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Background:

The precise knowledge of anatomy and the region of transverse process (TP) and superior articular processes 
(AP) and their distance from the skin are important in blocking and treating lumbar facet syndrome. Evaluation 
of these anatomic distances from 3rd and 5th lumbar vertebrae in both sides and in different body mass index 
(BMI) in healthy volunteers might improve knowledge of ultrasound (US) lumbar medial branch nerve blocks 
(LMBB).

Methods:

Bilateral US in the 3rd and 5th lumbar vertebrae of 64 volunteers carried out and the distance between 
skin to TP and skin to AP was measured. These distances were compared on both sides and in different BMI 
groups. The analysis was done using SPSS 11. Analysis of variance was used to compare the means at three 
vertebral levels (L3−L5) and different BMI groups. P values less than 0.05 were considered statistically 
significant. The paired t-test was used to compare the mean distance between skin to TP and skin to AP on 
both sides.

Results:

The distance between skin to TP and skin to AP of 3rd vertebrae to 5th vertebrae was increased in both 
right and left sides (P ＜ 0.001) from up to down. The mean distance from skin to TP were greater on the 
left side compared to the right in all three vertebral levels from L3 to L5 (P values 0.014, 0.024, and 0.006 
respectively). The mean distance from skin to TP and the skin to AP was statistically significant in different 
BMI groups (P ＜ 0.001). 

Conclusions:

We found many anatomic distances which may increase awareness of US guided LMBB. (Korean J Pain 
2014; 27: 133-138)
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Fig. 1. Skin to articular process distance. SP: spinous pro-
cess, AP: superior articular process, TP: transvers process.

Fig. 2. Skin to transverse process distance. SP: spinous 
process, AP: superior articular process, TP: transvers process.
*Site of injection.

INTRODUCTION

The precise knowledge of anatomy and the region of 

transverse process (TP) and articular processes (AP) and 

their distance from the skin are important in blocking and 

treating lumbar facet syndrome. Facet nerve block by an-

esthetizing the internal sub-branches of posterior branch 

of spinal nerve are a standard diagnostic method [1]. The 

nerve blockage of lumbar facet or medial branch nerve 

blocks (LMBB) is performed under fluoroscopy or computed 

tomography (CT) scan. In the early years, ultrasound (US) 

was used for facet joint injection [2]. US has a low risk 

and needs lesser time in comparison with computed to-

mography CT scan [3]. In 10-20% of the patients, the joint 

cannot be seen clearly due to hypertrophy and ossification 

of the joint, therefore facet nerve block is the preferred 

method that could be performed under guide of US. As the 

procedure is a low risk intervention, US is a good substitute 

for fluoroscopy, particularly because it does not involve 

any radiation exposure. Several papers have already shown 

that US can be used to perform these procedures at the 

level of the lower lumbar facet joints in patients with nor-

mal body mass index [2-8].

However, US is still in its early stages as an imaging 

modality for chronic back pain and its value has to be pro-

ven in diagnostic and standard treatment injections. There 

is no large survey to study sonanatomic distances of 

LMBB. There are only a few reports refer to these dis-

tances on cadaver and human [3,7,9]. The main objective 

of this study is to survey the distance of sonoanatomic 

landmarks for LMBB in healthy volunteers to improve this 

knowledge. 

MATERIALS AND METHODS

After acquiring ethics committee approval, 64 healthy 

volunteers were invited to participate in this study; oral in-

formed patient consent has been getting from all the 

volunteers. Exclusion criteria included vertebrae deformity 

and maternal pregnancy. Weight, height and BMI were 

measured for all the participants. 

By a 3-5 MHz curve probe (MicroMaxx, SonoSite, Inc, 

USA) bilateral US in the 3rd and 5th lumbar vertebrae was 

carried out. Patients had prone position and a pillow placed 

under the abdomen to lower the lumbar lordosis position. 

The L4 possible position marked by drawing a line between 

the two iliac crests. An adequate US gel applied on the skin 

and the lower and upper spinous process marked after 

careful palpation. (In cases, we could not find the spinous 

process through palpation, a US probe used in transverse 

position to identify the spinous process). A longitudinal 

scanning did from 3 cm of paramedian line of the spine. 

The numbers of TP counted from the highest mark to 5th 

vertebrae and sacrum. If it was three, all the marks con-

firmed and all the spinous process was marked. The probe 

rotated at 90 degrees and placed transversely on all 3 spi-

nous processes. The TP and AP on both sides located by 

moving the probe in the caudal-capable position. We 
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Table 1. Demographic Data

Age (yr)
Wt (kg)
Ht (cm)
Sex

BMI

M
F
25↓
25−30
30↑

39.4 ± 13.0
71.2 ± 11.4

166.1 ± 9.9
31 (48.4)
33 (51.6)
32 (50)
21 (32.8)
11 (17.2)

Data are mean ± SD or number of cases (%). BMI: body mass
index.

Fig. 3. Mean distances (mm) between skin and transverse
processes (TPR &TPL) and skin and articular processes 
(APR & APL) by vertebral level (TPR: skin to transverse 
process at the right side, TPL: skin to transverse process 
at the left side, APR: skin to articular process at the right 
side. APL: skin to articular process at the left side).

Table 2. Mean Distances (mm) between Skin to Transverse Processes (TPR &TPL) and Skin to Articular Processes (APR & APL) at Different
Vertebral Levels

Vertebral level TPR TPL APR APL

L3
L4
L5

42.5 (5.8)
45.8 (5.9)
48.8 (6.1)

43.4 (6.2)
47.0 (6.3)
49.9 (5.6)

32.3 (5.4)
36.2 (6.1)
 39 (6.0)

32.9 (5.8)
36.4 (5.9)
39.1 (5.6)

Data are mean (SD). TPR: skin to transverse process at the right side, TPL: skin to transverse process at the left side, APR: skin to
articular process at the right side, APL: skin to articular process at the left side.

measured the distance between skin and AP from the skin 

to the most superficial aspect of the facet joint. Then the 

distance between the skin and TP and the possible location 

for blockade (at the bottom of the groove between the lat-

eral surface of superior articular process and cephalic 

margin of the TP) measured. The same process repeated 

for every individual vertebra (Fig. 1, 2).

1. Statistical analysis

The analysis did by using SPSS 11. Volunteer’s profiles 

were shown as median. A paired t-test used to compare 

the mean distance between skin to TP and skin to AP on 

both sides. Analysis of variance used to compare the 

means at three vertebral levels (L3-L5) and different BMI 

groups. P values less than 0.05 considered statistically 

significant.

RESULTS

Sixty four volunteers participated in this study. The 

demographic data are shown in Table 1. Para vertebrae US 

with a 3-5 MHz probe was possible in all patients (384 

transverse views, 768 measurements). The distance be-

tween skin to TP and skin to AP from 3rd vertebrae to 

5th vertebrae was increased on both sides from up to down 

(P ＜ 0.001) (Fig. 3, Table 2). 

The mean distance from skin to TP were greater on 

the left side compared to the right in all three vertebral 

levels from L3 to L5 (P values are 0.014, 0.024, and 0.006 

respectively) (Fig. 4). The mean distance from skin to TP 

and the skin to AP compared in different BMI groups. The 

difference was statistically significant (P ＜ 0.001). The 

post hoc comparison using the Bonferroni method showed 

that the observed differences lie between the “less than 

25” and the “25-29” (overweight) as well as the “less than 

25” and the over 30 BMI (obese) groups. There was no sig-

nificant difference between overweight and obese groups 

on either side (Fig. 5, Table 3). US quality was good in all. 

The US echogenic markers clearly show even in an obese 

patient with the BMI of 37.9.
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Table 3. Correlation between Distances and Body Mass Index at 
Different Vertebral Levels (L3 to L5)

Correlation coefficient  P-value

L3APR
L3APL
L4APR
L4APL
L5APR
L5APL
L3TPR
L3TPL
L4TPR
L4TPL
L5TPR
L5TPL

.310*

.278*

.355†

.450†

.379†

.402†

.387†

.305*

.335†

.350†

.439†

.445†

.013

.026

.004

.000

.002

.001

.002

.014

.007

.005

.000

.000

TPR: skin to transverse process at the right side, TPL: skin to  
transverse process at the left side, APR: skin to articular process
at the right side, APL: skin to articular process at the left side. 
*Correlation is significant at the 0.05 level (2-tailed). †Correlation
is significant at the 0.01 level (2-tailed).

Fig. 4. Mean distances between skin and transverse pro-
cesses (TPR &TPL) and skin and articular processes (APR 
& APL) by vertebral level highlighting the difference 
between left and right sides.

Fig. 5. Comparison between measures distances at different
BMI groups.

DISCUSSION

The most important finding of this investigate is that 

distance from skin to TP and skin to AP was increased 

from L3 to L5 from up to down; by the way, this increase 

was not seen in 19 of 64 patients. Although the mean 

measured distance in overweight patients was more than 

average patients, there was no significant difference be-

tween overweight and obese groups. And, though the mean 

BMI was up to 37.9 in one patient, the quality of the image 

was good, it seems there are exceptions in some obese and 

echogenic markers are more superficial and therefore US 

images have good quality.

Studies had confirmed US guided paravertebrae inter-

vention but locating the specific part can not be done 

without fluoroscope and contrast dye injection [5]. A US 

view of facet nerve block is able by essential echogenic 

markers of TP and AP. These structures must be seen 

during US guided block as we studied [10-12]. Despite other 

US nerve blockage that the nerve can be seen superficially, 

direct view of the facet nerve is not possible in the depth 

of 5 cm. The target point is 3 cm lateral to the midline 

and the most superficial part of the joint process is 1.5 

cm closer to skin compare to target point. The depth of 

the target point had a little different on each side and in-

creased from 3rd lumbar vertebrae (3.5 cm) to 5th verte-

brae (5 cm) as our study [6].

According to Shim et al. [9] one hundred one needles 

were placed by US toward the lumbar segment under fluo-

roscope control, 96 needles were placed in the correct po-

sition and 2 injections had an IV distribution of the contrast 

agent. Pain score (VAS) dropped from 25 to 16. According 

to Rauch et al. [11] US was performed in overweight people, 

84 blocks were performed in 20 people with BMI of over 

30, the success rate was 60%. The distance between the 

skins to target point in TP was 76 mm. He also mentioned 

the depth difference of the skin in L4 and L5 as our study 

but in contrast to our study, he said that tracking of the 

needle was not possible and overall, LMBB cannot be per-
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formed in overweight people by the US. According to 

Greher et al. [6] US signs in 19 cases were good and in 

one case had not sufficient quality (maybe because the 

patient's BMI was 36). The distance from the skin to AP 

and skin to TP from L3 to L5 was gradually increased on 

both sides like our study, but he studied 20 cases compare 

with 64 cases of us and there was no discussion about left 

and right differences or the exceptions that we found. They 

approved US as a valuable tool and comparable with CT 

scan. The depth of skin to AP and skin to TP was meas-

ured and it was close to our data, in right side P = 0.027 

and in the left was P = 0.005. 

Greher [10] confirmed this method by CT scan and 

named the upper groove of TP below the facet as the tar-

get point. The injection was done in 45 cases at the target 

point. There were 5 cases in the external side of target 

point, 7 cases beside the foramen, 5 cases epidural and 

2 cases intravenous, although all the needles were in target 

point by fluoroscopic imaging. This study showed that the 

US technique is valuable method and can be compared on 

the misdistributions of contrast agent with fluoroscopy. 

Moon et al. [12] confirmed availability of this method by 

magnetic resonance tomography (MRT).

According to Galiano et al. [3] CT scans and US was 

compared for LMBB on only 5 cadavers in contrast to our 

study in 64 normal volunteers, his study showed that these 

two techniques can be compared to availability. Longitudi-

nally distance from skin to the spinous process and spi-

nous process to facet joint was measured. However, he 

measured the distance between the spinous process to 

middle of facet in contrast to our study that we measured 

the distance between the skin and TP and the possible lo-

cation for blockade. 

Our hypothesis was that sonoanatomic distances could 

give us a clear understanding of how guiding needle and 

until which distances from skin, up to down in lumbar 

region. The outcomes of this study were compared sonoa-

natomic distances that are needed for MBB from L3 to L5 

up to dawn and in left and right sides and comparing it 

in different BMI groups. It seems there are no limitations 

for this study because all the sonographies were performed 

by one person and by the same instrument.In summary, 

US guided LMBB has no limits in weight, it has even better 

quality in obese. Our result can improve awareness during 

the performance of US guided LMBB. The distance be-

tween the skin and TP in right and left side were differ-

ences in our study that is a new subject. Although the 

mean distance from skin to AP and skin to TP increased 

from L3-5, but this is not always expected and it is not 

a rule during the blockage. In obese patients although it 

is expected the blockage to be done deeper there are also 

some expectations and being obese is not a reason for 

poor quality.

US is used in early stages of chronic spinal pain man-

agement and has to prove its place in diagnose and treat-

ments standard injections. This study may be used with 

clinical relevance and has potential to increase practic-

ability while avoiding radiation.
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