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Background: Optimal needle depth in transforaminal epidural injection (TFEI) is de-
termined by body measurements and is influenced by the needle entry angle. Phy-
sician can choose the appropriate needle length and perform the procedure more 
effectively if depth is predicted in advance.
Methods: This retrospective study included patients with lumbosacral pain from a 
single university hospital. The skin depth from the target point was measured using 
magnetic resonance imaging transverse images. The depth was measured bilater-
ally for L4 and L5 TFEIs at 15°, 20°, and 25° oblique angles from the spinous pro-
cess.
Results: A total of 4,632 measurements of 386 patients were included. The lengths 
of the left and right TFEI at the same level and oblique angle were assessed, and 
no statistical differences were identified. Therefore, linear regression analysis was 
performed for bilateral L4 and L5 TFEIs. The R-squared values of height and weight 
combined were higher than the height, weight, and body mass index (BMI). The fol-
lowing equation was established: Depth (mm) = a – b (height, cm) + c (weight, kg). 
Based on the equation, maximal BMI capable with a 23G, 3.5-inch, Quincke-type 
point spinal needle was presented for three different angles (15°, 20°, and 25°) at 
lumbar levels L4 and L5. 
Conclusions: The maximal BMI that derived from the formulated equation is listed 
on the table, which can help in preparations for morbid obesity. If a patient has big-
ger BMI than the one in the table, the clinician should prepare longer needle than 
the usual spinal needle.
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INTRODUCTION
Epidural injections such as the interlaminar epidural 
block and transforaminal epidural injection (TFEI) have 
been widely used for the treatment of patients with low 

back pain and lumbosacral radicular pain [1–4]. As in-
jection agents, corticosteroids and local anesthetics are 
commonly used to reduce pain and inflammation [5–7]. 
Both interlaminar and transforaminal block techniques 
are effective for lumbar radiating pain and have low com-
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plication rates, but the transforaminal technique can be 
more effective than the interlaminar [8,9]. An interlaminar 
epidural injection spreads into the dorsal epidural space 
and diffuses to the ventral target site [6,10]. Consequently, 
the concentration of the injecting agent is inadequate [11] 
or an epidural catheter should be inserted and positioned 
in the ventral epidural space [12]. TFEI can deliver the in-
jectate precisely to the damaged nerve root and anterior 
epidural space, resulting in better outcomes, such as long-
term efficacy and improved effects [1,6,12,13]. The optimal 
needle depth in TFEI may be determined by the patients’ 
height, weight, and anatomical differences, and is also in-
fluenced by needle entry angle [14,15]. Needle localization 
close to the desired site requires anatomical knowledge 
and procedural expertise [16]. Procedure accuracy is im-
portant to avoid adverse events [17–19], and prior magnetic 
resonance imaging (MRI) analysis of epidural depth is 
helpful in this regard [20].

Some studies have directly and indirectly measured the 
depth of the epidural space and reported their relationship 
to body measurements [1,14,21]. However, most calculated 
the depth of the epidural space by converting the needle 
length used for the injection and did not provide an exact 
description of the lumbar level. Further, the majority of 
studies conducted are limited to interlaminar epidural 
injection [22], and there is a lack of research on depth in 
TFEI [14]. Commonly used needles for TFEI are too short 
to approach the target points or target lesions in some 
patients. However, if the needle depth could be predicted 
in advance, the physician could prepare a needle of the 
proper length and inject the drugs more effectively to the 
target point.

Therefore, the purpose of this study was to investigate 
the relationship between patients’ height, weight, and 
body mass index (BMI) and needle depth for TFEI with dif-
ferent angles of approach using lumbar spine MRI images.  

MATERIALS AND METHODS
1. Study design and participants

This was a retrospective cohort study, including patients 
who visited the pain clinic and had lumbar spine MRI im-
ages from July 1st, 2005, to March 31st, 2020. This study 
was conducted in a single university hospital. Ethical 
approval for this study was waived by the Institutional 
Review Board of Konkuk University Hospital in Seoul, Re-
public of Korea (IRB file no. 2020-04-011).

2. Exclusion criteria

Exclusion criteria included a history of lumbar spine 
surgery, post-state lumbar spine vertebroplasty or kypho-
plasty, history of a lumbar spine compression fracture, 
and absence of height and weight measurement within six 
months before or after the day the patient underwent MRI. 

3. Measurement protocols

Demographic data such as sex, age (years), height (cm), 
weight (kg), and BMI (kg/m²) were collected. The length 
(mm) from the skin to the target point on the posterior 
vertebral body below the pedicle was measured using 
MRI images. The measurement was performed at the time 
of bilateral L4 and L5 TFEI implementation with a given 
angle of 15°, 20°, or 25° oblique from the spinous process. 
These three angles are the most frequently used oblique 
fluoroscopic angle for lumbar TFEI in clinical situations.

The depth (mm) from the skin to the target point was 
measured using T1-weighted transverse images by four 
anesthesiologists experienced in TFEI and with in-depth 
knowledge of the anatomical structure of the lumbar 
spine. 

The target point of TFEI is where the line perpendicular 
to the center of the pedicle encounters the rear part of the 
vertebral body adjacent to the pedicle, which the nerve 
root passes underneath the target point (Fig. 1). The target 
needle point is not exactly found in the MRI image, how-
ever it is speculated through the superior articular process 
of the upper lumbar level (Fig. 2). When measuring the 
length of the L4 TFEI, the transverse image of the lower L4 

Fig. 1. A virtual dotted line vertically crosses the pedicle of lumbar verte-
bra 4, which is the needle target point of left L4 transforaminal epidural 
injection. 
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vertebral body related to the target point was checked to 
measure the length from the skin to the target point (Figs. 
3, 4). The length was measured bilaterally for three dif-
ferent angles at 15°, 20°, and 25° oblique from the spinous 
process, respectively, in the picture archiving and com-
munication system (PACS, GE Healthcare, Chicago, IL). 
The same process was performed for the L4 and L5 TFEI.

4. Statistical analyses

Statistical analyses were performed using SPSS version 
17 (SPSS Inc., Chicago, IL). The obtained lengths between 
left and right TFEI at the same level and oblique angle 
were assessed with Student t-test to compare significant 
differences (P < 0.05). The measured data were evaluated 
through linear regression analysis to correlate patients’ 

height, weight, and BMI with the distance from skin to 
target point (P < 0.05). After comparing the coefficient of 
determination for each parameter, an equation for this de-
pendent variable was obtained after selecting a dependent 
variable whose coefficient of determination was close to 1. 

RESULTS
A total of 550 patients (351 female and 199 male) were 
initially evaluated, of which 164 (121 female and 43 male) 
were excluded due to a history of lumbar spine surgery, 
post-state lumbar spine vertebroplasty or kyphoplasty, 
a history of compression fracture of the lumbar spine, or 
absence of height and weight data. The final analysis in-
cluded 4,632 measures of 386 patients (230 female and 156 
male). The mean age of patients was 63.2 (21–95) years. The 
mean height was 161.3 (138.5–187.0) cm, the mean weight 
63.1 (34.1–108.0) kg, and the mean BMI 24.2 (15.8–35.3) kg/
m2 (Table 1).

The lengths between left and right TFEI at the same 
level and oblique angle were assessed, and no statistically 
significant differences were identified between each side 
(Table 2). Therefore, a linear regression analysis was per-
formed for bilateral L4 and L5 TFEI at the oblique angles of 

A B

Fig. 2. (A) For measurement of left L4 transforaminal epidural injection, 
move the transverse plane slightly upward as shown to check the L3/4 
facet point. Then, draw a virtual line at the center of the upper material 
entrenchment of the facet joint (dotted line). (B) The sagittal plane image 
of magnetic resonance imaging. The transverse plane image of (A) is 
where the yellow line is located. 

A B

Fig. 3. (A) Lower the transverse plane to a view directly below the pedicle 
of the lumbar 4 vertebra body and measure the length (red arrow) from 
skin to the contact point (arrow tip) of the vertebral body and the imagi-
nary line (dotted line). (B) The sagittal plane image of magnetic reso-
nance imaging. The transverse plane image of (A) is where the yellow 
line is located. 

A B

14.914.9

Fig. 4. (A) Measurement of length of L4 transforaminal epidural injection 
at 15° was performed. (B) The sagittal plane image of magnetic reso-
nance imaging. The transverse plane image of (A) is where the yellow 
line is located. 

Table 1. Descriptive statistics for study participants

Variable Value (n = 386)

Sex
      Male 156 (40.4)
      Female 230 (59.6)
Age (yr) 63.2 ± 15.9
Height (cm) 161.3 ± 9.2
Weight (kg) 63.1 ± 10.9
Body mass index (kg/m2) 24.2 ± 3.4

Values are presented as number (%) or mean ± standard deviation.
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15°, 20°, and 25°, respectively.
Linear regression analysis was performed for every level 

and angle, as well as height, weight, BMI, and height and 
weight, all correlated with the length from the skin to the 
target point. The results showed that the R-squared values 
of height and weight combined were higher than those of 
height, weight, and BMI (Table 3). Based on the result from 
linear regression analysis, an equation of 15° oblique L5 
epidural needle depth (mm) = 68.11 – 0.18 × height (cm) 
+ 0.53 × weight (kg) was established (Table 4). Similarly, 
a linear regression analysis was performed at different 
oblique angles and levels, and the results showed height 
and weight combined correlated significantly with needle 
depth, allowing the development of an equation for each 
particular case (Table 5).

We formulated another predictive equation of needle 
depth based on linear regression analysis (Table 6). BMI 
was also correlated with needle depth and the equation 
of BMI is easy to use. A graph based on the equation from 

Table 6 shows estimated needle depth based on BMI at 
three different angles (15°, 20°, and 25°) at lumbar levels 
L4 and L5 (Fig. 5). Based on the equation from Table 6, the 
maximal BMI that could possibly be treated with the com-

Table 2. The correlation between the obtained lengths of each TFEI pro-
cedure side at the same level and oblique angle

Vertebral level, side and  
oblique angle

t P value

Rt L5 TFEI and Lt L5 TFEI at 15° –0.306 0.760
Rt L5 TFEI and Lt L5 TFEI at 20° –1.206 0.229
Rt L5 TFEI and Lt L5 TFEI at 25° –0.810 0.418
Rt L4 TFEI and Lt L4 TFEI at 15° 0.891 0.374
Rt L4 TFEI and Lt L4 TFEI at 20° 0.767 0.444
Rt L4 TFEI and Lt L4 TFEI at 25° 0.825 0.410

TFEI: transforaminal epidural injection, Rt: right, Lt: left.

Table 3. The R-squared values of height, weight, BMI, and combined 
height and weight 

Vertebral level and 
oblique angle

Height 
(cm)

Weight 
(kg)

BMI 
(kg/m2)

Height and 
weight

Bilateral L5 TFEI at 15° 0.029 0.202 0.174 0.218
Bilateral L5 TFEI at 20° 0.024 0.199 0.179 0.218
Bilateral L5 TFEI at 25° 0.020 0.190 0.179 0.213
Bilateral L4 TFEI at 15° 0.025 0.234 0.220 0.260
Bilateral L4 TFEI at 20° 0.025 0.227 0.212 0.253
Bilateral L4 TFEI at 25° 0.023 0.223 0.211 0.251

TFEI: transforaminal epidural injection, BMI: body mass index.

Table 4. Weight and height coefficients for epidural needle depth at bilateral L5 transforaminal epidural injection considering a 15° angle

Model
Unstandardized coefficients Standardized coefficients

t P value
B Standard error Beta

Constant 68.11 8.904 7.649 < 0.001
Height –0.18 0.065 –0.156 –2.765 0.006
Weight 0.53 0.055 0.543 9.622 < 0.001

Dependent variable: needle depth at bilateral L5 transforaminal epidural injection (15°).

Table 5. The equation of epidural needle depth using weight and height

Vertebral level and 
oblique angle

Epidural needle depth (mm)

Bilateral L5 TFEI at 15° 68.11 – 0.18 × height (cm) + 0.53 × weight (kg)
Bilateral L5 TFEI at 20° 72.65 – 0.21 × height (cm) + 0.56 × weight (kg)
Bilateral L5 TFEI at 25° 78.00 – 0.23 × height (cm) + 0.58 × weight (kg)
Bilateral L4 TFEI at 15° 72.29 – 0.23 × height (cm) + 0.58 × weight (kg)
Bilateral L4 TFEI at 20° 74.10 – 0.23 × height (cm) + 0.58 × weight (kg)
Bilateral L4 TFEI at 25° 77.70 – 0.25 × height (cm) + 0.61 × weight (kg)

TFEI: transforaminal epidural injection.

Table 6. The equation of epidural needle depth using BMI

Vertebral level and oblique angle Epidural needle depth (mm)

Bilateral L5 TFEI at 15° 40.91 + 1.30 × BMI (kg/m²)
Bilateral L5 TFEI at 20° 41.10 + 1.37 × BMI (kg/m²)
Bilateral L5 TFEI at 25° 42.15 + 1.42 × BMI (kg/m²)
Bilateral L4 TFEI at 15° 37.09 + 1.42 × BMI (kg/m²)
Bilateral L4 TFEI at 20° 38.51 + 1.44 × BMI (kg/m²)
Bilateral L4 TFEI at 25° 39.51 + 1.50 × BMI (kg/m²)

TFEI: transforaminal epidural injection, BMI: body mass index.
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Fig. 5. Estimated needle depth based on body mass index (BMI) is 
shown on the graph at three different angles (15°, 20°, and 25°) at 
lumbar levels L4 and L5.
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monly used 88.9 mm needle were calculated (Table 7). 

DISCUSSION 
In this study, height, weight, BMI, and combined height 
and weight all correlated with the distance from the skin 
to the target point. The R-squared values of height and 
weight combined were higher than the others. Based on 
the results from linear regression analysis, an equation 
was established: needle depth (mm) = a – b [height (cm)] 
+ c [weight (kg)], where “a” is the constant and “b” and “c” 
are regression coefficients, which differ with lumbar level 
and the oblique angle from the spinous process. 

Many patients suffer from low back pain with radicu-
lopathy resulting from intervertebral disc herniation and 
spinal stenosis. Spinal stenosis and intervertebral disc her-
niation are different diseases, but share common causes of 
pain [16,23]. Pain can be due either to mechanical pressure 
on the nerve roots from anatomical structures, or second-
ary problems associated with the release of inflammatory 
and nociceptive mediators around the nerve sheath [16,24]. 
TFEI showed beneficial outcomes for both lumbosacral 
radicular pain secondary to herniated intervertebral 
disc and degenerative lumbar spinal stenosis [25,26]. The 
transforaminal approach can deliver local anesthetics and 
steroids closer to the nerve root or ventral to the epidural 
space than the interlaminar approach, and it is expected 
to provide better pain relief [8,27,28]. 

Accuracy is the main point of injection success, and has 
improved with the use of f luoroscopy [11,26]. However, 
even the most precisely executed injection could still fail 
to provide analgesic benefits, because of failure in accu-
rate targeting [1]. In particular, a short needle in obese pa-
tients cannot be positioned at the correct ventral epidural 
space. In some cases, the needle tip is placed outside the 
foramen despite complete insertion. Therefore, a pre-pro-
cedure prediction of the depth to the target point, as well 
as accurate needle placement, should also be considered 
[1,14,29]. 

Needle length can be an issue if it is either too long or 
short. The longer the needle, the more difficult it is to 
manipulate its direction and this may increase the pos-
sibility of complications and procedure time. A needle 
shorter than the optimal depth may not be able to deliver 
the injection drug to the ventral epidural space or may re-

quire needle reinsertion. Needle reinsertion can increase 
patients’ discomfort due to needle-site pain and proce-
dural delays. Therefore, predicting the optimal needle 
depth is important and can solve many issues. Moreover, 
the selection of an appropriately sized needle can also re-
duce radiation dose exposure and fluoroscopy screening 
time, which is beneficial for both clinicians and patients 
[1,21,30].

The relationship between needle depth and BMI in TFEI 
was already reported [1,17,25], but not that between the 
injection angle and needle depth. According to Kim et al. 
[1], the depth from the skin to the optimal target point in 
the epidural space can be predicted based on the patients’ 
BMI. Galbraith et al. [21] also reported increased depth 
of the epidural space with increasing BMI. Brummett et 
al. [30] reported a positive association between BMI and 
transforaminal epidural depth, but not with age and sex. 
However, in our study, it was found that height and weight 
combined can also predict the needle depth of the trans-
foraminal epidural space. Statistically, using both height 
and weight could be more helpful for the preparation of 
the proper needle size than using only BMI. Previous stud-
ies did not set a fixed oblique angle for the TFEI, whereas 
the present study set the oblique angle to three different 
angles, which included the range of oblique angles which 
are widely used in clinical situations to clearly visualize 
the facet joint and pars interarticularis.

We formulated a predictive equation of needle depth 
to ventral transforaminal epidural space based on mul-
tiple linear regression analysis (Table 5). This correlation 
can be helpful for accurate needle placement in lumbar 
TFEI for morbid obesity. In the study by Kim et al. [1], 248 
patients were evaluated, and the longest needle depth for 
the TFEI was 8.6 cm. In our center, the first needle choice 
is usually the 23G, 3.5-inch, Quincke-type point spinal 
needle (TaeChang Industrial Co., Gongju, Korea or Bec-
ton Dickinson, Franklin Lakes, NJ), and occasionally this 
needle is too short for obese patients. Longer needles are 
more expensive and difficult to manipulate. Therefore, a 
long needle should not be the preferred choice for all pa-
tients. A graph based on the equation from Table 5 could 
be helpful for preparation of a proper size needle (Fig. 6). 
If the patient’s weight is beyond the maximum value on 
the X-axis corresponding to the patient’s height, a needle 
length > 3.5-inch (88.9 mm) is recommended. Longer 
needles (5-inch or 6-inch, Quincke type point needle [Bec-

Table 7. The maximal BMI that possibly be treated with commonly used 3.5-inch (88.9 mm) needle

L4 15° TFEI L5 15° TFEI L4 20° TFEI L5 20° TFEI L4 25° TFEI L5 25° TFEI

BMI 36.41 36.89 34.92 34.97 32.97 32.93

TFEI: transforaminal epidural injection, BMI: body mass index.
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ton Dickinson]) could be a choice for them. Pre-analysis of 
needle depth using the equation can reduce unnecessary 
multiple needle insertions, patient discomfort, possible 
complications, and radiation exposure time, thus increas-
ing both the safety of patients and clinicians. 

We formulated a more practical equation of needle 
depth based on BMI (Table 6). This equation can mini-
mize the preparation time in comparison to the equation 
based on weight and height. A graph based on the equa-
tion from Table 6 can also be a useful tool (Fig. 5). Based on 
the equation from Table 6, maximal BMI is listed at three 
different angles (15°, 20°, and 25°) at lumbar levels L4 and 
L5 (Table 7). This also serves to arrange the proper needle 
size. If a patient has a bigger BMI than the one in the table, 
the clinician should prepare a longer needle than usual 
spinal needle. For example, when you perform an L5 TFEI 
with a 20° angle approach on a patient with BMI over 34.97, 
you need to prepare a longer needle than the commonly 
used 3.5-inch (88.9 mm) needle. 

We found the equation of needle depth in three different 
oblique angles. Although the C-arm fluoroscopic angle is 
same as the assumed angle, it is likely that the needle path 
is longer or shorter than the needle length obtained from 
this equation in actual clinical situations. The needles are 
often inserted slightly differently from the fluoroscopic 
angle, which may require a longer needle than the length 
we have calculated. Nevertheless, this equation can serve 
as a reference for the length of the needle. 

One limitation of this study is that while MRI is per-
formed in a supine position, TFEI is performed in a prone 

position. According to the other studies, positions of the 
lumbar nerve roots are not affected by prone position 
[31,32]. Therefore, it is considered meaningful to apply the 
predicted length through MRI to patients in prone posi-
tion. When the patient lies supine, especially when the 
patient has a large BMI and subcutaneous fat, the distance 
from the compressed skin to the target is expected to be 
shorter. The obesity of patients is expected to underesti-
mate the length of the needle. Therefore, further research 
comparing the actual needle length required in the pro-
cedure and the depth calculated from the equation could 
help confirm the usefulness of the equation for clinical 
practice. The authors believe that even if the positions 
differ, the depth of the area may be similar regardless of 
the posture and that the equations will help physicians 
determine the proper needle length for TFEI. Another 
limitation is that the authors only considered a few lumbar 
levels. Even though the L4 and L5 levels are the most com-
monly used in lumbar TFEI, further investigation of other 
spine levels should be performed to evaluate the clinical 
significance of this study.

In conclusion, this study showed that using both height 
and weight could be more helpful for predicting epidural 
depth in TFEI than using only BMI. A predictive length 
equation was formulated which may help decide on a 
proper needle size for TFEI. If the patient’s BMI is greater 
than the values shown in the Table 7, a larger needle than 
the conventional needle should be used. 
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