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Abstract

Objectives Traditionally, facet joint injections (FJI) are
performed under fluoroscopic or computed tomography
(CT) guidance, mainly due to the deep anatomical location
and the presence of bony landmarks. Fusion imaging
technology, which couples the ultrasound scan with the
corresponding CT or magnetic resonance (MR) image
obtained from the diagnostic examination and reformatted
in real time according to the ultrasound scanning plane,
allows to combine the panoramic view and the elevated
anatomical detail of MR or CT with the ease of use of
ultrasound without patient exposure to ionizing radiation.
Methods Thirty eight patients (24 females; mean
age + SD: 64 £ 9 years) received MR fusion-assisted
ultrasound-guided FJI of 1 ml of a mixture of local
anaesthetic and corticosteroid using a ultrasound machine
(Logiq E9, GE Healthcare) equipped with a GPS-enhanced
fusion imaging technology which couples real-time
B-mode images with those of the previous recent diag-
nostic MR examination. Low-dose CT needle positioning
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confirmation was performed in the first 28 patients.
Patients’ pain was recorded using a visual analogue scale
(VAS), at baseline and at 2, 4 and 8 weeks.

Results All fusion imaging-guided injections were per-
formed successfully. Out of 112, 96 FJI had optimal intra-
articular needle positioning (accuracy: 85.7%). Patients
VAS significantly decreases after the procedure with no
differences among who received CT needle positioning
control and who did not receive it. No major complications
were observed.

Conclusions Ultrasound needle guidance with MR fusion
assistance allows for safe and effective injection of
degenerative facet joint disease.

Keywords Facet joint - Injection - Fusion imaging -
Ultrasound - Magnetic resonance

Sommario

Obiettivi Tradizionalmente, le iniezioni delle faccette arti-
colari (FJI) sono state eseguite sotto guida fluoroscopica o
tomografia computerizzata (TC), principalmente a causa
della posizione anatomica profonda e la presenza di reperi
ossei. L’imaging di fusione permette di accoppiare le
immagine ecografiche con quelle TC o di risonanza mag-
netica (RM) corrispondenti, ottenute da un precedente esame
diagnostico e riformattate in tempo reale in base al piano di
scansione ecografico. Questa tecnica permette di coniugare
la visione panoramica e I’elevato dettaglio anatomico della
RM o TC con la praticita della guida ecografica senza ulte-
riore esposizione del paziente a radiazioni ionizzanti.
Metodi Trentotto pazienti (24 femmine, eta media £ DS:
64 £ 9 anni) hanno ricevuto FJI guidata da fusione eco-
grafia-RM di 1 ml di una miscela di anestetico locale e
corticosteroide utilizzando una apparecchiatura ecografica
(Logiq E9, GE Healthcare) dotata di tecnologia fusion. Nei
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primi 28 pazienti il posizionamento dell’ago ¢ stato con-
fermato mediante esame TC a bassa dose. Il dolore dei
pazienti ¢ stato registrato utilizzando una scala analogica
visiva (VAS), al tempo 0 e dopo 2, 4 e 8§ settimane.
Risultati Tutte le iniezioni fusion guidate sono state ese-
guite con successo. In 96 su 112 iniezioni ¢ stato raggiunto
lo spazio intra-articolare (precisione: 85,7%). La VAS ¢
diminuita significativamente dopo la procedura in tutti i
pazienti, senza differenze tra chi ha ricevuto il controllo CT
del posizionamento degli aghi e chi non lo ha ricevuto. Non
sono state osservate complicanze maggiori.

Conclusioni L’iniezione fusion ecografia-RM guidata
delle faccette articolari artrosiche rappresenta una opzione
terapeutica sicura ed efficace.

Introduction

Low back pain is a common condition, with high impact on
general population. Up to 80% of adults experienced an
episode of low back pain during lifetime [1], representing
an issue in terms of morbility and costs. Although the
existence of facetogenic pain had long been questioned, it
is now generally accepted as a clinical entity [2] and facet
joint osteoarthritis (FJOA) can be considered responsible
for 15-40% of low back pain [3, 4]. Diagnostic imaging is
proved to be an accurate and reliable tool for the assess-
ment of FJ degenerative changes and its correlation with
clinical symptomatology and pathological grading. [5, 6].
A correct diagnosis can be made with computed tomog-
raphy (CT) or magnetic resonance (MR) demonstrating
inflammation, swelling, or degenerative changes of FJ. In
such cases, FJ injections (FJI) with local anesthetics or
anti-inflammatory drugs can be made for analgesic and
therapeutic purpose [4, 7].

Steroids FJI are widely used for the treatment of patients
with low back pain [8]; to achieve the best therapeutic
result, the needle tip should be placed as closer as possible
to the intra-periarticular space, which is not always a
simple procedure, also considering the possible mor-
phostructural changes (i.e.: osteophytes) affecting degen-
erative joints [9].

A correct needle placement needs imaging guidance and
can be achieved through different imaging methods [10].

CT and fluoroscopy are considered the gold standard to
achieve accurate guidance of the needle but expose the
patient to a significant radiation dose [11-13], even consid-
ering the possibility to repeat the therapeutic treatment over
time. Ultrasound suffers from poor visualization of the target
due to the deep location of FJ, the frequent presence of bone
spurs, and the greater difficulty of interpretation by physi-
cians who are not familiar with the ultrasound anatomy of the
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spine [14]. MR imaging guidance has the advantage of
guiding injection without radiation, but the procedure is
cumbersome and time consuming, and requires the use of
more expensive MR-compatible needles [11, 12].

Therefore, it would be desirable to fuse information
from different imaging modalities, combining the panora-
mic views and the elevated anatomical detail of the MR or
CT with the ease of use and high availability of ultrasound,
possibly without patient exposure to ionizing radiation.

In recent years, fusion imaging has been described and
validated in numerous articles in relation to different dis-
tricts and pathologies and, in particular, in interventional
and musculoskeletal radiology [15, 16].

This prospective study was performed to validate the
technical feasibility of real-time MR-US fusion imaging
for FJ injection. Short-term outcome of corticosteroid FJI
was also evaluated.

Methods
Patients

This study was approved by our institutional board; oral
and written informed consent was obtained from all
patients before each procedure.

From November 2014 to August 2015, 38 patients (24
females, 14 males; mean age = SD: 64 & 9 years, range
57-68) with clinical diagnosis of chronic low back pain
and MR signs of FJIOA were included in our study.

Exclusion criteria were contraindications to the admin-
istration of local anaesthetics or steroids, uncontrolled
coagulopathy, pregnancy, coexistence of neoplasm, infec-
tion or spondylitis, history of previous low back injections
or surgery, absolute MRI contraindications (e.g. pacemaker
excluding MRI safe ones, claustrophobia, etc.).

MR signs of FJOA were defined according to Fujiwara
classification [17], a four-point MRI-based grading scale
ranging from mild degenerative changes to severe OA and
including the following features: narrowing of the joint
space, osteophytosis of articular processes, hypertrophy of
articular processes subchondral erosions and subchondral
cysts. [18-20]. We selected patients from grade 1 to 3
excluding patients with severe osteoarthritis (grade 4) and
without carrying out stratification of patients.

Patients underwent MR fusion-assisted ultrasound-gui-
ded FJI of 0.5 ml mepivacaine hydrochloride 2% and
corticosteroid (0.5 ml of methylprednisolone acetate
40 mg/ml) using an ultrasound machine (Logiq E9, GE
Healthcare, Milwaukee, WI, USA) equipped with a GPS-
enhanced fusion imaging technology which couples real-
time B-mode images with those of the previous recent
diagnostic MR examination.
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In the first 28 patients, the MR fusion-assisted ultra-
sound-guided FJI was performed on the CT table to per-
form a subsequent low-dose CT scan to assess the correct
positioning of the needle tip with respect to the
zygapophyseal articular joint. Other 10 patients received
only FJI without CT confirmation.

Patients’ pain was recorded using a visual analogue
scale (VAS), at baseline and at 2, 4 and 8 weeks.

Technique
Stepl: MR acquisition

MR examination was performed using an open bore (S-
SCAN 0,26T, Esaote Biomedica, Genoa, Italy) with body
coil; the patients were positioned in supine position for
routine spinal MR examination. The protocol included
axial and sagittal SE T1, FSE T2 and STIR sequences, and
a volumetric HYCE sequence with TR 10 ms, TE 5 ms, ST
1,70 mm, FOV 220 x 220 mm, Flip Angle 70°.

The MR examinations were evaluated by an experienced
radiologist (P.C.) with 14 years’ experience in the field of
spinal diseases and musculoskeletal interventional proce-
dures under ultrasound guidance.

Step 2: Ultrasound equipment and setting

We used the “V-Nav” fusion imaging system (GE
Healthcare, Milwaukee, WI, USA), integrated into the
ultrasound machine and a low-intensity magnetic field
generator docked by wire to the ultrasound machine. Two
small electromagnetic position sensors connected to a
position-sensing unit were attached to a 3—-5 MHz convex
probe through a bracket (Fig. 1a).

MR images were loaded using standard DICOM format
on the US machine through CD-ROM device.

VNav software allowed us to choose the sequences to be
merged with the ultrasound image, before and after cali-
bration of the images. The software allows to upload
multiple scans at the same time, provided they have the
same spatial orientation. For this reason, we have devel-
oped an MRI protocol providing for adequate scans in the
transverse axis [16].

For correct superimposition of ultrasound and MR
images, we defined body landmarks with both imaging
techniques such as bony contours of: spinous process of the
second, third, fourth and fifth lumbar vertebra, posterior
superior iliac spine, first posterior sacral foramen, and the
SI joint. We take care to choose body markers on small
reproducible landmarks like the border of the foramina or
bony eminencies of the spinous process for an accurate
identification of the landmarks with both imaging tech-
niques (Fig. 2).

Fig. 1 Standard ultrasound probe with bracket fitting the position
sensor unity (a). Patient in prone position on the CT bed ready to
perform the fusion imaging MR-US infiltration and the post-
procedure low-dose CT scan. The low-field magnetic generator is
visible in the foreground (b)

Image calibration occurs through two steps. In the first
step, it is mandatory to find an ultrasound scan consistent
with the orientation of the resonance; we placed the probe
at the level of the spinous process of Ls, upright and with
axial orientation, after checking on MR images if there
were supernumerary vertebrae or partial/complete spinal
fusions.

When the MR scanning plane corresponds to the ultra-
sound scanning plane and the operator provides the con-
firmation input, the software connects the MR image to the
ultrasound, allowing a synchronous motion, consistent with
movements and rotations of the probe.

The second step involves calibrating end of anatomical
landmarks of the two imaging methods. We have found it
convenient to locate the spinous process of the lower ver-
tebra of the joint complex to infiltrate. Now, the images are
synchronized and image superimposition can be activated
check the accuracy of the calibration.

Once the operator has identified the spinous process, he has
to position the cursor over it and confirm the first “accuracy
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Fig. 2 MR-US fusion imaging setting procedure, showing the MR images in axial (a) and sagittal (b) orientation before alignment confirmation.

You can appreciate the spinous process both on US and MR image

point”. The screen will display an icon at the selected point, at
the same time both on the MR and US images, which will
follow the target thanks to the virtual volume provided by the
magnetic field and recorded by position sensors.

This allows the operator to have a clear view of the
target (the facet joint) even on ultrasound image, otherwise
almost invisible (Fig. 3).

Step 3: fusion imaging injection
For the purposes of the study, we placed the patient prone
on the CT bed during the infiltrative procedure.

In our protocol, we treated four FJ per patient, at L4—Ls
and Ls—S; level, which are those with the highest
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prevalence of OA alterations, even though MR examina-
tions showed slight degenerative changes also at other
lumbar levels [21, 22].

The ultrasound-guided procedure begins with the
selection of the angle of the biopsy guide and placement of
biopsy trace on the target. At this point, we can proceed
with the introduction of the needles, starting from the right
Ls—S; FJ, then moving cranially to the right L,—Ls FJ. Now
we have to rotate by 180° the probe to have the biopsy line
guide on the left side, and so we have to repeat the
sequence by checking in real time the actual correspon-
dence of MR images with the US images.

FII was performed with 20G needles, 90 mm in length,
with a solution of 0.5 ml methylprednisolone acetate
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Fig. 3 L5-S1 level-fused images. Green crosses represent accuracy points set by operator on the MR image and automatically replicated on the
US image. Pv paravertebral muscles, Star spinous process, VA vertebral arch, Ps psoas muscles

Fig. 4 Biopsy guide is positioned over the green cross target allowing a precise needle placement

40 mg/ml (Depo-medrol, Pfizer, Italy), diluted with mepi-
vacaine hydrochloride 2% 0.5 ml (Fig. 4).

Step 4: low-dose CT scan

CT scan for needle placement confirmation was performed
on 28 patients (19 females), with a low-dose CT protocol
(thickness 2.5 mm; pitch 1.675: 1; 120 kV; 65 mA; ASIR
60%).

The distance of the tip of the needle from the facet joint
space was measured on the CT scan after the introduction
of the four needles on the selected facet joints. We recor-
ded the distance of 112 tips with respect to the outermost
joint space, in the three planes of space and in the oblique

maximal radius, obtained by rebuilding oblique planes with
a dedicated workstation. In these cases, we have performed
the infiltrative ultrasound-guided procedure directly on the
CT bed (Fig. 1b).

In addition, the time needed to perform the whole
procedure (comprehensive of MR data import, MR-ul-
trasound image fusion, 4 joints injection) was calculated
for every therapeutic session. Data obtained in patients in
whom the needle was correctly placed were compared to
those in whom the needle was not correctly placed using
the U Mann-Whitney test. VAS changes over time were
assessed using an ANOVA multiple measure model. A P-
value lower than 0.05 was considered as statistically
significant.
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Fig. 5 Post-needle insertion CT scan showed a precise needle tip position relative to intra-articular space

Table 1 VAS scale data. VAS values at different time points are
expressed in mean value =+ standard deviation (SD)

Low-dose CT needle No needle control

postioning control (mean + SD)
(mean & SD)
Baseline 73+ 1.7 7.1 £ 1.1
2 weeks 32415 3.8 £0.7
4 weeks 1.7+ 09 14+13
8 weeks 20+ 1.2 23+ 1.6
Results

All fusion imaging-guided injections were performed suc-
cessfully. 96 on 112 FJ injections resulted in the facet joint
intra-articular space (accuracy: 85.7%), (Fig.5). In the
other 4 patients, the mean distance of the tip of the needle
from the zygapophyseal articular border was:
3.6 £ 3.3 mm (mean + SD; range 1.1-8.9 mm).

The results of the group of patients underwent a low-
dose CT scan after the procedure and of the group which
did not undergo a low-dose CT scan are reported in Table 1
and graphically represented in Fig. 6. The overall VAS
data showed no statistically significant differences between
the two groups (p = 0.765). VAS score modified signifi-
cantly overtime both in patients and controls (p < 0.001).

No significant peri-procedural complication occurred.
Twelve FJI in 10 patients caused a mild subcutaneous
haematoma along the path of the needle, spontaneously
resolved in few days without long-term complications.

Mean procedure time was 28 min. It decreased from
April 2014 to August 2015 from 36 to 25 min, in con-
nection with the learning curve of the procedure (Fig. 7).
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Fig. 6 Chart showing pain reduction using VAS scale with no
significant difference between post procedure CT-scan group (blue
line) and only MR-US fusion guidance group (red line)

Discussion

Low back pain has multifactorial origin; however, it has
been shown that at least in some situations FJOA is a
significant underlying cause, independent from health
factors and disc height narrowing. [6]. Several radiological
classifications of facet joints degeneration have been pro-
posed; among these the most reliable is the Grogan clas-
sification, which is based on CT findings and ranges from
uniform thick cartilage and thin cortical bone to complete
absence of cartilage with marginal osteophytes and dense
cortical bone greater than half the facet joint [20].

Although MR imaging is still not usually considered to
be equivalent to CT for the evaluation of facet joints [23], it
is the most common evaluation performed for the assess-
ment of low back pain in clinical practice. In this setting,
we used the MRI-based Fujiwara classification for the pre-
treatment grading of FJOA.
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Fig. 7 Learning curve of MR-US fusion-guided FJ injection. In one
year procedure, time decreased from 36 to 25 min

FIJI is an established method for the treatment of
deep low back pain caused by FJOA but palpation-
guided injections are inaccurate in up to 50% of cases
[16, 24].

CT and fluoroscopy are the most common methods for
image guidance, providing excellent visualization of
anatomical landmark and therefore enabling highly accu-
rate needle placement, but require the use of ionizing
radiation, which is the serious drawback, especially in
serial therapeutic procedures [25-27].

MR-guided facet joint injection therapy is a valid
alternative, able to avoid radiation exposure to patients and
personnel, but high cost, increased timing of the procedure
and the need for MR-compatible needles have limited the
clinical development of this practice [15, 16, 28, 29].

Fusion imaging is a technique that allows to synchronize
and superimpose images from different modalities to assess
simultaneously the area of interest through the fields of
view of each technique; specifically, it provides CT or MR
cross-sectional multiplanar images that correspond to the
acquired real-time US images, and all images can be dis-
played simultaneously and in real time according to the
angle of the US transducer.

Our results confirm the existing literature about the
effectiveness of steroid injections for FJOA. Moreover, we
found no significant differences in pain reduction between
the group that carried out the post-needle insertion CT scan
and the group that did not conduct any post-infiltration
control. This finding confirms the technical feasibility of
FJI under fusion imaging guidance and reinforces our
confidence regarding the effectiveness of the FJI in terms

of pain reduction, although this finding was not the primary
purpose of the study.

Some authors indicate that the complete accuracy of
needle placement may not be essential for satisfactory
outcome [11, 12]. This statement could be true when
dealing with corticosteroids and ozone that gets accept-
able therapeutic effects even if you do not reach precisely
the joint space due to the good spread of these substances
on the periarticular space. However, a similar concept
cannot be applied when hyaluronic acid is used, as these
substances explicate their action only when injected
directly in the joint space [30]. Thanks to its high tolera-
bility and low side effects, the use of hyaluronic acid has
increased in the local treatment of FJOA and could be
suggested in patients with contraindication to corticos-
teroids [31, 32].

The slight but significant increase in the VAS value
reported by patients after 8 weeks is indicative of the only
palliative role of the treatment and, consequently, the need to
repeat the infiltration over time and also to allow a good
compliance to physiotherapy. The lack of ionizing radiation
in the guide introduction needle is, therefore, not negligible.

In this study, we used an in-plane approach to the probe
for needle insertion; this made the process simple and
immediate, with a constant display of the virtual target.

In situations where exuberant osteophytosis makes this
approach impossible injections can be performed with an
out-of-plane approach. This approach is complex and it is
more difficult to reach the target because it is not possible
to have a constant visualization of the needle tip.

The fusion system allows the use of so-called virtual
tracking, a system based on a position and direction sensor
mounted over the needle base that generates on the ultra-
sound screen a track of the current position of the tip, the
direction and the position that the tip will have when it
reaches the ultrasound scan plane [33].

This system has been tested in other fields and its
development could enable the routine use of approaches
that are currently not viable [34, 35].

One of the main limitations of our study was the use of
diagnostic MR scans acquired with an open bore low-field
system, with patients lying in the supine position. The
choice has depended on the will to recreate the most
probable clinical routine scenario, in which patients per-
form MRI for diagnostic purposes, with no expectation of
any interventional procedure at the lumbar spine or at
sacrum-iliac joint. However, any kind of dataset in DICOM
format could be used for fusion purposes. The patient
position in which MRI was performed (supine) does not
correspond, therefore, to the position in which it was car-
ried out the infiltration (prone), and then the vertebrae of
the lumbar spine will have slightly different position
among them. This has been offset by the real-time
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calibration corrections and the use of multiple bony land-
marks at each vertebra before the introduction of the nee-
dle. It is possible to speculate that the execution of MR
examinations in the prone position facilitates and makes
faster the calibration procedure. However this will not add
any significant advantage in fusion procedure accuracy,
also with the disadvantage of having to carry a dedicated
examination.

A crucial point is to keep perfectly still the magnetic
field generator (transmitter), and so you have to place it in
such a way as not to obstruct the interventional procedures.
A displacement of the generator, even minimal, entails the
need to recalibrate the entire procedure.

Conclusion

In conclusion, MR and ultrasound image fusion-guided
needle insertion resulted a valuable procedure, which
allows for a quick, safe and effective injection of degen-
erative facet joint disease. It can be of specific benefit in
younger patients with chronic lower back pain, in whom
repeated injections are necessary over time using a single
MR data set with the aim to avoid radiation exposure and
reduce time of procedures. Further, this technique can be
easily implemented in other applications where spinal
needles are used even if a relatively short learning curve is
needed to get confidence with the procedure.
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