
WHITE PAPER

1ALPINION MEDICAL SYSTEMS Verdi Tower, 72, Digital-ro (St) 26-gil (Rd), Guro-gu, Seoul, 08393, Republic of Korea Tel : 82-2-3282-0900 / Fax : 82-2-851-5591 www.alpinion.com |

E-CUBE 15EX  
Guided Facet Joint Injection

ABSTRACT

Introduction

Facet joint osteoarthritis (FJ-OA) is a common cause of back 
and neck pain, which in turn have an enormous impact on the 
health-care systems and economies of developed countries. FJ-
OA may be described as a clinical and pathological condition 
that involves the functional failure of the synovial facet joints. 
From a clinical point of view, symptoms related to painful facet 
joints are usually localized neck back pains with some degree 
of radiation into the upper or lower limbs. Among nonsurgical 
treatment options, injection therapy targeted to the facet 
joints or to the nerve roots is a well-established therapeutic 
option. Facet joint injections are preferentially performed as 
CT-controlled or fluoroscopy-controlled interventions; the aim 
of this study is to certify the safety and the feasibility of E-CUBE 
15 EX (ALPINION MEDICAL SYSTEMS Co., Ltd.) in terms of facet 
joint injection-guide.

Materials and Methods

387 patients with certified FJ-OA diagnosis, and without 
contraindications, underwent facet joint injections. All 
procedures were performed by using E-CUBE 15 EX (ALPINION 
MEDICAL SYSTEMS Co., Ltd.) as an ultrasound-guidance. In the 
first 40 procedures (20 of cervical and 20 of lumbar spine), 
ultrasound-guided needle placement was performed on the CT 
table, in order to assess the correct needle positioning through 
a CT scan. Both in the cervical and in the lumbar spine, once 
identified the facet joint, the procedure proceeds quickly, 
with a spinal needle (22-gauge) advanced under ultrasound 
guidance into the joint space of each facet joint. The standard 
injection includes a mix of Mepivicaine (10 ml), Triamcinolone 
acetonid (40 mg, 1 ml) or Metil prednisolone (40 mg 1 ml) and 

hyaluronic acid. The procedure is usually concluded by O2-O3 
injection therapy (10 ml 30% per each joint). A clinical efficacy 
of spine injections was assessed by using Visual Analogue Scale 
(VAS).

Results

The procedures consisted of XX lumbar and XX cervical facet 
joint treatment. No adverse events were recorded. The mean 
time of each procedure was 7±5 minutes. In all the procedures 
performed, E-CUBE 15 EX (ALPINION MEDICAL SYSTEMS Co., 
Ltd.) allowed for the correct guidance of treatment, with clear 
visualization of spine anatomy and needle path. The mean 
reduction in the VAS score from the baseline value to the 
1-month follow-up was %. No radiation exposure was needed.

Discussion

Facet joint injections are currently a validate treatment 
approach for symptomatic patients; this technique is 
preferentially performed as CT-controlled or fluoroscopy-
controlled interventions. In recent years, many physicians are 
trying to advance the ability of US in terms of guide-method 
to skeletal districts, such as lumbar and cervical spine. Our 
experience with E-CUBE 15 EX (ALPINION MEDICAL SYSTEMS 
Co., Ltd.) supports that the US could be used successfully 
to guide instillation procedures in the spine district as well 
as in different anatomical regions, showing many benefits: 
direct visualization of the target of interest, real-time needle 
guidance, visualization of the spread of local anesthetics 
and thus minimal risk of complications, a potential for dose 
reduction of local therapeutics, shortening of procedure time, 
and the lack of exposure to ionizing radiation.
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of age, and 89% of those 65 years of age and older. A lot of 
different risk factors were associated to this clinical condition. 
Age is strongly associated with prevalent cervical FJ-OA, as 
well as with its progression. There seems to be no association 
of gender with prevalent cervical FJ-OA, but men are slightly 
more likely to have FJ-OA progression. A relatively higher BMI is 
associated with greater prevalence of cervical FJ-OA in women. 
In the lumbar region, age is strongly associated with prevalent 
FJ-OA. A high BMI is also independently associated with lumbar 
FJ-OA, and the magnitude of the association is much larger 
than with cervical FJ-OA. Concurrent disc-height narrowing is 
associated with roughly doubled odds of FJ-OA, independent 
of age, sex, and BMI; poor quality of extensor muscle has also 
been linked to FJ-OA at the L4–L5 spinal level.
The diagnosis of FJ-OA involves the identification of these 
clinical features combined with a radiological pattern; classic 
radiographic hallmarks of FJ-OA contain both degenerative 
and proliferative features, including narrowing of the facet 
joint space, subarticular bone erosions, subchondral cysts, 
osteophyte formation, and hypertrophy of the articular 
process. All of these features could be easily detected by using 
plain radiographs, or more accurately, CT and MRI. 
There are a number of nonsurgical treatment options that 
can be attempted to alleviate the pain and rehabilitate the 
back, including physical therapy and other rehabilitative 
methods, good posture, anti-inflammatory medication (such 
as various non-steroidal anti-inflammatories, NSAIDs), and 
the more recent COX-2 inhibitors. Aside from physical and 
medical therapy, injection therapy targeted to the facet joints 
or to the nerve roots is well established in the treatment of 
radiculopathy. However, this has been performed without 
image guidance for many years. Recently, minimally invasive, 
imaging guided techniques have entered the tool-box of the 
pain physician, and because of their comfort of use and better 
success rates are becoming an integral part of multidisciplinary 
pain management. Facet joint injections are preferentially 
performed as CT-controlled or fluoroscopy-controlled 
interventions; these imaging techniques have increased the 
precision of spinal injections. Obviously these methods are 
affected by X-ray exposure; several studies have confirmed 
that ultrasound (US) is at least sufficiently reliable and accurate 
in the demonstration of paravertebral anatomy, allowing the 
recognition of the spinous process, vertebral arch lamina, facet 
joint, accessory process and mammillary process. The ability 
of US in the depiction of spine anatomy allows it to use itself 
as a guidance method in facet joint injections (obviously in 
patient with FJ-OA already ascertained with other conventional 
radiological tools). The feasibility of US-guided injection therapy 
at the spine has also been demonstrated in several studies; the 
aim of this study is to certify the safety and the feasibility of 
E-CUBE 15 EX (ALPINION MEDICAL SYSTEMS Co., Ltd.) in terms 
of facet joint injection-guide.

INTRODUCTION

The functional spinal unit (FSU) is the smallest segment 
that represents the characteristics of the entire spinal 
column. It consists of two vertebrae, the intervertebral disc, 
zygaphophyseal (facet) joints, and supporting ligaments 
(ligamentum flavum, supraspinous, interspinous, anterior 
longitudinal, and posterior longitudinal). The facet joints of 
the posterior spine are true synovial joints, anatomically and 
functionally distinct from the fibrocartilaginous articulation 
of the intervertebral disc. The facet represents an articulation 
between the medially-facing superior articular process of the 
lower vertebra and a smaller, laterally-facing inferior articular 
process originating from the superior vertebra. Menisci 
maintain smooth gliding surfaces within the articulation and fill 
voids that develop between incongruent facet joints. 
Facet joint osteoarthritis (FJ-OA) and degenerative disc disease 
are both thought to be common causes of back and neck pain, 
which in turn have an enormous impact on the health-care 
systems and economies of developed countries. FJ-OA may be 
described as a clinical and pathological condition that involves 
the functional failure of the synovial facet joints. Although 
often viewed as a disease of articular cartilage loss and bony 
hypertrophy, the process of failure involves the whole joint, 
including the subchondral bone, cartilage, ligaments, capsule, 
synovium, periarticular paraspinal muscles, and soft tissues. 
From a histological point of view, the earliest changes of FJ-
OA involve the articular cartilage, synovium, and capsule; in 
later stages, the subchondral bone and bony joint margins 
are affected. Osteophyte formation and remodeling of the 
subchondral bone are the most conspicuous remodeling 
phenomena in FJ-OA, but these occur in the later stages of the 
pathology, and may be absent even in cases of severe cartilage 
damage.
The clinical symptom related to painful facet joints is usually 
localized neck pain or back pain, with some degree of radiation 
into the upper or lower limbs. Radiation from painful mid-
cervical and lower-cervical facet joints tends to produce pain 
in the posterior scapular region, with some radiation around 
the shoulder girdle, whereas painful upper cervical facet joints 
tend to result in pain to the posterior occipital region and 
can produce headaches. In the lumbar spine, referred pain is 
predominantly in the buttock and the thigh; radiation past the 
knee is rare.
The few population-based estimates available make it evident 
that FJ-OA is widely prevalent in adults. Although no studies 
of cervical FJ-OA prevalence have used advanced imaging, 
cervical FJ-OA (defined as Kellgren–Lawrence grade [KLG] ≥2 on 
lateral radiographs) was prevalent in 19% of adults aged 45–64 
years, and in 57% of adults aged 65 years and older. Amongst 
community-based adults in the Framingham Heart Study, 
moderate or severe lumbar FJ-OA on CT imaging was present 
in 36% of adults <45 years of age, 67% of adults 45–64 years 
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MATERIALS AND METHODS

Study population

From 1 January 2013 to 15 May 2016, 387 patients came to 
our attention with symptoms consistent with FJ-OA; all of these 
patients underwent radiological diagnostic process, including 
spinal MRI, in order to certify this clinical condition.
All patients with certified FJ-OA diagnosis, and without 
contraindications, underwent facet joint injections after 
obtaining institutional approval; each procedure was 
adapted on the basis of clinical status, age, and anatomical 
characteristics.  

US-guide

All procedures were performed by using E-CUBE 15 EX 
(ALPINION MEDICAL SYSTEMS Co., Ltd.) as an ultrasound-
guidance. (Fig. 1.)

Fig. 1. E-CUBE 15 EX (ALPINION MEDICAL SYSTEMS Co., Ltd.)

This system represents a high-performance ultrasound 
mechanism for accurate diagnosis and termination, mounted 
on the fully digital platform "FlexCan Architecture" and 
equipped with "Optimal Imaging Suite" technology for image 
processing. The salient features of E-CUBE 15 EX consisted of: 
-  Monitor LED 19" with IPS (In-Plane Switching) technology;
- Articulated monitor arm, ergonomic control panel, lateral 

adjustability (180°), automatic electric device (up/down);
-  Alphanumeric QWERTY keyboard;
-  Touch screen 10.4;
-  Easy portability (58 x 82.5 x 160 cm; 107 kg);

- Integrated Hard disk 500 GB and DVD-R/W writer;
- 5 USB;
-  B-Mode, Color Flow-Mode, Power Doppler Mode, 

Directional Power Doppler Mode, PW Doppler Mode with 
high PRF (HPRF)/CW Doppler Mode, M-Mode;

-  Advanced software for biometry (measurement of 
distances, areas, volumes, ellipses, relations between 
distances, % of stenosis, angles...), body mark dedicated and 
comprehensive calculation software for specialized tests;

-  CINE memory function (4600 frames);
-  Filter Tissue Harmonics Imaging;
-  Full SRI: advanced filter for artifact reduction (Full Speckle 

Reduction Imaging).

The facet joint injections, both in the lumbar and in the 
cervical spine, are performed by using a broadband curved 
high density single crystal (1-6MHz) or alternatively extreme 
high density (8-17MHz) transducer, depending on the patient’s 
body mass and on the spinal segment to treat (Fig. 2).

Fig. 2.  On the left, convex probe SC1-6 H (Crystal Signature TM); on the 
right linear probe L8-17 X.

More specifically, as a convex probe was used SC1-6 H (Crystal 
SignatureTM), a convex array with 60° of FOV, created with 
single crystal as piezoelectric material allows a high definition 
thanks to its 192 elements. As a superficial probe was used L8-
17 X, a linear probe characterized by an extreme fine pitch (256 
elements).
The facet joint injections, both in the lumbar and in the cervical 
spine, are performed with the patient in a prone position.
In the lumbar spine injection, the US-exam starts with posterior 
paravertebral parasagittal sonograms in order to identify 
the different spinal levels; the spinous process and adjacent 
structures (lamina of the vertebral arch, facet joint, accessory 
process, and mammillary process) are delineated by means 
of transverse sonograms at each level. During the US-exam, a 
preliminary midline scan along the spinous processes allows 
the identification of the typical transition from the 1st sacral to 
the 5th lumbar spinous process (figure 3): after the respective 
lumbar segment is defined, the transducer is rotated axially 
centered on the according spinous process, then moved 
laterally to the respective facet joint (figure 4). The lamina of 
the vertebral arch, facet joint, inferior articular process, and 
mammillary process are then recognized.
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Fig. 4.  Axial scan at L4-L5 level showing both facet joints (asterisks), target 
of infiltrative procedure.

Fig. 3.  Axial US scan at L5-S1 level, easily recognizable because of the 
sacral elements (white asterisks) and spinous process (blue 
asterisk)

In the cervical spine injection, the procedure is initially guided 
by anatomical landmarks, through the recognition of prominent 
vertebra (C7) by clinical examination; subsequently, a US-exam 
is performed on the basis of the different treatment. In most 
cases, the procedure involves bilateral multilevel injections. 
In that case, a posterior approach is recommended (instead 
of lateral short- or long-axis approach). Using the posterior 
approach, a longitudinal scan is obtained initially at the midline 
(spinous process), and then by scanning laterally, one can easily 
see the lamina, and further laterally, the facet column will 
appear in the image as the characteristic “saw sign”.

In the first 40 procedures (20 of cervical and 20 of lumbar 
spine), ultrasound-guided needle placement was performed on 
the CT table, in order to assess the correct needle positioning 
through the CT scan, before the injection (figure 5-6). In all of 
these patients, the physicians did not need to adjust needle 
placement. As a consequence, in all the remaining patients it 
was assumed that ultrasound-guided needle positioning did 
not require CT control.

Fig. 5.  Axial US (on the left) and CT scans (on the right) indicating the correct needle positioning within right facet joint.
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Injection procedure

The whole procedure is done under sterile conditions: the 
patient is cleansed and covered with sterile drapes, the 
ultrasound transducer is placed in a sterile sheath, and sterile 
ultrasound gel is used.
Both in the cervical and in the lumbar spine, once facet joint is 
identified, the injection procedure proceeds quickly, with the 
spinal needle (22-gauge) advanced under ultrasound guidance 
into the joint space of each facet joint. The needles are inserted 
3–4 cm laterally from the midline on the lateral end of the 
transducer and precisely positioned in the ultrasound plane at 

Fig. 6.  Axial US (on the left) and CT (on the right) scans, indicating the correct needle positioning within both facet joints.

an angle of approximately 45° with respect to the axial plane, 
in order to enable a visualization of the complete needle path. 
If the needle tip deviates from its intended course, the in-
plane technique allows also for accurate and easy real-time 
repositioning under ultrasound guidance (figure 7).  
The correct needle tip position within a respective facet joint is 
then easily assessable by the physician, manually evaluating the 
intraarticular bone contact. After that, the standard injection 
includes a mixture of Mepivicaine (10 ml), Triamcinolone 
acetonid (40 mg, 1 ml) or Metil prednisolone (40 mg 1 ml) and 
hyaluronic acid. The procedure is usually concluded by O2-O3 
injection therapy (10 ml 30% per each joint).

Fig. 7.  Axial scans at L4-L5 level well depicting lumbar anatomy; on the left side, the needle path way is clearly uncorrected (laterally deviated, white arrow) and 
it has been adjusted in real time (as identifiable in the subsequent picture on the right, blue arrow).
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Clinical implications

A quest ionnaire regarding procedure tolerance was 
administered to all treated patients.
A clinical efficacy of spine injections was assessed by using the 
Visual Analogue Scale (VAS), evaluating pain scoring reduction 
after procedure, during the follow-up. In order to evaluate the 
US-guided treatment efficacy, we utilized our previous acquired 
data regarding spine CT-guided infiltrations as a reference.

RESULTS

All procedures were performed by a team of interventional 
radiologists with expertise in the field of musculoskeletal 
infiltration, without significant side effects. 387 ultrasound-
guided approaches were performed. Specifical ly,  the 
procedures consisted of 303 lumbar and 84 cervical facet joint 
treatment. 
In the first 40 procedures, in order to validate the feasibility 
of ultrasound guidance in spine infiltrations, CT scans were 
systematically performed immediately following needle 
positioning. Since no needle pathway corrections were 
required, for the remaining patients, the ultrasound guidance 
alone was deemed reliable and safe; therefore no CT control 
was performed in these cases.
The mean time of each procedure was 7±5 minutes. Obviously, 
by using US as a guide, patients did not undergo radiation 
exposure, compared to patients treated under the CT-guide.
In all procedures performed, E-CUBE 15 EX (ALPINION MEDICAL 
SYSTEMS Co., Ltd.) has allowed a correct guidance of treatment, 
with clear visualization of spine anatomy and needle path; in 
view of this, the US approach to the joint space of the facet 
joint articulation appears to be feasible and accurate.
All patients were encouraged to undergo a treatment cycle 
of 3 infiltrations (one procedure per month); about 80% of 
population has completed the therapy cycle. In these patients 
we did not record significant differences in terms of pain relief, 
compared to other patients with the same clinical condition, in 
which the infiltrations were performed with CT-guidance. 

DISCUSSION

Facet joint injections are preferentially performed as CT-
controlled or fluoroscopy-controlled procedures. In the recent 
years many physicians have been attempting to move the note 
ability of US in terms of guide-method in visceral organ to 
skeletal districts, such as lumbar and cervical spine. Coherently 
to this general trend, in our institution as well the largest 
experience regarding the infiltration procedures is based on CT 
guidance; nonetheless, we are heading towards an increase of 
physician training in ultrasound-guided technique. 
Even if CT and Fluoroscopy guarantee a reliable guidance, the 
difficulty of ionizing radiation represents a severe drawback 
in approaching a benign entity. Moreover, spinal pain often 
requires repeated treatments to guarantee acceptable 
symptom control. In light of these considerations, the validation 
of a minimally invasive imaging technique to guide infiltrative 
treatment, especially in terms of exposure to x-rays for the 
patient and operator.
The ability of US in depiction of spine anatomy allows its use 
as a guidance method in facet joint injections. Several studies 
have validated ultrasound (US) as a reliable and accurate tool 
to assess paravertebral region and vertebral anatomy, allowing 
the recognition of the spinous process, vertebral arch lamina, 
facet joint, accessory process, and mammillary process. The 
feasibility of US-guided injection therapy at the spine has also 
been demonstrated in several studies. Galiano et al. have 
demonstrated the practicability of US guidance for facet joint 
injections in lumbar spine, conducting a study on 50 cadavers. 
In this study a statistically significant correlation has been 
encountered when comparing US-guided needle positioning on 
cadavers to CT confirmation scans. 
In our experience with E-CUBE 15 EX (ALPINION MEDICAL 
SYSTEMS Co., Ltd.), US-guided spine infiltrations were found 
to be safe and feasible. Due to the novelty of procedure, the 
first 40 treatments were performed by using CT scans control 
immediately following needle US-guided positioning. Since no 
needle pathway corrections were required in these patients, 
we assumed the ultrasound guidance to be reliable and safe; 
as a consequence of this, all of the remaining procedures were 
performed with US guidance alone. In these patients, clinical 
monitoring showed analogue outcomes in terms of pain relief, 
compared to our data regarding patients treated under CT 
guidance. These results stand as further evidence that US 
guidance can be considered as a safe and effective method.
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No adverse events were recorded in all our population. 
Moreover, we administered a questionnaire to all treated 
patients regarding procedure tolerance; all patients described 
this treatment as an easy and comfortable procedure. In 
addition, from an operative point of view, after a first timing of 
training, all of physician of our department found this guidance 
technique as a confident and feasible procedure.
Some other positive considerations regarding US-guidance for 
spinal infiltrations include a significant reduction in procedure 
timing (7 minutes on average in comparison to 15 minutes 
for CT-guided procedure in our institution) and removal of 
X-ray exposure that embodies a hot point in repeated spinal 
infiltrations.
In conclusion, our experience with E-CUBE 15 EX (ALPINION 
MEDICAL SYSTEMS Co., Ltd.) confirm that US could be used 
successfully to guide instillation procedures in the spine district 
as well as in a variety of other anatomical regions, showing 
many benefits: direct visualization of the target of interest, 
real-time needle guidance, visualization of the spread of 
local anesthetics and thus minimal risk of complications, a 
potential for dose reduction of local therapeutics, shortening of 
procedure time, and the lack of exposure to ionizing radiation.
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