
Background: Epidural block failures can occur due to a misleading loss of resistance (LOR) 
signal. 

Objective: This study was designed to evaluate the false LOR rate and to determine whether 
the Epidrum, which is an LOR device for identifying the epidural space, improves the ability to 
find the epidural space during cervical epidural injection compared the LOR technique. 

Study Design: A randomized, single-blind trial.

Setting: Single academic medical center.

Methods: A total of 150 patients undergoing cervical interlaminar epidural injections at 
C7-T1 were randomized to receive either the LOR technique with a syringe (group C) or the 
Epidrum guidance (group E). Fluoroscopic images were used to confirm the accuracy of the 
needle placement within the epidural space. The rate of misleading epidural signals and 
adverse effects were recorded and analyzed. 

Results: The false LOR rate was 74.7% for group C, 62.7% for group E, and 68.7% overall. 
The incidence of false LOR was not significantly different between the 2 groups. Also, the 
success rate and the rate of true epidural signals were similar between the 2 groups.

Limitations: The Epidrum cannot be used to confirm whether the needle has entered the 
vascular space without fluoroscopy.

Conclusions: In this study, we did not find any difference in accuracy between the Epidrum 
and the LOR technique with a syringe for detecting the cervical epidural space. The overall 
higher false LOR rate suggests that the combined use of fluoroscopy and LOR technique with 
a syringe or the Epidrum is necessary to increase the rate of finding the true cervical epidural 
space. 
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(b) no prior cervical epidural steroid injection; and (c) 
a cross-sectional imaging study (either computed to-
mography [CT] or magnetic resonance imaging [MRI]) 
of the cervical spine in patients with diagnoses of spinal 
stenosis, a herniated nucleus pulposus, ossification of 
posterior longitudinal ligament, and/or a degenera-
tive spinal disorder. The exclusion criteria included any 
contraindications for cervical epidural injection, such 
as an unacceptable coagulation profile, prior neck sur-
gery, a current infection, and/or an inability to flex or 
extend the neck. All patients were randomized into 2 
groups: group C, who received the LOR technique with 
a syringe, and group E, who received the Epidrum guid-
ance (Fig. 1). The randomization was performed by a 
computer program that generated random numbers 
(www.randomizer.org). This study was approved by our 
departmental ethics committee (2012-06-034) and reg-
istered with CRIS (Clinical Research Information Service, 
http://cris.cdc.go.kr, ref: KCT0001333, 2014.12.26). Writ-
ten informed consent was obtained from all patients 
prior to their participation in this study. 

Interventions  
All procedures were performed under fluoroscopic 

guidance using the interlaminar midline approach at 
C7-T1 by the single pain physician with over 10 years of 
experience (WS Sim). The patients were placed in the 
prone position with their arms resting at their sides, 
and the neck was flexed using a pillow under the chest. 
An anteroposterior view was obtained with a C-arm 
(OEC series 9800, General Electronics, USA) to ensure 
midline of the C7-T1 interspace. At lateral view, when it 
was difficult to obtain an adequate clear image due to 
the patient’s factor (short neck, elevated shoulder, and 
obesity), the patient was instructed to do a swimmer’s 
view position by raising one arm forward to 180 degrees 
and resting the opposite arm on the downward side. 
Following an aseptic preparation and infiltration with 
1% lidocaine, a 22-gauge Tuohy needle (Tae-Chang 
Industrial Co., Seoul, Republic of Korea) was inserted 
and advanced to the interspinous ligament. To compare 
the 2 groups in the same condition, we started the LOR 
technique when the needle reached the half way point 
of the spinous process aligning with the middle plane 
of posterior ligamentous tissue height under a lateral 
view (Fig. 2). For patients in group C, the needle was ad-
vanced with constant pressure exerted on the plunger 
of a 2 mL air-filled syringe. For patients in group E, the 
needle was connected to the Epidrum, inflated with 1 
mL of air using the syringe (Fig. 3, Fig. 4A). After that, 

Cervical epidural steroid injection is an effective 
treatment strategy for the management of 
cervical radiculopathy. Although most cervical 

epidural injections are conducted safely with few side 
effects, serious morbidity has been reported (1,2). In 
addition, an accidental false epidural injection is not 
only a failed block, but also can lead to devastating life-
threatening complications caused by an injury to the 
neural components. The accurate identification of the 
cervical epidural space is necessary to reduce side effects 
and improve the efficacy of the epidural injection. 
The ability to identify the epidural space depends 
largely on the skill of the physician. Traditionally, 
epidural injection has been performed using the loss 
of resistance (LOR) technique, which was first described 
in the 1930s and is based on a subjective feeling 
of negative pressure believed to be generated by 
penetration of the ligamentum flavum (3). The epidural 
space can be hard to distinguish, however, when an 
unclear LOR and epidural fluoroscopic pattern occur 
simultaneously (4). Physicians often become hesitant 
to advance the needle, which results in a difficult and 
more time-consuming procedure. Several methods 
to find the true epidural space have been suggested, 
including those that check the pressure and those that 
use a device to assist the procedure (5-10). The Epidrum 
(Exmoor Innovations Ltd, Taunton, UK) is a LOR device 
that connects to the epidural needle to facilitate the 
procedure. The diaphragm of the Epidrum, which is 
inflated with air, collapses when the needle tip reaches 
the resistanceless space such as the epidural space. The 
Epidrum can therefore be used to visually confirm the 
passage of the needle tip through the ligamentum 
flavum into the epidural space. This method has been 
used successfully in several studies of lumbar epidural 
anesthesia (5,6), but has not been tested at the cervical 
level. The purpose of this study was to determine the 
incidence of false LOR during cervical epidural injection 
and to evaluate the accuracy and safety of the Epidrum 
as a reliable method to access the successful entry into 
the cervical epidural space. 

Methods

Patients  
A total 150 patients between the ages of 20 and 80 

years old who were undergoing cervical epidural injec-
tion were enrolled in the study. All patients had neck 
pain and/or cervical radiculopathy. The inclusion criteria 
were (a) a primary diagnosis of cervical radiculopathy; 
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the syringe was removed. The physician held the needle 
with both hands, and advanced the needle in a continu-
ous forward direction toward the epidural space. If a 
LOR was felt (group C) or observed as the diaphragm 
collapsed (group E) (Fig. 4B), then the contrast medium 
(Omnipaque® 300) was injected to confirm whether 
the point was the epidural space or not under a lateral 
view. If the epidural pattern was not found, then the 
LOR was defined as a false positive LOR. If a LOR was 
not felt by the time that the needle reached the base 
of the spinous process, which was determined under a 
lateral view, the needle advancement was stopped and 
the contrast medium was injected to detect the loca-
tion of the needle tip. If the contrast medium pattern 
was the epidural space, then the LOR was defined as a 
false negative LOR. The contrast medium was injected 
under real-time fluoroscopic guidance to confirm that 
the needle tip had reached the epidural space (Fig. 
5). For both groups of patients, a mixture of 2 mL of 

Fig. 1. Flow diagram of  the study.

Fig. 2. The schematic drawing of  expected direction of  the 
needle. The needle is advanced through the mid portion 
between C7 and T1 spinous process (dotted lines). The 
LOR technique was started from the asterisk point, the 
half  way of  the posterior ligamentous tissue.
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0.2% ropivacaine with 5 mg of dexamethasone was 
then slowly infused into the epidural space following 
negative aspiration. After the procedure, the patients 
were observed for any adverse effects. For each patient, 
the usefulness of the collapse signal (indicative or false 
LOR) and any observed complications were recorded. 

Statistical Analysis
The sample size calculations were based on detect-

ing a > 20 % difference in the false LOR rate between 
the 2 groups using initial estimates from our previous 
experience with the standard LOR and Epidrum tech-
niques as well as previously published data. The α and β 

Fig. 3. The Epidrum is connected between the needle and the syringe.

Fig. 4. A. The expanded diaphragm of  the Epidrum when the needle tip is prior to entering the epidural space. B. The collapsed 
diaphragm of  the Epidrum when the needle tip advances into the epidural space.

A B
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errors were set at 0.05 and 0.2, accounting for the 10% 
drop rate, respectively, which resulted in 69 patients 
per group. The data were analyzed using SPSS 19.0 
(Windows Software Package, SPSS, Chicago, IL, USA). 
The data are expressed as the mean ± standard devia-
tion (SD), median (range), or number (proportion). The 
demographic data for the 2 groups were compared 
using a t-test or Mann−Whitney U test. The number of 
patients was compared between the groups using the 
Pearson chi-square test. Differences at P  <  0.05 were 
considered statistically significant.

Results

Of the 170 patients assessed for eligibility, 20 were 
excluded due to not meeting inclusion criteria (n = 12) 
and declined to participate (n = 8). Thus, a total of 150 
patients remained and were analyzed (Fig. 1). No statis-
tically significant differences in the demographic data 
were observed between the 2 groups (Table 1). In 148 
patients, the physician correctly detected the epidural 
space using either the LOR technique or the collaps-
ing signal from the Epidrum, which was confirmed by 
fluoroscopy. The false LOR rate was 74.7% for group 
C, 62.7% for group E, and 68.7% overall (Table 2). No 
significant difference in the false LOR ratio was ob-
served between the 2 groups (Table 2). There were 2 
cases of accidental dural puncture in group C. Those 
patients had no unusual demographic characters and 
didn’t show any symptoms, including headache, after 
puncture. 

Discussion

This study used the Epidrum as one such objective 
method that is used to confirm the LOR. The reported 
incidence of false LOR during epidural injection var-
ies between 53% and 76.5% at the cervical level and 
between 25% and 30% at the thoracic and lumbar 
levels (11,12). In our study, the incidence of false LOR 
was 74.7% in the LOR technique group, 62.7% in the 
Epidrum guidance group, and 68.7% overall. 

To determine which factors were associated with 
the false LOR in our study, we suspected the vari-
ability in the cervical anatomy, such as the different 
fiber structures, including thinness and midline gaps 
and directions of the posterior ligamentous tissue. To 
locate epidural space, the needle transverses 3 main 
ligamentous structures; the supraspinal and interspi-
nous ligaments and the ligamentum flavum. The su-
praspinal and interspinous ligaments are composed of 
collagenous fibers, which may blunt the true LOR (13). 
Also, wide variations in fiber direction within these 
ligaments along the thoracic and lumbosacral spine 
provide different biomechanical response, explaining 
high proportion of stiffness in the lumbar interspinous 
ligaments. The interspinous ligaments are absent in the 
upper thoracic spine and are at least partially formed 
by the posterior layer in the lower thoracic spine (14). 
The ligamentum flavum is composed mainly of elastic 
fibers and is a crucial structure, as the LOR is elicited as 
the needle passes through it. The ligamentum flavum is 

Fig. 5. The fluoroscopic images when the needle tip reached the epidural space.
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the thinnest at the cervical level and the thickest at the lumbar 
levels. The resistance to the needle advancement therefore de-
creases the more cephalic the puncture is performed (4). In addi-
tion, the incidences of a midline gap in the ligamentum flavum 
at the cervical level has been reported to be between 50% and 
100% (4,15), which may contribute to a false LOR rate. It may 
increase the potential risk of spinal cord injury due to an acci-
dental dural puncture. A midline gap is more commonly located 
in the caudal third of the ligamentum flavum than the middle 
or cephalic portion (15). In our study, we approached through 
the middle portion under a lateral fluoroscopic view. This ap-
proach might give us more chance to avoid accidental dural 
puncture at the midline gap. In addition to the variability in 
the cervical structure, we also considered patient characteristics, 
such as a distorted epidural space due to degenerative changes 
and/or obesity as possible factors associated with the false LOR 
rate. Fatty infiltration and fibrocartilaginous changes of the su-
praspinous ligament can affect LOR. Sharrock (16) documented 
that false positive LOR may be encountered by entering a hole 
or cyst in the interspinous ligament from degeneration of the 
interspinous ligament. Degenerative or hypertrophic changes 
in the ligamentum flavum can result in the transformation 
from elastic to a more collagenous structure, which is weaker 
in strength and results in the attenuation of the resistance. If 
the needle passes through the ligamentum flavum with a less 
perceptible feeling of resistance, then the perception of the 

LOR may be weak or absent, which may result 
in excessive needle entries and catastrophic 
complications (17). In cervical injections for 
morbidly obese patients, the needle can pen-
etrate unintended structures, such as the sur-
rounding deep muscles or fat layers, prior to 
entering the true epidural space, which may 
lead to a false positive LOR. In this study, we 
started the LOR technique from the half way 
point of the posterior ligamentous tissue un-
der a lateral view. This half way point might 
be an earlier location, which made a shallow 
injection and a false LOR at the cervical level 
due to specific characteristics of cervical liga-
mentous structures.

Several devices to assist epidural injec-
tions, including those that confirm correct 
needle placement based on the principle of 
negative pressure, have been developed (5-
10). Lechner et al (8) described that epidural 
puncture under guidance of the acoustic 
puncture assist device, which translates pres-
sure change into corresponding acoustic and 
visual signals, is a reliable, safe, and simple 
procedure in needle handling, teaching, 
and confirming correct epidural catheter 
placement. Tielens et al (10) found the Epi-
sure syringe, which is a spring-loaded LOR 
syringe, provides a reliable identification 
of the epidural space. However, there are 
no clear additional values for widely using 
these techniques. The Epidrum is a device 
that provides visual confirmation of epidural 
space penetration via the collapse of the 
diaphragm (5-7). Sawada et al (5) reported 
that the Epidrum offers several advantages 
over conventional epidural space identifica-

Table 1. Patient demographics.

Group C (N = 75) Group E (N = 75) P-value

Age (yr) 51.9 ± 11.4 53.8 ± 9.2 0.264

Gender (M/F) 41/34 43/32 0.869

Height (cm) 163.5 (150.0 – 184.0) 165.0 (148.0 – 184.0) 0.911

Weight (kg) 65.5 (44.0 – 92.0) 65.5 (43.0 – 100.0) 0.765

Diagnosis
   Cervical spinal stenosis
   Cervical HNP
   Others   

15 (20.0%)
53 (70.7%)

7 (9.3%)

20 (26.7%)
52 (69.3%)

3 (4.0%)

0.550

All data are presented as the mean ± SD, the number of patients (%) or median (range). M/F: male/female; HNP, herniated nucleus pulposus. 
Group C, patients who received the LOR technique with a syringe; Group E, patients who received the Epidrum guidance.

Table 2. Comparison of  Groups C and E.

Group C (N = 75) Group E (N = 75) P-value

Epidural signal
 Indicative (true LOR)
 False LOR
   False positive LOR
   False negative LOR

22 (29.3%)
56 (74.7%)
48 (64.0%)
8 (10.7%)

31 (41.3%)
47 (62.7%)
40 (53.3%)

7 (9.3%)

0.176

All data are presented as the number of patients (%). LOR, loss of resistance; Group 
C, patients who received the LOR technique with a syringe; Group E, patients who 
received the Epidrum guidance.
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tion techniques in terms of decreased time required for 
epidural detection, greater Tuohy needle control, and 
safer resident anesthesiologist training from removing 
operator subjectivity and variability. The Epidrum may 
be a valuable device for patients in whom a false LOR 
is more likely to occur or for patients in whom the con-
ventional technique has failed due to an unclear LOR. 
When there was a false LOR with the Epidrum, it was 
visualized by a slow deflation of the diaphragm, so it 
was easier to identify epidural space than the tactile 
LOR technique, even though there was no significant 
difference between the groups. 

Despite its value in confirming the epidural space, 
the Epidrum device has several limitations. The Epi-
drum cannot be used to confirm whether the needle 
has entered the vascular space without fluoroscopy. In 
addition, physicians cannot receive any tactile feedback 
within the different tissues during the needle location. 
Most false LOR failures occurred due to premature 
diaphragm deflation prior entering the epidural space. 
To reduce the false LOR rate, the manufacturer recom-
mends attaching the Epidrum only after the needle has 
been advanced such that the tip is in the interspinous 
ligament. However, in real practice, it is not easy to 
find interspinous ligaments just from needle depth or 
subjective feeling, so, the C-arm is necessary to find the 
proper positing with safety and accuracy. Physicians 
must also consider the cost of the procedure with the 

addition of the Epidrum device. 
This study has several limitations. First, the physi-

cians were not blinded to the group to which the 
patients were randomized because the physician knew 
when the Epidrum was used. Second, we did not esti-
mate the peak force that was applied to the plunger of 
the syringe as an objective way to quantify the differ-
ence between true and false LOR. We suspect, however, 
that a higher force on the syringe plunger may increase 
the false LOR rate. 

Conclusion

In conclusion, we investigated the false LOR rate 
during cervical epidural injections using the LOR tech-
nique compared with a device used to assist in finding 
the epidural space, the Epidrum. We did not find any 
difference in accuracy between the Epidrum and the 
LOR technique with a syringe for detecting the cervical 
epidural space. We also found that a false LOR occurred 
in over 60% of our cases, which suggests that the com-
bined use of fluoroscopy and LOR technique with a 
syringe or the Epidrum is necessary to increase the rate 
of finding the true cervical epidural space.

Disclaimer
There was no external funding in the preparation 

of this manuscript.
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