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Abstract The relationship of the esophagus to the cer-
vical vertebral body (CVB), disc space and longus colli
(LC) muscles, to our knowledge, has not been previously
studied. The purpose of this study was to quantify the
relationship of the esophagus to the CVB, disc space and
LC. 30 patients were selected for a retrospective review of
computed tomography (CT) scans. Measurements between
the esophagus and the C5, C6, and C7 vertebral bodies as
well as the C5/6 and C6/7 disc spaces were performed in
the midline, 3 mm right and left of midline, and at the edge
of the LC on both sides. The closest distance of the
esophagus to the CVB and disc space occurs at the midline
(range 1.02-1.31 mm at each level). The furthest distance
occurred at the edge of the right LC (range 2.67-3.30 mm
at each level). The mean distance from the edge of the right
LC to the midline was significantly greater (P < 0.01) than
mean distance from the edge of the left LC to the midline.
No statistical significant differences were observed when
comparing measurements at the individual vertebral bodies
and disc spaces. The results of the study demonstrate that
the esophagus lies in closest proximity to the CVB and disc
space in the midline. A larger potential space exists be-
tween the esophagus and the CVB and disc space at the
edge of the LC. These results may provide insight into a
potential cause of post-operative dysphagia. Furthermore,
it may help guide the future design of cervical plates to
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better utilize the potential space between the esophagus and
the CVB and disc space at the edge of the LC.
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Introduction

The treatment of cervical spine disorders with anterior
cervical discectomy and fusion (ACDF) was first popu-
larized by Smith and Robinson in 1958. Since then, it has
evolved into the gold standard for the treatment of cervical
radiculopathy and myelopathy [1, 5, 6, 13]. In the litera-
ture, the results of ACDF have been reported to produce
good clinical results with high patient satisfaction scores
[4, 9].

Despite the reliability of this procedure, dysphagia has
been reported as a common complication of ACDF [2, 3,
14, 15]. Riley et al. [12] found a 21.3% incidence of
dysphagia at 2-year follow-up. Other authors have even
documented abnormal swallowing studies and video-
laryngoendoscopy following ACDF [§].

The etiology of dysphagia following ACDF is multi-
factorial. Hematoma, pharyngeal plexus denervation, vocal
cord paralysis, adhesion formation and hardware have all
been implicated as possible causes of post-operative dys-
phagia. The hardware used in ACDF procedures is at the
discretion of the operating surgeon. Therefore, it may be
one of the few modifiable factors over which the surgeon
has direct control. Fogel and McDonnell [7] have shown
that the removal of cervical instrumentation improves
dysphagia in the majority of patients. They reported finding
extensive adhesions between the esophagus, the preverte-
bral fascia, the hardware and the anterior cervical spine at
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the time of removal. In another study, Lee et al. [11]
demonstrated that a smoother, thinner plate reduces the
incidence of post-operative dysphagia following ACDF.

Despite these findings, there is little literature about the
anatomy of the esophagus in relation to the anterior cer-
vical spine. A search of the English literature resulted in
only one relevant article. Karaikovic et al. [10] performed
CT scans on ten cadavers to assess the safety zone anterior
to the cervical spine when placing pedicle screws posteri-
orly. They found no safety zone anterior to the cervical
spine below C2.

The purpose of this study is to describe the anatomy of
the esophagus in relation to the anterior cervical spine. By
carefully defining the anatomy, it is hoped that implant
designs can be modified to decrease contact between the
instrumentation and the esophagus, and thereby reducing
the incidence of post-operative dysphagia.

Materials and methods

Thirty patients who had undergone cervical CT scans were
randomly selected and the CT images reviewed (Fig. 1).
Patients were excluded from the study if they had previous
anterior cervical surgery, previous esophageal surgery, or
significant anterior osteophyte formation. The study group
consisted of 13 females and 17 males. The mean age of the
patients was 51 years (range 32 to 70 years old).

The CT scans were performed on a GE high speed CT/I.
The image thickness was set at 1| mm with an interslice gap
of 0.5 mm. Settings were: FOV—I12 cm; kV—120; and
mA—approx. 100 to 200.

Measurements were performed by a spine surgery fel-
low. Utilizing the Phillips/PACS system, measurements
were made on the CT images and rounded to the nearest
0.01 mm. All measurements were confirmed by an ortho-
pedic radiologist or a senior orthopedic spine surgeon.
Measurements were taken at the midpoint of the C5, C6
and C7 vertebral bodies and at the level of the C5/6 and
C6/7 disc spaces. These levels were in the study because
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they represent the most common sites of symptomatic
cervical spondylosis.

The measurements included anterior—posterior (AP)
measurements between the esophagus and vertebral body
in the midline, 3 mm left and right of the midline and at the
medial edge of the longus colli muscles bilaterally
(Fig. 2a—c). Horizontal measurements were taken from the
midline of the vertebral body or disc space to the medial
edge of the longus colli muscles bilaterally (Fig. 3).

The mean with standard deviations were calculated for
AP as well as for horizontal distances at all five levels (C5,
C5/6, C6, C6/7, C7). Statistical differences between dis-

Midline

L

Fig. 2 a Anterior—posterior measurements. Measurements were
performed by measuring the distance from the anterior aspect of the
vertebral body or disc space to the posterior aspect of the esophagus
in the midline of the CVB or disc space (space between arrowheads).
b Anterior—posterior measurements. Measurements were performed
by measuring the distance from the anterior aspect of the vertebral
body or disc space 3 mm from the midline to the posterior aspect of
the esophagus (space between arrowheads). ¢ Anterior—posterior
measurements. Measurements were performed by measuring the
distance from the anterior aspect of the vertebral body or disc space at
the medial edge of the longus colli muscle bilaterally to the posterior
aspect of the esophagus (space between arrowheads)
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Fig. 3 Horizontal measurements. Measurements were performed
from the midline of the vertebral body or disc space to the medial
edge of the longus colli muscles bilaterally (black arrows)

tances from the right and left of the esophagus to the midline
were calculated using a two-tailed Student’s  test. Statistical
significance was determined at an alpha level of 0.05.

Results

The closest distance of the esophagus to the cervical spine
was located in the midline of the vertebral body or disc
space (mean from 1.02 to 1.31 mm; see Table 1 and Figs. 4,
5, 6,7, 8). The farthest distance between the esophagus and
the cervical spine occurred at the medial edge of the right
longus colli muscle (mean 2.67-3.30 mm). Significance
was found when comparing the mean distances from the
edge of the longus colli to the midline of the vertebral body
or disc space, with a greater distance on the right
(P < 0.01). No statistical significance was found in the AP
measurements when comparing values taken at the verte-
bral bodies to values taken at the disc spaces. Horizontal
measurements showed no statistically significant difference
between the right and left side (see Table 2).

Discussion
This study serves as the first to explicitly describe the

anatomy of the esophagus relative to the cervical spine. It

Table 1 Anterior—posterior measurements

Right Right Midline Left Left
edge LC 3 mm 3 mm edge LC
C5 2.87 1.44 1.12 1.25 2.12
C5/6 2.67 1.47 1.02 1.11 1.83
Cé6 33 1.88 1.31 1.58 2.48
Co/7 3.14 1.36 1.13 1.2 224
Cc7 2.85 1.25 1.02 1.09 2.03

illustrates that the least quantity of potential space between
the esophagus and the cervical spine occurs in the midline.
In terms of laterality, there is significantly more usable
space adjacent to the medial edge of the right longus colli.
The relationship between the esophagus and spine does not
change significantly from the level of the C5 vertebral body
to the C7 vertebral body.

Given the relatively high incidence of dysphagia fol-
lowing ACDF any factor which may limit this complica-
tion could be potentially beneficial for patients [2, 3, 8, 12,
14, 15]. Hardware is known to be a contributor to this
problem [7, 11]. Now, with a clear description of the
normal anatomy in this region, implants can be designed
which will place limited pressure on crucial anterior
structures such as the esophagus. With an average distance
in the midline of 1.02 to 1.31 mm between the cervical
spine and the esophagus, the vast majority of cervical
plates available today cause resting pressure on the
esophagus. This could potentially contribute to dysphagia.
It is anticipated that future hardware designs can incorpo-
rate these findings and limit hardware profiles in the mid-
line. By preserving the natural course of the esophagus, it
would be anticipated that the incidence of dysphagia could
be limited. Much like anterior cervical fusion plates, cer-
vical disc replacements that incorporate anterior flanges or
screw fixation may benefit from similar considerations.
Given the maintenance of motion with cervical disc
replacement and potential frictional effects of hardware on
the esophagus, our findings may be even more pertinent to
these devices.

The limitations of our study include the fact that we used
“‘normal’” patients for analysis. Surgical candidates can
often have significant anterior cervical osteophytes and may
even present with antero- or retrolisthesis at one or more
levels. The osteophytes are typically removed at surgery in
order to fully decompress the disc space and to accommo-
date hardware. These osteophytes are produced over years
of the degenerative process, and given that extended time
period the surrounding structures have time to accommo-
date to the mass effect that is created. Hence these osteo-
phytes may not contribute to dysphagia in the un-operated
cervical spine. Only after there has been surgical trauma and
the edition of a plate do the symptoms of dysphagia mani-
fest. Since osteophyte removal is necessary for plate
application, they should not contribute to the ultimate
relationship that would be found between the esophagus and
the cervical spine following ACDF. Rather our findings,
recorded from ‘‘normal’’ patients, would be applicable.

The CT scans were obtained in the supine position. It
remains unknown if the position of the esophagus relative
to the cervical spine changes in an upright position. This
appears unlikely as the supine position via gravity, directs
more of a posterior force on the esophagus. Lastly, our
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Fig. 4 Graphical representation
of the anterior—posterior
measurements at the level of the
CS vertebral body. The graph
illustrates that the esophagus is
in closest proximity to the
vertebral body at the midpoint
of the vertebral body or disc
space

Fig. 5 Graphical representation
of the anterior—posterior
measurements at the level of the
C5/6 disc space. The graph
illustrates that the esophagus is
in closest proximity to the
vertebral body at the midpoint
of the vertebral body or disc
space

Fig. 6 Graphical representation
of the anterior—posterior
measurements at the level of the
C6 vertebral body. The graph
illustrates that the esophagus is
in closest proximity to the
vertebral body at the midpoint
of the vertebral body or disc
space
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Fig. 7 Graphical representation
of the anterior—posterior 354
measurements at the level of the
C6/7 disc space. The graph
illustrates that the esophagus is
in closest proximity to the
vertebral body at the midpoint 25
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of the vertebral body or disc
space

Distance(mm)

w

Fig. 8 Graphical representation

of the anterior—posterior 3
measurements at the level of the

C7 vertebral body. The graph

illustrates that the esophagus is 25
in closest proximity to the

vertebral body at the midpoint

Distance(mm)

]IHE

REdge LC

Raght 3rrm Midlne Left 3rm

L Edge LC

Anatomic Relationship of Esophagus to C7 Vertebral Body

o

(=]

of the vertebral body or disc 2
space
15—
| I I I

REdge LC

Table 2 Horizontal measurements from midline to longus colli

Right Left
(O3] 4.89 5.02
C5/6 5.47 5.49
Co6 545 542
co/7 5.19 5.26
Cc7 5.25 5.36

study was limited to the levels C5 through C7. Findings at
other levels will require further study and cannot be di-
rectly extrapolated from this report.

One interesting finding observed in this study, although
not specifically measured quantitatively, was the anatomic

Fight 3nm Midine Left 3rm L Edge LC

variability of the esophagus as it descends anterior to the
cervical spine. In most cases, the esophagus proper be-
comes well defined at the level of C6. Above, the crico-
pharyngeus muscle marks the transition from the
hypopharynx to the esophagus. There was some anatomic
variance as to the exact level where this transition oc-
curred. This too may contribute to the potential risk or
predisposition that any particular patient has in developing
dysphagia following ACDF.

Conclusions
In summary, the relationship between the esophagus and

anterior cervical spine has been described from the level of
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the C5 vertebral body to the C7 vertebral body. The
esophagus lies closest to the vertebral bodies and disc
spaces in the midline. A potentially usable space exists
between the esophagus and cervical spine at the medial
edge of the longus colli muscle bilaterally, right greater
than left. Future implant designs will hopefully utilize the
relationship of the esophagus to the anterior cervical spine
to reduce the incidence of post-operative dysphagia.
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