
Background: Cervical interlaminar epidural injection (CIEI) is widely used in the management 
of acute or chronic neck and upper extremity pain. There is no consensus regarding the optimal 
volume of solution to be used for CIEI.

Study Design: Randomized, double blind controlled trial.

Objective: The purpose of this study was to evaluate how many spinal segments would be 
covered with different volumes of contrast medium, given by fluoroscopically guided CIEI, in 
efforts to establish the optimal volume of medication with consideration of clinical pathologic 
lesions.

Methods: One hundred and twenty-six CIEI were performed at C7-T1 in 133 patients. All 
patients were divided into 3 groups (A, B, and C) according to the amount of contrast medium 
used: 2.5 mL for group A, 5 mL for group B, and 10 mL for group C. The extent of contrast 
medium spread was determined by anteroposterior and lateral view under fluoroscopy. 

Limitation: We did not evaluate the clinical outcomes with pain measurements during the 
study period.

Results: The total number of vertebral segments of contrast media spread and spreading range 
of caudad or cephalad were significantly different among the 3 groups (P < 0.001). However, 
groups B and C in cephalad spreading and groups A and B in caudad spreading did not show any 
significant difference. A proportion of the patients with a cephalad spread of up to C4 and C2 
in group A (59.5% and 31%) was significantly different from that in the other 2 groups (92.9% 
and 69.1% in group B and 97.6% and 73.8% in group C) (P < 0.001). 

Conclusion: Five mL for CIEI at C7-T1 could be an optimal volume for distribution to the lower 
cervical spine for degenerative cervical spinal diseases, as well as to the upper cervical spine for 
head and facial pain. 
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Cervical interlaminar epidural injection (CIEI) is 
widely used in the management of a variety 
of acute, chronic, and cancer-related pain 

syndromes involving the face, head, shoulder, and 
upper extremities (1-11). The majority of pain from the 
neck and upper extremities is related to lesions below 

the C5 since degenerative cervical spine lesions occur 
most often at the C5-6 and C6-7, followed by C4-5 (12-
14). Anatomically, there is a convergence of cranial 
and upper cervical primary afferents into a common 
synaptic region in the caudal medulla and the upper 
cervical cord, thus, the use of the CIEI for head and 
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Patients were placed in the prone position on 
a table with arms at their sides. A pillow was placed 
under the chest and the neck was flexed with the head 
resting on a folded blanket. Anteroposterior (AP) view 
was obtained to ensure the C7-T1 interspace was locat-
ed with a C-arm (OEC series 9800, General Electronics, 
USA). The injection site was prepared aseptically and a 
skin wheal was raised with 1 mL of 1% mepivacaine. 
After skin puncture, a 21 gauge (G) Tuohy needle was 
inserted at the paramedian site of the lower T1 and 
advanced to midline of C7-T1 interspinous space under 
the AP view and confirmed the needle to be placed par-
allel to the trajectory of the C7 and T1 spinous process 
under the lateral view. The needle was advanced to a 
few millimeters posterior to the line of the posterior 
articular pillar under the lateral view with exact midline 
of the C7-T1 interspinous space on the AP view. After 
that, the needle was meticulously advanced using loss 
of resistance (LOR) with a saline-filled syringe. When 
the needle reached the epidural space, a mixed solution 
of contrast medium and normal saline was injected at 
the rate of 0.3 – 0.4 mL/sec, using a 10 mL disposable 
syringe under real time fluoroscopic guidance. After 3 
minutes of injecting the contrast medium, the extent 
of contrast medium spread was determined by AP and 
lateral radiographs of the cervical and thoracic spines, 
which was evaluated by one of the authors. Indication 
of spreading level was based on the upper and lower 
end of both lateral linings of contrast media in the AP 
view and posterior epidural lining in the lateral view. 

The extent of contrast medium spread was deter-
mined by using the upper and lower endplates of the 
vertebra as a standard on the lateral view. The extent 
of contrast medium spread was determined depending 
on whether it included the intervertebral foramen or 
not, given the fact that the spinal root of each verte-
bral level is located in the intervertebral foramen. If the 
contrast medium reached the lower endplate of one 
vertebral body, it would be recorded as one level below 
when it was counted in the cephalad direction. If the 
contrast medium reached the upper endplate of one 
vertebral body, it would be recorded as that level, when 
it was counted in the cephalad direction. If the contrast 
medium reached the upper endplate of one vertebral 
body, it would be recorded as one level above when 
it was counted in the caudad direction. If the contrast 
medium reached the lower endplate of one vertebral 
body, it would be recorded as that level when it was 
counted in the caudad direction. 

face pain management could be rationalized (15-17).
In clinical practice, CIEIs have usually been per-

formed at C6-7 or C7-T1 because the depth from the 
skin to the epidural space and the width of the epidural 
space are respectively the greatest at C7-T1, which is 
likely to be shallower with an upward direction (18,19). 
The effect of CIEI could be influenced by the anatomic 
spread of solution within the epidural space. Although 
the spread of the administered medication into the 
epidural space depends on several factors, such as vol-
ume of the drug, needle insertion site, speed of injec-
tion, epidural space contexture, patient position, age, 
height, and weight, the administered volume is a major 
factor in determining the spread range of injected solu-
tion to the targeted area (20). 

Generally, 2 to 10 mL of solution for CIEI is thought 
to be adequate for pain management in adults (1,5-
9,21,22). However, some authors advocate that volumes 
from 2 to 4 mL are sufficient to cover the entire cer-
vical spine (5-9,21-24). As such, there is no consensus 
regarding the optimal volume of solution to be used 
for CIEI. The purpose of this study was to evaluate how 
many spinal segments would be covered by a different 
volume of contrast medium in fluoroscopically guided 
CIEI, in order to establish the optimal volume of solu-
tion with consideration of clinical pathologic lesions.

Methods 
This study was conducted between March and July 

of 2010 at Ajou University Hospital. The study was ap-
proved by the Institutional Review Board of the hos-
pital. Written informed consent was obtained from all 
patients before the study. 

One hundred and thirty-three patients with a 
complaint of head, face, neck, and/or upper extremities 
pain undergoing a fluoroscopically guided CIEI were 
included. Exclusion criteria encompassed prior cervical 
surgery and contraindications for CIEI, such as coagu-
lopathy and local infection. One hundred and twenty-
six CIEIs were included in this study and 7 patients were 
dropped out. All patients were randomly divided into 
the 3 groups (A, B, and C) according to the amount of 
contrast medium used (2.5, 5, and 10 mL): Group A, 2.5 
mL (1 mL of normal saline + 1.5 mL of iopamidol 370 mg 
I/mL [Iopamiro®,Braccos.p.a., Milan]); Group B, 5 mL (2 
mL of normal saline + 3 mL of iopamidol 370 mg I/mL); 
and Group C, 10mL (4 mL of normal saline + 6 mL of 
iopamidol 370 mg I/mL). All CIEIs were performed using 
the paramedian approach to the C7-T1 level.
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Statistical Analysis
According to our pilot study, this study required at 

least 33 patients per group to achieve a 2.5% level of 
significance and 90% power of test. The sample size was 
increased to 126 patients to account for any dropouts. 
Statistical analysis was performed using the statistical 
package (SPSS 12.0 for Windows, SPSS Inc, Chicago, IL, 
USA). Data were reported as the mean ± SD or number 
of patients. Patients’ characteristics between the groups 
were compared using one way analysis of variance. The 
number of spinal segments and the number of patients 
were analyzed using a chi-square test. A P value < 0.05 
was considered significant. 

Results 
Among the 133 patients selected in the study, 7 

patients did not complete the study due to various rea-
sons as follows: 2 in group A were vascular spreading, 
one in group B showed myelogram, and 4 in group C 
complained of pain during injection of contrast me-
dium. Therefore, data from a total of 126 patients were 

included in the study. There were no serious complica-
tions related to the study procedures. There were no 
statistical differences in sex, age, height, weight, and 
disease classification for CIEI among the 3 groups (Table 
1 and 2). Almost half of the study patients had cervical 
spinal disease, such as herniated nucleus pulposus and 
spinal stenosis (Table 2).

The total number of vertebral segments of cepha-
lad and caudad spread of contrast media were 8.3 ± 
3.1, 11.0 ± 3.7, and 13.6 ± 5.1, respectively, in groups 
A, B, and C. All patients in the study showed bilateral 
epidural distribution evenly. There were significant dif-
ferences among these 3 groups (P < 0.01). The number 
of vertebral segments of cephalad spread of contrast 
media were 4.0 ± 2.1, 5.5 ± 1.3, 6.0 ± 1.3 in groups A, 
B, and C, respectively, and there were significant dif-
ferences among the 3 groups (P < 0.001). However, 
there was no such difference between groups B and 
C. The number of vertebral segments of caudad spread 
of contrast media was 4.3 ± 2.3, 5.2 ± 3.6, 6.9 ± 4.3 in 
groups A, B, and C, respectively, and it showed signifi-

Table 1. Demographic data and pain characteristics in the study population.

Group A (n = 42) Group B (n = 42) Group C (n = 42)

Age(yrs) 52.6 ± 15.1 51.5 ± 16.1 51.7 ± 13.1

Sex(M/F) 18/24 16/26 13/29

Height(cm) 160.4 ± 9.3 164.1 ± 7.1 160.4 ± 9.2

Weight(Kg) 60.0 ± 10.6 61.6 ± 10.0 60.4 ± 11.4

Duration of Symptoms (months) 8.2 ± 10.9 7.7 ± 12.8 8.9 ± 11.5

VAS 55.2 ± 26.4 64.9 ± 16.8 62.9 ± 21.5

Values are mean ± SD. No significant differences among the 3 groups. VAS: visual analogue scale (0: pain free, 100: maximal pain imaginary 
patient’s feeling)

Table 2. Disease classification in the study patients.

Name of  Diseases Group A (n = 42)
No. of  patients(%)

Group B (n = 42)
No. of  patients(%)

Group C (n = 42)
No. of  patients(%)

Cervical HNP, stenosis 22 (52.3) 20 (47.2) 23 (54.8)

Other diseases 20 (47.2) 22 (52.4) 19 (45.2)

Myofascial pain syndrome 5 5 4

CRPS 3 3 4

Headache and facial pain 2 3 1

Frozen shoulder 1 5 2

Zoster associated pain 6 4 6

RA 1 0 2

Others 2 2 0

Total 42 42 42

HNP: herniated nucleus pulposus, CRPS: complex regional pain syndrome, RA: rheumatoid arthritis
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cant differences among the 3 groups (P < 0.001). How-
ever, there was no difference between groups A and 
B (Fig. 1). The ranges of cephalad spreading segment 
with contrast media in patients with degenerative cer-
vical spinal diseases were 3.9 ± 1.9, 5.4 ± 1.2, and 5.8 ± 
1.2 in groups A, B, and C, respectively, and in patients 
with non-spinal diseases the ranges were 4.0 ± 2.1, 5.7 
± 1.1, and 6.2 ± 1.0 in groups A, B, and C, respectively. 
As a result, there was no significant difference between 
patients with degenerative cervical spinal diseases and 
non-spinal diseases in the 3 groups (Fig. 1).

The cephalad spread to the lower cervical spine 
under the C4 vertebra increased in proportion to the 
volume of contrast media, and it occurred in 59.5%, 
92.9%, and 97.6% of the study patients in groups A, B, 
and C, respectively. There were significant differences 
between group A and the other 2 groups (P < 0.001). 
However, there was no difference between groups B 
and C. Generally, the upper cervical spine is related to 
headache and facial pain. The number of patients in 
which contrast media spread to the C2 vertebra were 
31%, 69.1%, and 73.8% in groups A, B, and C, respec-
tively, and there were differences in group A compared 
to groups B and C (P < 0.001); while there was no differ-
ence between groups B and C (Table 3). 

Fig. 1. Number of  spinal segments spreading contrast media 
after the injection of  each volume of  solution into the cervical 
epidural space. Negative means caudal spread. * Cepha-
lad spreading spinal segments of  contrast media shows a 
significant difference between group A and the other 2 groups 
(P < 0.05). # Caudal spreading spinal segments indicate 
a significant difference between the group C and the other 2 
groups (P < 0.05). Data are presented as mean ± SD.

Table 3. Vertebral spreading segments of  solution in the cervical interlaminar epidural injections on the radiographs.

Spreading level of  
spine

Group A (n = 42) Group B (n = 42) Group C (n = 42)

Frequency
 (%)

Cumulative 
frequency (%)

Frequency
 (%)

Cumulative 
frequency (%)

Frequency
 (%)

Cumulative 
frequency (%)

Rostral spread

C2 13 (31.0) 13 (31.0)* 29 (69.1) 29 (69.1) 31 (73.8) 31 (73.8)

C3 8 (19.0) 21 (50.0) 4 (9.5) 33 (78.6) 7 (16.7) 38 (90.5)

C4 4 (9.5) 25 (59.5)* 6 (14.3) 39 (92.9) 3 (7.1) 41 (97.6)

C5 2 (4.8) 27 (64.3) 3 (7.1) 42 (100) 1 (2.4) 42 (100)

C6 8 (19.0) 35 (83.3) 0 (0) 42 (100) 0 (0) 42 (100)

C7 7 (16.7) 42 (100) 0 (0) 42 (100) 0 (0) 42 (100)

Caudal spread

T2 8 (19.1) 42 (100) 7 (16.7) 42 (100) 6 (14.3) 42 (100)

T3 10 (23.8) 34 (80.9) 7 (16.7) 35 (83.3) 7 (16.7) 36 (85.7)

T4 9 (21.4) 24 (57.1) 12 (28.5) 28 (66.6) 12 (28.5) 29 (69.0)

T5 10 (23.8) 15 (35.7) 3 (7.1) 16 (38.1) 3 (7.1) 17 (40.5)

T6-T9 3 (7.1)  5 (11.9) † 6 (14.3) 13 (31.0) 6 (14.3) 14 (33.4)

T10-T12 2 (4.8)  2 (4.8) 6 (14.3) 7 (16.7) 6 (14.3) 8 (19.1)

L1-L5 0 (0) 0 (0) 1 (2.4) 1 (2.4)  2 (4.8) 2  (4.8)

* There is a significant difference among the  3 groups (P < 0.001), however, no significant difference between groups 2 and 3. † There is a 
significant difference among the 3 groups (P < 0.007), however, no significant difference between groups 2 and 3.  
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The caudad spread to the T5 vertebra showed no 
difference between the 3 groups. The caudad spread 
below T6 was significantly less in group A compared to 
groups B and C (P < 0.001) (Table 3). There are examples 
of the distribution patterns of contrast media in the 3 
groups (Figs. 2-4). 

Discussion 
CIEI needs to achieve a reliable spread of medica-

tion to the pathologic vertebral or nerve root level 
(23). Medications of CIEI spread both cranially and 
caudally from a site of injection (24). The distribution 
of medication of CIEI in the epidural space depends on 
the injection site, volume, the speed of injection, pa-
tient position, age, height, and weight (20). Volume is 
a major factor determining the spreading range of an 
injected solution. However, there are few previous re-
ports on the optimal volume of solution for CIEI. In this 
study we evaluated how many spinal segments would 
be covered by different volumes of contrast medium in 
fluoroscopically guided CIEI, in order to establish the 
optimal volume of solution with consideration to clini-
cal pathologic lesions. Our study showed that consider-

ing the minimum volume to get a target segment of 
vertebra, a 5 mL solution for CIEI at C7-T1 would be 
sufficient to treat degenerative cervical lesions and up-
per cervical lesions. 

Generally, degenerative cervical diseases occur 
most commonly at the levels of C5-6 and C6-7, followed 
by C4-5. C6, C7, and C5 dorsal root ganglia are com-
monly inflammed or compressed (12-14). It should be 
necessary to distribute medications in the pathologic 
vertebral segment and the dorsal root ganglion. The 
successful entry into the cervical epidural space does 
not guarantee delivery of the medication to targeted 
areas (25). Contrast medium spread has a clear corre-
lation with the extent of local anaesthetic block, and 
epidurography can help to predict the distribution of 
the drugs (26). It is important to determine the optimal 
volume of dose administered with consideration to the 
range and pattern of spread of the contrast medium 
(23,24,27). 

Previous studies have shown that a smaller volume, 
such as 2 mL, can provide an appropriate dispersion of 
contrast in the cervical epidural space (23,24). In one 
study, the average level of cephalad spread with 2 mL of 

Fig. 2. Epidurogram of  2.5 mL of  contrast media injection for a 58-year-old male patient with right shoulder and neck pain 
due to cervical herniated nucleus pulposus. A. Lower portion of  both lateral epidural lining with contrast media shows near the 
T2 lower endplate on the AP view. B. Contrast media were concentrated in the posterior part of  the articular pillar and spread 
up to the upper border of  the C6 articular pillar down to the lower endplate of  T2 on the lateral view.  
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Fig. 3. Epidurogram of  5 mL of  contrast media injection for a 64-year-old female patient with right upper extremity pain due to 
cervical herniated nucleus pulposus. A. Both upper lateral epidural lining with contrast media shows at C3 on the AP view. B. 
Both lower lateral epidural lining with contrast media shows at T4 on the AP view. C. Contrast media were concentrated in the 
posterior part of  the articular pillar and spread up to the upper border of  the C3 articular pillar on the lateral view. D. Posterior 
epidural spreading of  contrast media reaches to the pedicle of  T5 and round shadows of  T1-4 dorsal root ganglions (dotted arrow) 
on the lateral view. 
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Fig. 4. Epidurogram of  10 mL of  contrast media injection for a 52-year-old male patient with left shoulder pain due to adhesive 
capsulitis. A. Both upper lateral epidural lining with contrast media shows at C2 on the AP view. B. Both lower lateral epidural 
lining with contrast media shows at T6 pedicle on the AP view. C. Contrast media spread evenly in the epidural space up to the 
atlas on the lateral view. D. Dense posterior epidural covering of  contrast media reaches to T6 and round shadows of  T1-5 dorsal 
root ganglions (dotted arrow) on the lateral view. 

contrast medium was 3.46 ± 1.04 (24). In another study, 
the average level of spread with 2 – 4 mL was 3.88 ± 1.01, 
and in all cases the cephalad spread was up to C3 (23). In 
that study, it was concluded that volumes of 2 to 4 mL for 
CIEI are sufficient to cover the lower cervical as well as 

the entire cervical epidural space. The reason why there 
are differences between the present study and the previ-
ous studies in the total volume of contrast medium to 
cover the cervical epidural space is not clear. However, in 
those studies (23,24), a test dose of contrast medium was 
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5 mL volume of solution is required to cover the upper 
3 cervical nerves.

Complications
There were no serious complications, but 4 pa-

tients experienced temporary severe pain in the post 
neck and/or upper back, upper extremities, and upper 
chest during CIEI, while injecting over 5 mL of contrast 
media in group C. To the best of our knowledge, the 
reason for the pain induced by epidural injection would 
be that of the mechanical pressure effect from a large 
volume of medication on spinal nerve roots in the 
vertebral foramen during the spreading out of the epi-
dural medication in the foramen (37). Since the capacity 
of the cervical peridural space to accommodate fluid is 
limited, Racz and Heavner insist that there are “warn-
ing signs” such as rapid onset of bilateral arm pain and 
chest pain or lower extremity pain when the epidural 
pressure reaches a level that causes ischemia of the 
spinal cord if the epidural fluid does not flow though 
the lateral transforaminal outlet producing an increase 
of pressure in the spinal cord, compromising the blood 
supply to the cord (38). They also recommend immedi-
ately flexing and rotating the patient’s head to widen 
the intervertebral foramen if the patient complains of 
these warning signs (38,39). 

When the volume is doubled from 5 mL to 10 mL, 
the average cervical spread can only be reliably in-
creased by one vertebral level. Increasing the volume 
of injectate did not result in a linear increase in cervical 
epidural spread (13). Cervical spinal segments covered 
by one mL of the solution in groups A, B, and C are 
1.6 ± 0.8, 1.1 ± 0.2, and 0.6 ± 0.1. A predictive number 
of cervical vertebral segments distributed by one mL of 
epidural medication is likely to decrease as the volume 
of injectate increases.

Limitations
One of the limitations of this study is that we 

did not evaluate the clinical outcome with a count-
able pain measurement during the study period. 
Future studies should be focused on clinical outcome 
according to different volumes in CIEI. The viscosity 
of this solution would be a little different from the 
practical solution, such as low concentration of local 
anesthetics and/or steroid. However, the spread pat-
tern of contrast medium could be useful in predict-
ing the degree of therapeutic solution spreading and 
outcome of CIEI as the medication covers pathologic 
spinal segments.

injected in order to confirm that the contrast was in epi-
dural space, not intrathecal, before injection of the main 
dose, and the volume of the test dose was not specified 
clearly. In the present study, the volume of the test dose 
was included in the total dose. The present study showed 
that a 5 mL of solution in CIEI at C7-T1 would be needed 
for pain management of cervical degenerative diseases 
regardless of different pathologic segments. In contrast 
to previous studies (23,24,28), 2.5 mL was not enough 
to spread medication for pain management of cervical 
degenerative diseases, because in only about 60% of 
subjects did 2.5 mL cover the C4 vertebral segment in the 
present study.

Stojanovic et al (28) reported that 2 mL of contrast 
covered 3.14 vertebral segments and 51% of study sub-
jects showed unilateral epidural distribution. In their 
study, they performed the CIEI with different needle 
entry sites between C4-5 and C7-T1 and did not evalu-
ate the data according to different vertebral segments 
of needle entry site. In our study we performed CIEI at 
a constant needle entry site, C7-T1 at which the width 
of the epidural space is the largest (18,19), and in all pa-
tients covered the bilateral epidural space evenly with 
5 mL of solution spread up to the C4 vertebral level in 
almost all study patients. There would be no need to 
take a risk of going for CIEI at the close vertebral seg-
ment of the disease because the cervical epidural space 
becomes narrower at higher vertebral segments.

Afferents from the trigeminal nerve and the first 3 
cervical spinal nerves converge in the brainstem to form 
the cervicotrigeminal nucleus, creating the anatomical 
basis whereby pain from the cervical spine structures 
can be perceived in the head and/or face and vice versa 
(17,29). Therefore, any structure innervated by any of 
the first 3 spinal nerves may be the source of cervico-
genic headache (30-32). Based on the above knowl-
edge, there would need to be medication spread up to 
the C2 vertebral segment for management of headache 
and facial pain (16,33-35). 

The C2 dorsal root ganglion is located inferior to 
the posterior arch of the atlas and superior to the lamina 
of the axis (36). For the management of headache and 
facial pain, medication in the CIEI should reach from 
the inferior to the posterior arch of the atlas to diffuse 
the medication into the upper 3 cervical segments. The 
contrast medium distributed up to the inferior border 
of the posterior arch of the atlas in the lateral view of 
fluoroscopy in about two-thirds of patients in groups 
B and C in this study, while contrast reached only one-
third of group A patients there, implying that at least a 



Distribution Range of Cervical Interlaminal Epidural Injections

www.painphysicianjournal.com 	 163

Conclusion

The volume of injectate in CIEI significantly influ-
ences the longitudinal spread in the cervical epidural 
space. A volume of 2.5 mL would not be enough to 
distribute to the lower cervical spine. The volume of 
5 mL could provide sufficient dispersion in the lower 
cervical spine as well as the upper cervical spine. Over 
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