatively was caused by the impaired passage at the
esophageal orifice due to the narrowing of the pharyngeal
lumen caused by poor pharyngeal contraction and edema.

Our previous study showed that the number of fixed
intervertebral spaces was related to the presence or absence
of dysphagia in patients undergoing an anterior approach [3].
The greater the number of fixed multiple intervertebral seg-
ments, the more invasive is the surgical field, and the more
likely it is that the hyoid motion and UES opening involved
in swallowing will be restricted postoperatively. As a result,
the PPT will likely be prolonged and pharyngeal residuals
after masticatory swallowing will increase in multilevel
compared to single-level.

Factors related to postoperative masticatory
swallowing

In masticatory swallowing, before the swallowing reflex
occurs, the masticated food is gradually delivered to the oro-
pharynx (Stage II transport) before the start of the swallow
reflex to form a food bolus [27]. The transport mechanism to
the hypopharynx differs from that of liquid swallowing. In
a study comparing the hyoid bone movement in masticatory
and liquid swallowing, the amount of upward hyoid bone
lifting during swallowing was reported to be significantly
larger in masticatory swallowing than in liquid swallowing.
This suggests that postoperative limitation of hyoid bone
movement is more likely to affect masticatory swallowing.
Based on these findings, patients with enough masticatory
function to crush solid foods into a paste may be appropriate
to start meals with solid foods that induce masticatory swal-
lowing after anterior cervical spine surgery.

The number of swallows increased significantly post-
operatively. It is considered that the food tended to remain
in the pharynx because of the poor opening of the UES,
and the swallowing frequency increased to remove the resi-
due. In this study, the amount of cornflakes consumed was
defined as one spoonful, or approximately 4 g. However, a
larger amount could be ingested in actual meals or foods
requiring more chewing than cornflakes. The risk of aspira-
tion or choking due to increased pharyngeal residuals may
increase in such cases. Particular attention should be paid
to the ingestion of solid foods immediately after surgery.

Furthermore, pre-treatment rehabilitation for swallow-
ing function after chemoradiotherapy for head and neck
cancer was reported to significantly decrease the incidence
of post-treatment dysphagia [28, 29]. In patients with cer-
vical spine disease, preoperative rehabilitation might also
decrease postoperative dysphagia. Training that is not stress-
ful to the neck, such as tongue resistance training [30] and
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Fig.4 Bar graph of preoperative and postoperative changes in swallowing frequency, BRS, DSS, and FOIS

jaw-opening exercise [31], leading primarily to the training
of the suprahyoid muscle group, may be effective.

Finally, the more invasive anterior approach procedures
affect postoperative physical health [32-34]. Patients with

preoperative dysphagia also experience prolonged and
severe postoperative dysphagia [35]. Appropriate postop-
erative management, including assessment of swallowing
function, helps stabilize the postoperative physical health
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Table 4 Changes in swallowing dynamics after the anterior approach in patients with single- and multilevel fixed intervertebral counts

Single (n=14)

Multilevel (n=36)

Preoperative Postoperative p value Preoperative Postoperative p value
Anterior hyoid bone movement 15.68 (10.9-18.17)  15.24 (9.54-22.96) 0.925 13.57 (8.76-26.97) 12.73 (7.03-26.35) 0.049*
(mm)
Superior hyoid bone movement 21.13 (11.49-31.35) 20.06 (7.23-26.68) 0.03*  20.97 (10.73-28.78) 19.82 (10.21-36.81)  0.018*
(mm)
UES opening (mm) 8.51(3.48-13.18) 6.16 (3.61-13.7) 0.272  10.07 (2.1-16.49) 7.49 (2.19-16) <0.001*
PTT (sec) 0.37 (0.23-1) 0.37 (0.23-0.50) 0.944 0.4 (0.17-0.53) 0.32 (0.134.24) 0.002%*
Number of swallows 1(1-3) 1.5 (1-6) 0.042*% 2 (1-4) 2.5 (1-6) 0.001*
BRS 1(1-1) 1(1-4) 0.109 1(1-4) 2(14) <0.001*
DSS 7 (4-7) 7 (4-7) 0.083 747 6 (1-7) <0.001*
FOIS 7(7-7) 7(5-7) 0.023* 7 (6-7) 6 (1-7) <0.001*

Data are presented as median (min—max)

BRS Bolus residue scale, DSS dysphagia severity scale, FOIS functional oral intake scale, PTT pharyngeal transit time, UES upper esophageal

sphincter
*p<0.05

and prevent aspiration. Furthermore, it enables the provision
of a reasonable diet form for the patient, safe oral intake,
and early discharge from the hospital [36, 37]. This study
provides useful information that patients requiring multilevel
surgery are more likely to have restricted hyoid motion and
dysphagia than those with single-level surgery and are there-
fore more likely to require adjustments in diet form. Howells
SR et al. stated that it was clinically important to manage
patients’ swallowing function in collaboration with multiple
professionals in the hospital during the acute phase and with
speech therapists and dieticians in the community during
the chronic phase [38]. It is required to manage postopera-
tive dysphagia from the acute to the chronic postoperative
period, and we believe that the results of this study, which
analyzed the dynamics of chewing and swallowing solid
foods similar to actual meals in detail, can provide useful
information for orthopedic surgeons in their clinical practice.

Limitations

To our knowledge, this is the first study to investigate the
kinematic details of masticatory swallowing dynamics
after surgery for cervical spine disease. Several points
were not fully investigated in this study. First, since we
did not investigate the duration of mastication or the num-
ber of chews, whether postoperative mastication itself was
affected was not determined. Therefore, future studies
should also assess postoperative mastication. Second, the
postoperative alignment of the neck changes, and the width
of the pharyngeal cavity and the position of the hyoid bone
may change anatomically as well, which could affect the
swallowing function. Third, in the first postoperative
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week, peripharyngeal edema and tissue invasion around
the cervical spine may not have fully recovered. There-
fore, the swallowing function, including hyoid movement,
is usually expected to improve over time. However, there
are cases in which dysphagia persists for a long term, up
to 12 weeks postoperatively. In such cases, the degree of
dysphagia may also be severe. Future studies are needed to
investigate the factors in patients with chronic dysphagia.

Conclusion

This study’s results indicate that the upward movement
of the hyoid bone is restricted to masticatory swallow-
ing postoperatively. In addition, the neuromuscular effects
of surgery increase pharyngeal residuals postoperatively
and worsen as swallowing dynamics. Despite the relatively
minimally invasive nature of the surgery, nerves and mus-
cles involved in swallowing run in or around the operative
field, suggesting that physical pressure or other factors
may have occurred.
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