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Background: If the proportion of the spinal cord in the epidural space can be determined
under C-arm fluoroscopy during cervical epidural block, a safe entry point for the epidur-
al needle can be established. The aim of this study was the measurement of the cord to ca-
nal transverse diameter ratio of each cervical spines.

Methods: We retrospectively evaluated the imaging data of 100 patients who underwent
both cervical computed tomography (CT) and cervical magnetic resonance imaging
(MRI) at our hospital. We measured the diameters of the spinal canal and spinal cord from
the 3rd cervical vertebra to the 1st thoracic vertebra (T1) at each level by using the patients’
cervical CT and MRI images. The spinal cord and spinal canal diameters were measured
in the transverse plane of the cervical MRI and CT images, respectively.

Results: The spinal cord to spinal canal diameter ratio was the highest at the 4th and 5th
cervical vertebrae (0.64 £ 0.07) and the lowest at T1 (0.55 * 0.06, 99% CI [0.535, 0.565]).
Conclusions: Our findings suggest that the cord to canal transverse diameter ratio could
be used as a reference to reduce direct spinal cord injuries during cervical epidural block
under C-arm fluoroscopy. In the C-arm fluoroscopic image, if an imaginary line connect-
ing the left and right innermost lines of the pedicles of T1 is drawn and if the needle is in-
serted into the outer one-fifth of the left and right sides, the risk of puncturing the spinal
cord would be relatively reduced.

Keywords: Cervical cord; Cervical vertebrae; Epidural injections; Fluoroscopy; Safety
management; Spinal canal; Spinal cord injuries; Three-dimensional imaging.

Introduction

Cervical epidural nerve block is commonly used for the treatment of neck pain and ra-
diating pain in the upper extremities due to cervical disc herniation or postherpetic neu-
ralgia [1-5]. The interlaminar and transforaminal approaches are commonly used for
cervical epidural nerve block. Compared to the interlaminar approach, the transforam-
inal approach enables more effective injection of drugs that reduce inflammation and
nerve edema to the target lesions. However, the transforaminal approach might result in
serious complications, such as spinal radicular artery damage or spinal cord infarction,
during particulate steroid injection or epidural needle positioning [6-8]. Therefore, the

cervical interlaminar approach with nonparticulate steroid injection is recommended
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[9,10]. However, this approach could also result in serious compli-
cations, such as quadriplegia due to inadvertent intramedullary
injection or spinal cord injury, even when performed under
C-arm fluoroscopy [11,12].

Therefore, we aimed to identify a safe needle insertion point
that can avoid cervical cord punctures as far as possible when per-
forming cervical epidural block using the interlaminar approach
under C-arm fluoroscopy. To date, most studies have suggested
measuring the cervical cord diameter and cervical cord to canal
ratio in the sagittal plane to predict the risk of cervical cord injury
after trauma [13-16]. To our knowledge, this is the first study to
investigate the utility of the cervical cord to canal diameter ratio
for a safer interlaminar approach, which represents the cervical
cord to epidural space diameter in the coronal plane.

Cervical interlaminar epidural block is usually performed in the
prone position under C-arm fluoroscopy. We presumed that if the
ratio of the cervical cord to epidural diameter in the posteroanteri-
or (PA) view under C-arm fluoroscopy could be calculated, the
percentage of spinal cord punctures could be reduced by position-
ing the epidural needle at more lateral and safer levels. The epidur-
al space diameter could be measured as the innermost distance be-
tween the left and right pedicles under the C-arm fluoroscopy PA
view, but the C-arm image is a magnified image. Therefore, we
postulated that the transverse diameter of the epidural space under
C-arm fluoroscopy could be measured via computed tomography
(CT) because bony structures can be clearly visualized under CT,
and the transverse diameter of the cervical cord could be measured
via magnetic resonance imaging (MRI) at the same point. Accord-
ingly, the primary outcome of this study was the measurement of
the cord to canal transverse diameter ratio, i.e., the cord to epidural
space transverse diameter ratio of each cervical vertebral level from
the 3rd cervical vertebra (C3) to the 1st thoracic vertebra (T1). We
also aimed to determine the differences in the cord to canal trans-
verse diameter ratio according to the age, sex, height, and body

weight of the included patients.

Materials and Methods

This study was approved by the Institutional Review Board of
Daegu Catholic University Hospital (CR-21-045). This study was
conducted in accordance with the ethical principles of the Helsin-
ki Declaration-2013 and followed good clinical practice guide-
lines. The study included 100 patients (50 men and 50 women
aged 20 to 70 years old) who visited our hospital and underwent
both cervical CT and MRI simultaneously and whose medical re-
cords from December 1, 2020, through study completion, an av-

erage of two years were investigated retrospectively (Table 1). We
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Table 1. Demographic Characteristics

Variable
Sex (M/F) 50 (50)/50 (50)
Age (v1) 5343 £ 126 < 60 66 (66.0)

e 43 * 12.

et > 60 34(340)
<165 51(51.0
Height (cm) 163.54 £ 9.29 (51.0)
> 165 49 (49.0)
< 65 53(53.0
Weight (kg) 65.72 = 1347 (53.0)
>65  47(47.0)
<25 63 (63.0
Body mass index (kg/m”) 24.38 * 3.30 (63.0)
>25  37(37.0)

Values are presented as number (%) or mean * SD.

excluded patients who had a history of cervical spine surgery or
cervical cord edema, whose CT or MRI images did not include all
the cervical vertebrae from C3 to T1, and who had at least one
missing medical detail such as diagnosis, age, height, or weight.

The spinal canal diameter, i.e., the epidural transverse diameter,
was measured as the distance between the innermost border of
the left and right pedicles at each upper pedicular level from C3 to
T1 on transverse CT images by using a picture archiving and
communication system (PACS; INFINITT PACS G3, INFINITT
Healthcare, Korea) (Fig. 1). The spinal cord transverse diameter
was measured between the left and right outermost distances of
the cord at each upper pedicular level, which were almost the
same locations used for measuring the spinal canal diameter, from
C3 to T1 on transverse MRI images by using the PACS (Fig. 2).
All measurements were performed three times by an anesthesiol-
ogist, and the average values were used as data in the analyses.

Summary for general characteristics were performed using de-
scriptive analysis, the values of mean and standard deviation (SD)
presented for quantitative variables, and the values of frequency
and percent for qualitative variables. Comparison result for spinal
canal transverse diameter, spinal cord transverse diameter, and ra-
tio of the cord to canal transverse diameter were analyzed using
repeated measure one factor analysis. Comparison result for spi-
nal canal transverse diameter, spinal cord transverse diameter, and
ratio of the cord to canal transverse diameter by demographic
characteristics and interaction effects were analyzed using repeat-
ed measure two factor analysis. Multiple comparison result was
performed by contrast under Bonferroni correction. The data
analysis was performed by a medical statistician. All statistical
analyses were performed using the IBM SPSS Statistics for Win-
dows, version 19.0 (IBM Corp., USA). And all tests were two-sid-
ed and a P value of less than 0.05 considered to indicate statistical
significance.

The sample size was calculated on the basis of the findings of a
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Fig. 1. (A) Cervical canal diameter measured using a CT image. (B) Landmarks used to measure the cervical canal diameter. CT: computed

tomography.

Fig. 2. (A) Cervical cord diameter measured using a MRI. (B) Landmarks used to measure the cervical cord diameter. MRI: magnetic resonance

image.

previous study [13] in which the ratio of the anteroposterior (AP)
diameter of the spinal cord to the size of the spinal bony canal was
51.5 + 5.7% and 46.5 + 6.1% at C3 and the 7th cervical vertebra
(C7), respectively. Accordingly, the number of patients required
for a type I error of 0.05 and a power of 80% was 100.

Results

The transverse diameter of the spinal canal measured on CT
was 20.4 + 1.54 mm at C3, and it was longer than that measured
at T1 (17.87 + 1.47 mm). The diameter was the longest (20.7 +
1.56 mm) at the 5th cervical vertebra (C5), and the diameters
gradually shortened at the lower cervical vertebrae (Table 2). The

https://doi.org/10.4097/kja.22006

transverse diameter of the spinal cord measured on MRI was the
longest at C5 (13.25 + 0.95 mm) and the shortest at T1 (9.80 +
0.76 mm) (Table 3). The cord to canal transverse diameter ratios,
namely the cord to epidural space transverse diameter ratio of
each cervical vertebral level, were the highest at the 4th cervical
vertebra (C4) and C5 (0.64 + 0.07) and the lowest at T1 (0.55 +
0.06, 95% CI [0.538, 0.562], 99% CI [0.535, 0.565]). The cord to
canal transverse diameter ratios were significantly lower at T1
than at C3, C4, C5, 6th cervical vertebra (C6), and C7. The cord
to canal transverse diameter ratios were also significantly lower at
C7 (0.57 £ 0.07, 95% CI [0.556, 0.584], 99% CI [0.552, 0.588])
than at C3, C4, C5, and C6 (Table 4, Fig. 3). However, no signifi-

cant difference was observed according to sex, age, height, weight,
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Table 2. Spinal Canal Transverse Diameter (Width) at Each Upper Pedicular Level in the Coronal Plane Measured Using CT

P value
G

C7 T1

C3 C4 C5 Co

Spinal level
< 0.001*
C3,C4,C5,C6 > C7 - -
> T1'
< 0.001* 0.008*

C3,C4,C5,C6 > C7 0.002 C3,C4,C5, C6,
> T1' C7>TI1'

< 0.001*

C3,C4,C5,C6 > C7 0.013
> T1'

< 0.001*

C3,C4,C5,C6 > C7 0.000
> T1'

< 0.001*

C3,C4,C5,C6 > C7 0.033
> T1'

< 0.001*

C3,C4,C5,C6 > C7 0617
> T1'

Values are presented as mean + SD. P values are obtained via repeated-measures one-factor or two-factor analysis. BMI: body mass index, CT:

computed tomograpy, G: group. *Statistically significant at P < 0.05, "Multiple comparison result by contrast.

Spinal level*G

Total 204 + 1.54 2046 * 1.53 20.7 £ 1.56 20.63 £ 1.46 19.77 + 1.57 17.87 + 1.47

20.69 + 1.68
20.11 £ 1.35

20.67 + 1.78
20.26 + 1.22

21.04 £ 1.73
2037 £ 1.3

21.01
20.26 +

1.63
1.16

2027 £ 1.5
19.29 £ 1.51

18.53 + 1.42
17.21 £ 1.22

Sex

es]

< 60
> 60

20.67 + 1.58
19.86 + 1.33

20.68 + 1.49
20.01 + 1.53

21.02 + 1.32
20.08 + 1.82

20.84 =
20.21 +

1.34
1.61

1994 + 1.4
19.44 £ 1.85

18.03 + 1.54
17.54 £ 1.29

Age
0.525

1.19
1.55

19.3 £ 1.57
20.26 + 1.44

17.25 + 1.26
18.5 £ 1.42

Height < 165

165

19.98 + 1.31
20.83 = 1.65

20.12 + 1.24
20.81 + 1.73

20.22 £ 1.55
21.19 + 143

20.15

2112 + 0.397

[\

1.45
1.47

19.57 + 1.66
20.01 £ 145

17.5 £ 1.47
18.29 + 1.38

Weight <
= 65

20.04 £ 1.31
20.81 £ 1.7

20.32 + 1.32
20.62 + 1.74

20.37 £ 1.55
21.09 £ 1.5

20.51

20.77 £ 0.123

BMI 19.78 + 1.65 17.73 £ 1.58

19.76 £ 1.45 18.09 + 1.26

<25
> 25

20.24 £ 1.58 2041 * 1.64
20.66 £ 1.46 20.54 * 1.35

20.65 + 1.43 20.71 £ 1.38

20.79 £ 1.78 20.5 + 1.59 0.164

Table 3. Spinal Cord Transverse Diameter (Width) at Each Upper Pedicular Level in the Coronal Plane Measured Using MRI

P value
Total 123 £ 0.86 13.06 £ 1.02 13.25 £ 0.95 12.78 £ 099 11.26 £ 1.03 9.80 £ 0.76 < 0.001*
C3,C4,C5,C6 > C7 > T1' i
Sex M 1220 £ 090 12.96 £ 1.08 13.22 £ 0.92 12.69 + 1.08 11.28 £ 1.16 9.83 £ 0.86 < 0.001*
F 1242 + 0.81 13.19 + 0.94 1329 = 1.00 12.89 + 0.87 11.22 * 0.86 9.76 * 0.64 C3,C4,C5,C6 > C7 > T1' 0.581 0202

Age <60 1221 %093 1294 £ 1.12 13.17 £ 1.01 12.63 £ 1.02 11.20 £ 1.06 9.73 £ 0.77 < 0.001* 0142 0.585

>60 1245 0.72 1329 £ 0.79 13.39 + 0.83 13.06 £ 0.88 11.36 £ 0.97 9.91 + 0.74 C3,C4,C5,C6 > C7 > T1"
Height < 165 12.35 * 0.84 13.10 + 1.04 13.20 = 1.00 12.83 £ 0.85 11.18 ¥ 0.78 9.76 * 0.62 < 0.001* 0953 0,449

> 165 1225+ 0.89 13.02 + 1.01 13.30 £ 091 12.74 = 1.11 11.33 £ 123 9.83 + 0.88 (C3,C4,C5C6 > C7 > T1" '
Weight < 65 12.39 £ 0.85 13.23 = 1.04 1341 * 1.03 12.97 £ 0.94 11.37 £ 0.98 9.88 + 0.77 < 0.001* 0113 0737

>65 1220+ 0.87 12.89 £ 0.98 13.09 + 0.84 12.59 * 1.01 11.13 £ 1.07 9.71 + 0.75 C3,C4,C5,C6 > C7 > T1" ’
BMI <25 1235%0.86 13.15% 0.99 13.34 £ 0.96 12.87 £ 0.93 11.35+ 1.00 9.88 £ 0.78 < 0.001* 0199 0.986

>25 1220 0.86 1291 * 1.08 13.09 + 0.94 12.61 £ 1.08 11.08 = 1.07 9.64 = 0.70 C3,C4,C5,C6 > C7 > T1'

Values are presented as mean + SD. P values are obtained via repeated-measures one-factor or two-factor analysis. BMI: body mass index, G:
group, MRI: magnetic resonance image. *Statistically significant at P < 0.05, "Multiple comparison result by contrast.

and the body mass index.

Discussion

On comparing the transverse diameters of the spinal canal
and spinal cord by using CT and MR], the cord to canal diame-
ter ratio was the highest at C4 and C5 and the lowest at T1. In
this study, the T1 level was close to the C7 to T1 interlaminar fo-

ramen because the diameters of the spinal canal and spinal cord
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were measured at the upper pedicular levels. If epidural block
was performed under C-arm fluoroscopy, the T1 level would be
the safest injection site to reduce spinal cord injuries during cer-
vical epidural block, as shown in previous reports [12]. Consid-
ering that the cord to canal transverse diameter ratio increases
as we move to the upper cervical vertebrae, performing an epi-
dural nerve block at levels higher than C6-7 and C7-T1 would
increase the probability of spinal cord injury. Assuming the spi-

nal cord was located in the middle of the vertebral body in the

https://doi.org/10.4097/kja.22006
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Table 4. Ratio of the Transverse Diameter (Width) of the Spinal Cord/Spinal Canal at Each Vertebral Level

P value
C3 C4 C5 C6 C7 T1 Spinal level 125::111%
Total 0.61 £ 0.07 064+ 007 0.64%007 0.62=*0.07 057007 055006 < 0.001*
C3,C4,C5,C6 > C7 > T1' i i
Sex M 059 £0.07 063008 063%009 061*008 056*008 053007 < 0.001* 008 0616
F 0.62*006 065%*006 065%006 0.64*005 058=*005 057 *0.05 C3,C4,C5C6 > C7 > T1'
Age <60 06*007 0.63*007 063006 061*007 056*007 054*006 <0.001* 0010 0480
>60 063006 067 %007 0.67*0.09 065%006 0.58*007 057=*006 C3,C4,C5C6>C7>T1
Height < 165 0.62 * 0.06 0.65* 0.06 0.66 * 0.08 0.64 * 0.06 0.58 * 0.06 0.57 * 0.05 < 0.001* 0030 0734
> 165 0.59 £ 0.07 0.63 = 0.08 0.63 = 0.07 061 =007 0.56 £ 0.08 0.53 * 0.07 C3,C4,C5,C6 > C7 >T1" '
Weight < 65 0.62 % 0.06 0.65 * 0.07 0.66 + 0.08 0.63 * 0.07 0.58 * 0.07 0.57 * 0.06 < 0.001* 008 0713
>65 059007 0.63%008 062*006 061 *0.07 056007 053*006 C3,C4,C5C6>C7>T1" '
BMI <25 0.62*0.06 065%007 065%006 0.62%006 057*007 056006 < 0.001*
>25 059+ 007 0.63%007 0.63*0.09 062*008 057*007 053=*006 C3,C4,C5C6>C7>T1 0228 0471

Values are presented as mean + SD. P values are obtained via repeated-measures one-factor or two-factor analysis. BMI: body mass index, G:
group. *Statistically significant at P < 0.05, "Multiple comparison result by contrast.
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Fig. 3. Graphs showing the ratio of the cervical cord/cervical canal diameter at each level. (A) The cord to canal diameter ratios were significantly
lower at C7 and T1 than at C3, C4, C5, and C6. (B) There was no significant difference according to sex. *Statistically significant at P < 0.05.

coronal plane and epidural block was performed at the T1 level,
we could postulate that the risk of direct spinal cord puncture by
the epidural needle would be reduced if the needle was inserted
in the outer one-fifth region when an imaginary line was drawn
between the innermost site of the pedicle under C-arm fluoros-
copy, because the cord to canal diameter ratio at this site was the
lowest (Fig. 4). In other words, assuming that the transverse di-
ameter of the spinal canal is 1, the mean value, 95% CI, and 99%
CI values of the cord to canal transverse diameter ratio are less
than 0.6. This means that the outer sum of the cord is over 0.4;
therefore, the possibility of having spinal cord in the outer one-
fifth region of the transverse spinal canal on both sides is ex-
tremely low.

If cervical interlaminar epidural nerve block was performed by

inserting the needle to the outside as much as possible, it would

https://doi.org/10.4097/kja.22006

result in effective left or right unilateral block. Although this is an
imaginary line, if the operator performs the cervical epidural
nerve block along this virtual line, direct damage to the spinal
cord caused by the needle could be reduced or prevented. Howev-
er, the present study describes the location where the cord cannot
be directly pierced with a needle as much as possible using imag-
es, and it is not a study that was actually conducted on patients.
When positioning the needle on the outer one-fifth of the cervical
canal under the C-arm AP image during the cervical epidural
block, it should be considered that the ligamentum flavum is thin-
ner as it goes outward rather than in the center, and if the needle
is pierced too deeply, it can cause root injury.

Complications that may occur during cervical epidural nerve
block include rare and serious ones like spinal cord injury, epi-

dural hematoma, and epidural abscess, as well as minor ones
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Fig. 4. Schematic figure showing the imaginary lines that are observed using C-arm fluoroscopy during the cervical epidural block. The epidural
needles are placed in the outer one-fifth of the cervical canal width by paramedian (A) and modified paramedian (B) approaches. The cervical
cord will be in the inner three-fifth of the cervical canal width. A: cervical cord width, B: cervical epidural width, D: intervertebral disc, P: pedicle.

like post-dural puncture headache and paresthesia [17]. All the
reported cases of spinal cord injury during cervical epidural
nerve block occurred under deep sedation [12,18]. Therefore,
performing the procedure under arousal or under appropriate
sedation is recommended so that the patient’s response can be
immediately confirmed during the procedure and potential in-
juries can be avoided or reduced. In addition, because the liga-
mentum flavum of the cervical spine has a fusion defect rate
ranging from 51% to 74% depending on the level of the cervical
spine, the possibility exists that the operator might not feel the
loss of resistance when performing an epidural block using the
midline approach [19].

Stanley et al. [20] reported that the spinal canal AP diameters
measured in the sagittal plane were shorter at C3, C4, and C5 than
at other levels. The cross-sectional area of the spinal canal was the
smallest at C4 and C7. Inoue et al. [15] used CT myelography and
reported that the spinal canal AP diameter and spinal cord AP
diameter in the sagittal plane decreased gradually from the C3 to
C6 levels. Similarly, the transverse diameters measured from the
axial image in the present study gradually decreased from cranial
to caudal levels. On average, the spinal canal AP diameters range
from 15.33 to 20.46 mm from C1 to C7 in the sagittal plane, with
the longest diameter at C1 and the shortest at C4 [21,22]. More-
over, the sagittal canal diameters are shorter in females than in

males by approximately 1 mm [21]. Ishikawa et al. [14] reported
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that the mean spinal cord areas in the coronal plane were the
widest at C4 and in the 20s, but it decreased with age. Nakashima
et al. [13] reported that the spinal canal diameter did not cor-
relate with the spinal cord diameter, but correlated with the AP
diameter of the dura mater in the sagittal plane. They also report-
ed that the AP diameter of the spinal cord was approximately
50% of that of the spinal canal and the AP diameter of the spinal
cord was approximately 60% of that of the dural sac in the sagit-
tal plane. In the present study, the ratio of the transverse diameter
of the spinal cord to that of the epidural space obtained from the
axial images was in the range of 0.55 to 0.64, showing similar re-
sults to the previous study that measured the AP diameters in the
sagittal plane.

This study also has a few limitations. Although CT is very use-
ful for visualizing bony structures, it does not allow the measure-
ment of the exact diameter of the spinal cord. Therefore, in this
study, the diameter of the spinal canal was measured using CT,
and the diameter of the spinal cord was measured using MRI,
which helped accurately visualize the structure of the spinal cord.
Consequently, although the measurement location was set to
each pedicle, some errors may have been introduced because the
measurement point was not identical in CT and MRI. However,
since the images were acquired at intervals of 1 mm, the differ-
ence was insignificant. In addition, CT or MRI cross-sections

were not always obtained perpendicular to the cross-sectional

https://doi.org/10.4097/kja.22006



area during diameter measurements. Nevertheless, since we mea-
sured transverse but not AP diameters, the diameters of the spi-
nal cord and spinal canal should be identical even if the image
slice was not cut vertically, and hence, this variation did not affect
the length measurements. Finally, the MRI or CT of a patient is
taken in the supine position, while an actual epidural block is
performed in the prone position with neck flexion. Furthermore,
in the prone position with neck flexion, the cervical cord moves
to the ventral side and is tented; therefore, it may not exactly
match the cord to canal diameter ratio measured in this study
and that in the actual epidural block. In the sagittal plane, as the
cervical cord moves to the anterior space in the prone position
with neck flexion, the length of the posterior epidural space can
be significantly increased. However, in the coronal plane, even if
the cord moves to the anterior space, there is no significant dif-
ference in the cord width; consequently, there may be no signifi-
cant change in the cord to canal transverse diameter ratio accord-
ing to the position.

In conclusion, we measured the transverse diameters of the cer-
vical spinal canal and spinal cord and calculated the spinal cord to
spinal canal diameter ratios at various cervical vertebrae and
found that the ratios were the smallest at T1 and the largest at C4
and C5. By using our data as reference, cervical epidural nerve
block under C-arm fluoroscopy could be performed after consid-
ering the location of the imaginary spinal cord in order to poten-
tially avoid serious side effects such as direct spinal cord punc-

tures.
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