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Abstract
Background and Objectives—Previous studies have concluded that transforaminal epidural
steroid injections (ESIs) are more effective than interlaminar injections in the treatment of
radiculopathies due to lumbar intervertebral disk herniation. There are no published studies
examining the depth of epidural space using a transforaminal approach. We investigated the
relationship between body mass index (BMI) and the depth of the epidural space during lumbar
transforaminal ESIs.

Methods—Eighty-six consecutive patients undergoing lumbar transforaminal ESI at the L3-L4,
L4-L5, and L5-S1 levels were studied. Using standard protocol, the foraminal epidural space was
attained using fluoroscopic guidance. The measured distance from needle tip to skin was recorded
(depth to foraminal epidural space). The differences in the needle depth and BMI were analyzed
using regression analysis.

Results—Needle depth was positively associated with BMI (regression coefficient [RC], 1.13; P
< 0.001). The median depths (in centimeters) to the epidural space were 6.3, 7.5, 8.4, 10.0, 10.4, and
12.2 for underweight, normal, preobese, obese I, obese II, and obese III classifications, respectively.
Sex (RC, 1.3; P = 0.02) and race (RC, 0.8; P = 0.04) were also significantly associated with needle
depth; however, neither factor remained significant when BMI was accounted as a covariate in the
regression model. Age, intervertebral level treated, and oblique angle had no predictive value on
foraminal depth (P > 0.2).

Conclusion—There is a positive association between BMI and transforaminal epidural depth, but
not with age, sex, race, oblique angle, or intervertebral level.

Epidural steroid injections (ESIs) have long been used as a nonoperative treatment of low back
pain and radiculopathy and are the most commonly performed procedure in pain medicine
clinics in the United States.1–5 The distribution of steroid has been shown to be highly variable
during interlaminar epidural injections because of a variety of factors, including needle position
and history of back surgery.6 Previous studies have concluded that transforaminal ESIs are
more effective than the traditional interlaminar approach in the treatment of radiculopathies
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due to lumbar intervertebral disk herniation.7,8 The improved efficacy is thought to be due to
deposition of the steroid in the ventral epidural space near the disk herniation and concentration
of the injectate in the area of pathology.4,7,9,10

There have been several studies investigating the depth from skin to the epidural space in
interlaminar lumbar,11–16 thoracic,17–19 and cervical20,21 epidurals. Lumbar epidural depth
studies have included obstetric13,14,16,22 and nonobstetric11,12,15 patient populations. Most
studies found a correlation between body mass index (BMI) and depth of epidural space.11–
14,16,22 Obesity is an increasing problem throughout the world and will certainly continue to
affect clinical practice.23

Currently, there are no published studies of the depth of epidural space using a transforaminal
approach. The use of an inappropriately short needle requires repeating the procedure with a
longer needle and may cause increased procedural risk and patient discomfort. However, larger
needles can be slightly more difficult to properly direct and are more expensive. Providing
information on estimated depth based on BMI would guide pain physicians in proper needle
selection and optimize patient comfort, practice efficiency, and cost-effectiveness. This is a
prospective, observational study to investigate the relationship between BMI and the depth of
the epidural space during lumbar transforaminal ESIs.

METHODS
Permission to conduct this study was granted by the internal review board at The Johns Hopkins
Medical Institutions, Baltimore, Md. A standardized protocol was used for all patients, with
recruitment and all procedures occurring between June 2007 and January 2008. Sample size
estimation was performed with SAS 9.1 (SAS Institute Inc, Cary, NC) using data available in
the literature. Hamza et al22 found that those with a BMI of less than 25 kg/m2 (BMI <25
group) had a mean depth of 4.3 ± 0.7 cm, whereas those with a BMI of greater than 30 kg/
m2 (BMI >30 group) had a mean depth of 5.2 ± 1.1 cm. Assuming the actual difference in
depth between groups is 0.9 and using a type I error rate of α = 0.05, the necessary sample size
per group needed to detect an effect with 80% power is 16 patients per group in the BMI <25
and BMI >30 groups.

All patients 18 and older undergoing lumbar transforaminal ESI at the L3-L4, L4-L5, and L5-
S1 levels at The Johns Hopkins Blaustein Pain Treatment Center were included in the study.
There were no relevant exclusion criteria. As per standard protocol, patients were placed in the
prone position with a pillow placed under the abdomen. The targeted intervertebral foramen
was then centered under an anteroposterior (AP) view. The fluoroscope was angled until the
corresponding zygapophyseal (facet) joint was positioned in the middle of the vertebral body
above the targeted intervertebral foramen (oblique angle). A point was marked at the superior
aspect of the intervertebral foramen, just inferior to the pedicle and inferolateral to the pars
interarticularis as previously described.24 The skin overlying the site marked was anesthetized
using 1% lidocaine with bicarbonate. A 5-in, 22-gauge Quincke-tip spinal needle was then
advanced with intermittent fluoroscopic guidance in a coaxial direction24 toward the marked
target. A 7-in needle was selected in some cases at the practitioner’s discretion based on the
body habitus of the patient. Final needle position was confirmed with the needle tip within the
lateral half of the pedicle on AP view and within the foramen on lateral view (Figs. 1A and B,
respectively).24,25 Contrast dye was injected under live fluoroscopy in an AP view to ensure
epidural spread (Fig. 1A). After final needle position and injection, the needle depth from the
skin to the foramen was measured.

The primary outcome measure was the depth of final needle placement as it related to BMI.
Oblique angle from midline, age, sex, and race were analyzed as secondary outcomes.
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Statistics
Statistical analyses were performed using STATA version 10.0 (StatCorp, College Station,
Tex). The Shapiro-Francia W′ test for normal data was performed on outcome measures to
determine data distribution. Continuous variables are reported as mean and SD, and
nonparametric data are presented as median and interquartile range. Categorical data are
reported as the number of subjects and percentage. Comparisons among BMI categories for
nonparametric variables were performed with the Kruskal-Wallis rank test. Comparisons
among BMI categories for parametric variables were performed with 2-way analysis of
variance. For multiple significance testing, post hoc Bonferroni correction was used.
Examination of covariates was performed with adjusted stepwise parametric linear, and
nonparametric regression was performed for each outcome measure of interest.

RESULTS
Demographic and patient characteristics by BMI category as defined by the World Health
Organization23 are presented in Tables 1 and 2. Age and the intervertebral level were similar
between the groups. There were more women and African Americans in the obese classes II
and III groups.

Needle depth was positively associated with BMI (regression coefficient [RC], 1.13; P <
0.001). These findings indicate the requirement of a 5-in needle in the obese classes I, II, and
III (Table 2; Fig. 2). Almost half of the patients in the preobese (BMI, 25–29.99 kg/m2) group
would also require a 5-in needle (11/26). Of the 43 patients in the obese classes I, II, and III
groups, 5 had a transforaminal epidural depth more than the length of a 5-in needle. Sex and
race were also found to be significantly associated with needle depth (sex: RC, 1.3; P = 0.02;
race: RC, 0.8; P = 0.04, respectively). Neither factor remained significant when BMI was
accounted as a covariate in the regression model (sex: RC, 0.3; P = 0.3; race: RC, 0.03; P =
0.9, respectively). The patient’s age, intervertebral level treated, and oblique angle had no
predictive value on the foramen depth (P > 0.2). The angle of fluoroscopy necessary for the
procedure was not predictable based on any factor examined.

DISCUSSION
The present study supports the hypothesis that BMI correlates with the depth of transforaminal
ESI. A 3.5-in (8.89 cm) needle will suffice for patients with BMI of less than 25 kg/m2. A 5-
in (12.7 cm) needle will be required for some patients with a BMI of 25–30 kg/m2 (preobese)
and most patients with a BMI of more than 30 kg/m2 (obese classes I, II, and III). Occasionally,
a 7-in needle is necessary for patients with a BMI of greater than 30 kg/m2. The largest patient
studied had a BMI of 66.8 kg/m2, and the epidural space was reached at 16.5 cm. This left an
extra 1.3 cm of available needle length on a 7-in needle, indicating that the transforaminal
epidural space can usually be accessed even on patients with extreme obesity. The power
analysis conducted was intended to detect a difference between patients with a BMI of less
than 25 kg/m2 and greater than 30 kg/m2 and calculated group sizes of at least 16 patients per
group for each of these categories. There may be intergroup differences between neighboring
groups (ie, obese classes I and II) that were not detected in this study.

There was no association between BMI and degree of oblique angulation, which is not
surprising. The degree of angulation is based on the fluoroscopic view of the relationship
between the facet joint and vertebral body. The difference in body habitus between the BMI
groups would not be expected to affect the bony landmarks used for fluoroscopic positioning.

D’Alonzo et al16 found an association between ethnicity and epidural depth. Although the
present study was not powered to detect a difference between different ethnic groups, there
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was no association between ethnicity and epidural depth when BMI was controlled. The
predicted difference if BMI is equal to 30 kg/m2 found by D’Alonzo et al was the greatest
when comparing African Americans and Asians and was only 0.7 cm (5.9 vs 5.2 cm,
respectively). The present study did not include enough Asian patients to compare with the
African American group in a subgroup analysis. Future studies with larger sample sizes may
detect a difference between ethnic groups. However, given the small difference noted in the
interlaminar study, the difference may not be clinically significant.

Although it is not surprising that there is a positive association between BMI and transforaminal
epidural depth, the results of this study hold clinical significance. The available data allow
physicians to select an appropriately sized needle and can lead to improved patient comfort
and practice efficiency. Longer needles are more expensive and can be more difficult to direct.
Therefore, they are not recommended in all patients. Previous interlaminar epidural depth
studies do provide interesting data; however, they do not impact clinical practice in the same
manner. Clinkscales et al13 showed in obstetric patients that the mean depth to the interlaminar
epidural space plus 1 SD in all of the BMI groups was below the 9-cm length of a standard
Tuohy needle (9 cm). In the largest group studied, the mean depth in the BMI >50 group (n =
27) was 7.5 ± 1.2 cm.13 In interventional pain medicine, however, there is a greater selection
in needle length, thereby making these data important clinically.

Limitations
The oblique angle used in the present study is greater than that which has been described in
some textbooks. In the Atlas of Image-Guided Intervention in Regional Anesthesia and Pain
Medicine by Rathmell,24 the author recommends that the C-arm be “rotated obliquely 20 to 30
degrees until the facet joint and pars interarticularis are clearly visualized,” and in the
corresponding figure, the zygapophyseal joint is approximately 30% of the distance from the
lateral borders of the corresponding vertebral bodies.24 The International Spine Intervention
Society does not specify an average degree of fluoroscopic obliquity; however, the fluoroscopic
images provided do show a lesser degree of obliquity.25 In the present study, the fluoroscope
was angled until the facet joint was at the midpoint of the vertebral body at the targeted level.
This is the preferred technique of the authors as it allows for more medial direction of the needle
and a true transforaminal injection. Lesser angles direct the needle in a more anterior direction
and can lead to a selective nerve root block instead of the desired transforaminal injection. In
the present study, the median needle depth was 9.3 cm, and the mean oblique angle was 31.5
± 8.9 degrees. Assuming that the transforaminal depth represents the hypotenuse of a right
triangle, the midline depth would be projected to be 7.9 cm. If the midline angle is fixed at 7.9
cm and the oblique angle is reduced to the lower 20-degree angle describe by Rathmell,24 the
estimated transforaminal depth would be estimated to be 8.4 cm, representing a 9.7% decrease
in estimated needle depth (Fig. 3). A less than 10% decrease in depth would be well within the
interquartile range in each of the BMI groups, thereby indicating that the present data are
relevant regardless of the preferred approach to the transforaminal epidural space.

One could postulate that the transforaminal depth could be estimated using the previously
established data on interlaminar lumbar epidurals, but our data show this not to be the case.
Using the above trigonometric approach and interlaminar depth data published by Clinkscales
et al13 (obese class I, 5.3 ± 0.9 cm), the transforaminal depth in the obese class I population
would be predicted to be 6.4 cm, if assuming an oblique fluoroscopic angle of 33.8 degrees
(oblique angle for obese class I; Table 2). The median transforaminal depth in this study was
10 cm, however, representing a difference of 3.6 cm. This differential can be explained by the
difference in muscle and fat distribution. The paraspinous muscles and adipose tissue in the
low back elevate the transforaminal entry point above that of the interlaminar insertion site.
Clinkscales et al13 showed that the mean interlaminar epidural depth difference between the
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obese class II and normal-BMI patients was only 1.4 cm (6.2 vs 4.8 cm, respectively; 29%
increased depth), whereas the difference in the median between the same groups in the present
study was 2.9 cm (10.4 vs 7.5 cm, respectively; 38.6% increased depth). This again indicates
that the difference in BMI has a greater impact when a transforaminal approach is selected.

There is a great deal of variability in the length and type of needles used for transforaminal
ESIs. In our clinic, 3.5-, 5-, and 7-in, 22-gauge straight Quincke-tip needles are used. The data
in Table 2 and Figure 2 are presented such that they can be applied to all clinical practices
regardless of the needle size used.

CONCLUSION
The present study supports the hypothesis that there is a positive correlation between
transforaminal epidural depth and BMI. These data can aid the pain practitioner in the selection
of an appropriately sized needle, which will avoid repeat procedures and improve patient
comfort. The selection of an appropriately sized needle can also save time and money. Longer
needles are more expensive and can be more difficult to direct. Therefore, the use of longer
needles is not recommended for all patients.
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FIGURE 1.
Final needle position was confirmed with the needle tip within the lateral half of the pedicle
on AP view and within the foramen on lateral view. Panel A shows the needle tip (arrow) below
the pedicle within the intervertebral foramen. Subpedicular dye spread of contrast dye into the
epidural space confirms transforaminal placement. The lateral fluoroscopic image shown in B
shows the needle tip within the foramen.
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FIGURE 2.
The depth of transforaminal epidurals is positively correlated with body mass index (BMI). A
3.5-in (8.89 cm) needle will suffice for patients with BMI of less than 25 kg/m2 (underweight
and normal). A 5-in (12.7 cm) needle will be required for some patients with a BMI of 25 to
30 kg/m2 (preobese) and most patients with a BMI of greater than 30 kg/m2 (obese classes I,
II, and III). Some patients with a BMI of greater than 30 kg/m2 will require a 7-in needle.

Brummett et al. Page 8

Reg Anesth Pain Med. Author manuscript; available in PMC 2009 July 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



FIGURE 3.
The estimated transforaminal epidural depth using a lesser oblique angle would be close to the
depth found in the present study. The median depth in the present study was 9.3 cm with an
oblique angle of 31.5 degrees. The midline length, assuming a right-angled triangle, is 7.9 cm
(cos A = adjacent length/hypotenuse). If a lesser oblique angle of 20 degrees is used, the
estimated transforaminal epidural depth is 8.4 cm (9.7% less). A 10% difference is within the
interquartile ranges shown in Table 2, thereby indicating that the epidural depth data reported
in the present study are relevant regardless of the approach used.
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