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Comparison of magnetiC resonanCe 
imaging and intraproCedural CerviCal epidural 

depth: a Case series

Background: Cervical epidural depth is assessed intraprocedurally using loss-of-resistance technique and fluoroscopy. 
It would be helpful if this depth could be predicted using magnetic resonance imaging (MRI) images.

Methods:   This is a case series of 10 patients undergoing cervical epidural steroid injections (CESIs). The following 
measurements were made: intraprocedural depth, measured on Tuohy needles intraprocedurally, and 
MRI depth, measured from the MRI cervical spine. Linear regression models were used to compare the 2 
depths.

Results:   For intraprocedural depth vs sagittal MRI depth, R (Version 4.2.0, R Foundation for Statistical Computing, 
Vienna, Austria, 2021) was 0.8744, P value < 0.0001. For intraprocedural depth vs axial MRI depth, R 
was 0.8582, P value < 0.001.

Conclusions:  Knowledge of the cervical epidural depth prior to CESIs may improve the safety and efficacy of these 
procedures.
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BACKGROUND

Cervical epidural steroid injections (CESIs) are com-
monly performed for cervical radiculopathy and other 
pain syndromes originating from the cervical spine. 
For safety and accuracy, CESIs are performed under 
fluoroscopy. Patients are usually awake and in the prone 
position. There is moderate evidence that CESIs provide 
both short- and long-term pain relief in patients with 
cervical radicular symptoms (1). The procedures in the 
cervical region, however, carry a low but very serious 
risk of complications (2). An inaccurate needle passage 

may lead to a postdural puncture, arachnoiditis, and a 
spinal cord injury (3).

CESIs can be technically challenging because of patient 
anatomical variations, narrowness of the epidural space, 
and the proximity of the needle to the spinal cord (4). 
There have been studies that investigated the relation-
ships between the distance from the skin to the epidural 
space in adults as it relates to patient age, height, weight, 
and neck circumference, but only a couple of studies (5,6) 
that have used estimates drawn from magnetic resonance 
imaging (MRI) as a factor for comparison.
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Cervical epidural depth, the distance from the surface 
of the skin to the epidural space, is currently assessed 
intraprocedurally using the loss-of-resistance technique 
and fluoroscopically obtained lateral or oblique images. 
It would be useful to clinicians if this depth could be 
reliably measured using MRI images, which are typically 
obtained prior to these procedures. Accurate reproce-
dural assessment of the cervical epidural depth holds 
the potential for improving patient comfort, reducing 
risks, and radiation exposure (5). The purpose of this 
study is to add to previous studies about whether there 
is a correlation between MRI depth and intraprocedural 
depth; this study is unique in that it assesses both sagittal 
and axial MRI images (Figs. 1 and 2).

METHODS

This is a case series involving patients diagnosed with 
cervical radiculopathy and scheduled for  interlaminar 
CESIs as part of their routine clinical care. Given that 
the data collected was part of ongoing clinical care, 
and that any reviews of this data was performed using 
deidentified information, a Health Insurance Portabil-
ity and Accountability Act of 1996 Authorization was 
waived by institutional policy.

Patients were included in the study if they were 
scheduled for an interlaminar CESI at C6-C7 or C7-T1, 
had an MRI C-spine obtained in the usual supine position 
with visible posterior skin edge on axial and sagittal 
views, and were between the ages of 18-99. They were 
excluded in the study if the CESI was above C6-C7 or 
below C7-T1, if they had cervical posterior spinal fusion 
at the injection levels, or if their MRI images had the 
posterior edge of the skin cutoff (Fig. 3). Ten patients 
were included in the study.

For the 10 patients included in the study, the follow-
ing measurements were made:  intraprocedural depth, 
as measured on centimeter-wide markings, recorded 
at 0, 0.25, 0.5, and 0.75 cm on Tuohy needles from the 
skin to the epidural space during the procedure, and 
MRI depth, as measured on axial and sagittal views of 
the patient’s previous MRI of the cervical spine. These 
distances from the skin to the epidural space were mea-
sured by a board-certified pain physician. Images were 

Fig. 1. Regression for (Intra-procedural) Needle depth vs 
Sagittal MRI depth

Fig. 2. Regression for (Intra-procedural) Needle depth vs Axial 
MRI depth

Fig. 3. MRI in sagittal view in which posterior margin of skin 
cut-off (exclusion criteria).
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accessed via the institutional online Picture Archiving 
and Communication System (PACS) software (Centric-
ity Enterprise Web; GE Healthcare, Waukesha, WI) 
and measurements obtained using the PACS software 
tool by drawing a line from the skin to the posterior 
epidural space. To approximate the trajectory of the 
needle on the midline cut of the sagittal T2-weighted 
image, the line was made from the skin to the middle 
of the interspinous space as parallel as possible to the 
spinous processes (Fig. 4). In the midline axial T2 im-
ages, a second measurement was made starting at the 
posterior edge of the skin to the anterior edge of the 
ligamentum flavum (Fig. 5).

Linear regression models were used to compare 
intraprocedural needle depth vs sagittal MRI depth, 
and intraprocedural needle depth vs axial MRI depth. 
A third linear regression model was made to compare 
sagittal MRI depth and axial MRI depth. All statistical 
analyses were performed using R 4.2.0 (R Foundation 
for Statistical Computing, Vienna, Austria, 2021) (Fig. 6).

RESULTS

On average, the axial MRI images were more accurate 
to the actual needle depth. On 7 of the 10 patients, the 
MRI overestimated the depth on sagittal (average of 
0.5 cm) and on 5 of the 10 on axial (0.41 cm). However, 
both provide relatively accurate depths for the CESI. 
Comparing intraprocedural needle depth vs sagittal MRI 
depth, R was 0.8744, P value < 0.0001 (Fig. 1).

Comparing intraprocedural needle depth vs axial 

MRI needle dept, R was 0.8582, P value < 0.001 (Fig. 2). 
Comparing axial vs sagittal MRI depth, R was 0.8756, P 
value < 0.0001. Both axial MRI and sagittal MRI depths 
were positively correlated to the intraprocedural needle 
depth, both with P values < 0.05.

DISCUSSION

This study compared MRI-derived measurements of 
epidural depth to intraprocedural depth in patients un-
dergoing CESI. The data gathered suggest that estimates 
obtained from MRI can be a valuable tool in predicting 
actual depth of needle placement in CESI. Inappropriate 
advancement of the Touhy needle may lead to serious 

Fig. 4. Example of midline cut of sagittal MRI image used to 
obtain depth measurement.

Fig. 5. Example of cut of axial MRI image used to obtain 
depth estimate.

Fig. 6. Regression for Axial MRI depth vs Sagittal MRI depth



complications, including postdural puncture and spinal 
cord injury. Although these procedures are commonly 
performed under fluoroscopic guidance, accurate pre-
operative assessment of depth may help decrease the 
risk of these complications (5,6).

This study has several limitations. There were only 
10 cases, which decreases the power of the study. 
Owing to its case series design, there is no control to 
compare cases to. Furthermore, there are many factors 
like patient age, weight, and body mass index that 
may influence the association of the factors analyzed 
in this study. There is no validation of methods used to 
measure MRI depths as there was only one investigator 
to make the measurements. Additionally, there is the 
potential for bias as the same investigator made the 
measurements for intraprocedural depth.

Given the limitations of this study, caution should 
be used to translate the findings to clinical use. There 
is currently no standardized protocol for measuring 
MRI depth and procedural depth for CESIs. As a result, 
information from MRI regarding needle depth should be 

viewed as inadequate (6). There needs to be a standard-
ized approach to MRI and procedural measurements to 
fully elucidate the correlation between the 2 depths. 
Confirmation of this method as a useful tool will require 
further studies.

CONCLUSIONS

This study further supports previous studies that there 
is a high agreement between MRI and intraprocedural 
measurements. Our study is unique in that it analyzed 
both axial and sagittal cuts of MRI images, and the 
limited data suggest axial MRI images are more accurate 
and that both measurements may slightly overestimate 
the actual depth. Nevertheless, knowledge of depth 
from the surface of the skin to the epidural space prior 
to the CESI using MRI measurements may supplement 
the safety of these procedures by providing relatively ac-
curate predictions of intra-procedural needle depth. Ad-
ditional research is necessary to replicate these findings 
and establish a protocol for clinical use.
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