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Background: This study aimed to evaluate the efficacy and reliability of three-dimensional (3D) fusion 
guidance in roadmapping for fluoroscopic navigation during trans-arterial embolization for refractory 
musculoskeletal pain (TAE-MSK pain) in the extremities.
Methods: The included research patients were divided into two groups: group A—TAE-MSK pain 
performed without the use of 3D fusion guidance; group B—TAE-MSK pain performed with the use of 
3D fusion guidance for fluoroscopic navigation. We compared the procedure time, radiation dose, visual 
analogue scale for pain scores, and adverse effects (before and 3 months after TAE-MSK pain) among 
the two groups. In the group B, we determined the reliability of ideal branch angle for pre-operative 
non-contrast 3D magnetic resonance angiography (MRA) and intra-operative 3D cone beam computed 
tomography (CBCT) angiography.
Results: We recruited 65 patients, including 23 males and 42 females (average age 58.20±12.58 years), with 
38 and 27 patients in groups A and B. A total of 247 vessels were defined as target branch vessels. Significant 
changes were observed in the fluoroscopy time which was 32.31±12.39 and 14.33±3.06 minutes, in group 
A and group B (P<0.001), respectively; procedure time, which was 46.45±17.06 in group A and 24.67±9.78 
in group B (P<0.001); and radiation exposure dose, determined as 0.71±0.64 and 0.34±0.29 mSv (P<0.01) 
in group A and group B, respectively. Furthermore, the number of target branch vessels, that underwent 
successful catheterization were 107 (97%) in group B as compared to 96 (70%) in group A, which was also 
significant (P<0.001). The study also showed that the ideal branch-angle has a similarly high consistency in 
pre-operative and intra-operative angiography based on the intra-class correlation coefficient (ICC) (0.994; 
0.990, respectively).
Conclusions: 3D fusion guidance for fluoroscopic navigation not only is a reliable process, but also 
effectively reduces the operation time and radiation dose of TAE-MSK pain.
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Introduction

Transarterial embolization (TAE) is a widely used treatment 
for aggravating musculoskeletal pain (MSK pain) in the 
extremities, that is refractory to conservative treatment or to 
percutaneous injections (1-5). Under normal circumstances, 
visualization of arterial branches with staining of abnormal 
vessels, which should be targeted in TAE for pain control 
is guided by two-dimensional (2D) angiography (2,4,5). 
Detailed information from the staining of abnormal 
target vessels is essential for successful catheterization and 
sufficient TAE (2-5). However, it is sometimes difficult to 
identify some extremity arteries on 2D angiographic images 
because of overlapping vessels.

Three-dimensional  (3D) cone-beam computed 
tomography (CBCT) technology using a flat-panel detector 
during angiography, has shown good 3D angiography 
and cross-sectional soft tissue imaging as part of the 
angiography system (6). 3D-CBCT is a technique that 
permits assessment of complex vascular anatomy of the area 
of interest and the complex arterial navigation further helps 
for road-mapping during complex arterial catheterization 
(6-8). As compared to conventional radiography, CBCT 
has an added advantage for MSK disorders due to its 
high spatial resolution resulting in intense details of bone 
microarchitecture (9). Intraoperative fluoroscopy alone, 
may be less sensitive to identify potential lesions, and also 
may require higher cumulative dose and longer time (10). 
The use of CBCT guidance along with fluoroscopy can aid 
in choosing the best approach, track and detect errors in the 
operating room, further helping to reduce the fluoroscopy 
time (11).

Fusion imaging is a technique that involves 3D 
visualization of structures by fusion of preoperative 3D 
CBCT images into intraoperative 2D fluoroscopy images 
(2D-3D fusion imaging) (12). Multimodality image 
fusion guidance could be the next new alternative to 
conventional angiogram road-mapping in endovascular 
procedures, which can effectively facilitate the vascular 
embolization and reduce radiation dose (13,14). Previous 
research demonstrated the feasibility of image fusion of 
pre-angiography 3D contrast CT and magnetic resonance 
angiography (MRA) with intra-procedural fluoroscopy 
for road-mapping in endovascular treatment of aortoiliac 
steno-occlusive disease (14). However, there has been 
limited exploration of this technique for visualization of 
blood vessels in the extremities. The usefulness of 2D/3D 
registration has been previously illustrated during hip joint 

and femur fluoroscopy procedures (10,15). 
The purpose of this study was to evaluate the efficacy 

of 3D fusion guidance for fluoroscopic navigation in 
TAE for refractory MSK pain (TAE-MSK pain). We 
assessed the efficacy based on the detection and successful 
catheterization of the target vessels. We also aimed to assess 
the reliability and safety of pre-procedural non-contrast 3D 
MRA and intra-operative 3D CBCT angiography during 
road-mapping for fluoroscopy procedure. We determined 
this reliability of ideal branch-angle by measuring the 
included angle for ideal separating of the target vessel 
branch from the main trunk artery in the key 2D reference 
images and roadmap images for navigation use.

Methods

Patients

This retrospective study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). The 
study was approved by institutional review board of Tri 
Service General Hospital and individual consent for this 
retrospective analysis was waived. Patients were included 
based on the following criteria: (I) diagnosed with either 
osteoarthritis of knee (2); adhesive capsulitis of shoulder 
(5); and tendinopathy or enthesopathy confirmed by 
physical examination or ultrasound-guided provocation 
injection regardless of location (1). (II) Underwent previous 
conservative therapies (rest, anti-inflammatory drugs, 
ice, stretching, strengthening, corticosteroid injections, 
and physical therapy) applied for at least 3 months, and 
persistent moderate to severe pain [i.e., visual analog scale 
(VAS) score >50] (1,2,5). Patients were excluded from the 
study if they had reported local infection, tumor, bleeding 
tendency, and restless limb.

The patients with clinically suspected refractory MSK 
pain were evaluated by the interventional radiologist who 
further considered the procedures conducted between 
November 2020 and December 2021. We included  
67 patients, who received TAE for refractory MSK pain 
(Figure 1). We excluded 2 patients who could not complete 
the TAE and with a restless limb to perform CBCT because 
the images were not clear. Therefore, this study finally 
included a total of 65 patients with 23 males and 42 females, 
in the age range of 42-to-84 years old.

The included research patients were divided into two 
groups: group A—TAE-MSK pain performed without 
the use of 3D fusion guidance for fluoroscopic navigation; 
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group B—TAE-MSK pain performed with the use of 
3D fusion guidance for fluoroscopic navigation during 
the procedure (with an aim to overcome the difficulty of 
overlapping vessels). 

Procedure

All MSK-TAE pain procedures, for patients in both the 
groups, were carried out by an interventional radiologist 
with 15 years’ experience. The femoral artery or radial 
artery was selected to perform puncture in an ipsilateral 
antegrade fashion for the TAE procedure using a 
commercial ceiling angiography system (Siemens Artis 
Q system, Siemens Healthcare, Forchheim, Germany). 
Arterial access was gained percutaneously by using a 
5-Fr sheath (Terumo, Tokyo, Japan) under ultrasound-
guidance. After the intravenous administration of 2,000 IU 
heparin sodium (Mitsubishi Tanabe, Osaka, Japan), a 5-Fr 
angiographic catheter was inserted towards the target lesion 
and a 2.4-Fr microcatheter (Merit maestro) was inserted 
coaxially through the 5-Fr catheter to be selectively placed 
in the targeted branch arteries.

For the patients in group B, we further observed the two 
types of 3D imaging techniques used for subsequent fusion 
guidance and fluoroscopic navigation—non-contrast MRA, 
which was performed prior TAE-MSK pain; and CBCT 
angiography, performed during TAE-MSK pain procedure. 
Protocol of non-contrast MRA and CBCT angiography 
have been described in Table 1. Pre-procedural non-contrast 
MRA has been one of the routinely performed procedures in 
our hospital for TAE-MSK pain in upper extremities, since 
CBCT has a fixed field of view, more suitable for visceral 
organs and lower extremities (8). However, majority of our 
patients required TAE-MSK pain for lower extremities 
and subsequently, intra-procedural CBCT angiography 
was conducted for the other remaining patients in group B. 
For those patients who underwent pre-TAE non-contrast 
MRA procedure, the available images were imported 
to the 3D workstation (syngo X Workplace, Siemens 
Healthcare, Forchheim, Germany) for planning and image 
fusion. Two intraoperative 2D projections, including one 
anteroposterior 2D-digital subtraction angiography and 
the other with roadmap at least 30 degrees apart, were 
used for 2D/3D image registration (syngo 2D-3D fusion, 

Figure 1 Flowchart illustrating patient selection for the study. TAE, transarterial embolization; MSK, musculoskeletal; CBCT, cone bean 
computed tomography; MRA, magnetic resonance angiography.

Excluded 2 patients who could not 
complete the TAE and with a restless 

limb to perform CBCT

A total of 67 patients received TAE for refractory MSK pain

Pre TAE diagnosis

(I) Osteoarthritis of knee (n=14)
(II) Adhesive capsulitis of shoulder (n=28)
(III) Tendinopathy or enthesopathy (n=23)

Group A (n=38)
Without the use of 3D fusion 

guidance for fluoroscopic navigation

Group B (n=27)
With the use of 3D fusion guidance 

for fluoroscopic navigation

Non-contrast MRA
(n=7)

CBCT-Angiography
(n=20)
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Siemens Healthcare, Forchheim, Germany) automatically 
on the 3D workstation (16). For the other patients in 
group B, undergoing CBCT-angiography, images were 
acquired intraoperatively using flat-panel interventional 
angiography system (Siemens Artis Q ceiling) and software 
(5-second syngo DynaCT, Siemens Healthcare, Forchheim, 
Germany). Thereafter, interventional radiologists 
determined the ideal target branch vessel branch separated 
from main trunk artery on the 3D workstation and the 
saved key 2D reference image. C-arm gantry was then 
automatically positioned depending on the reference image 
selected (syngo Automap, Siemens Healthcare, Forchheim, 
Germany), following by creating and saving one roadmap 
for later navigation use (Figure 2) (17). After confirming 
that the abnormal staining, which was the characteristic for 
determining of target branch vessels (1,2,5), TAE-MSK 
pain was performed cautiously injecting 0.1–0.3 mL of the 
embolic agent at a time using a 3 mL syringe. A suspension 
of embosphere (particle size: 100–300 µm) (Ems; Biosphere 
Medical, Rockland, USA) mixed with iodinated contrast 
medium was used as an embolic agent. The aim of TAE-
MSK pain procedure was to “prune” the abnormal vessels 

and maintain the larger native artery branches (2).

Data collection and analysis

Efficacy assessment included the detection of the target 
vessels and target vessel catheterization during TAE. 
Reliability was assessed based on difference of the included 
angle “Ө” between the key 2D reference images and 
roadmap images for navigation use. Safety evaluation was 
based on the radiation dose and the occurrence of adverse 
events.

Clinical data including sex, age, regions of TAE-MSK 
pain, the number of target branch vessels for TAE-MSK 
pain, number of overlapping target branch vessels for TAE-
MSK pain, number of separating target branch vessels for 
TAE-MSK pain and the number of target branch vessels 
that successfully underwent catheterization of target branch 
vessels were routinely recorded for patients in both the 
groups. We also assessed the procedure time, radiation 
doses, VAS scores, and adverse effects (before and 3 months 
after TAE-MSK pain procedure). The change in the VAS 
(∆VAS) scores of the patients was defined as the difference 
between the baseline and 3 months after TAE-MSK pain 
procedure. Dose report of each case after treatment was 
used to evaluate the radiation exposure dose and the total 
fluoroscopy time. With regards to the radiation exposure 
of the patients suffering from TAE-MSK pain, we noted 
the effective dose, which has been generally accepted as 
a single number index reflecting patient radiation risk. It 
was subsequently calculated using the latest International 
Commission on Radiological Recommendations 103 
weighing factors, published in 2007 (18). The physician’s 
exposure dose is monitored by a personnel film. The 
personnel film records the radiation dose for a period of 
one month, making it difficult to read the accurate medical 
exposure dose for a single operation.

The above-mentioned key 2D reference images from 
image fusion results by either non-contrast MRA or CBCT 
angiography and the roadmap images for navigation use 
were retrieved from Picture Archiving and Communication 
System for measuring the angle for ideal separation of 
the target vessel branch from the main trunk artery. Two 
senior interventional radiology technologists measured the 
included angle “Ө” between target branch vessel branch 
and main trunk (Figure 3) in the saved images of each 
patient and were blinded to measure the included angle 
of all images. Duplicate measurements were taken and  
recorded by each rater at a regular interval of two weeks. 

Table 1 Protocol of non-contrast MRA and CBCT angiography

Non-contrast MRA CBCT angiography

Instrument GE/signa PET-MR 750W 3T Siemens/artis Q

Protocols Non contrast gated  
3D-FSE MRA

Acquisition time: 5 s

Inhance deltaflow: kV: 90–96 kV

Acquisition time: 4.36 s Matrix: 512×512 

Acquisition number: 1 Frame: 395–397 

TE: 80 s 0.5°/frame

Frequency × phase: 
320×224

Total angle: 200°

FOV: 30 cm Detector size:  
30 cm × 40 cm

Trigger type: PG Injector rate: 2 mL/s

Total volume: 20 mL

X-ray delay time: 4 s

Contrast: saline =5:2

MRA, magnet ic resonance angiography;  CBCT, cone 
bean computed tomography; PET-MR, positron emission 
tomography-magnetic resonance; FSE, fast spin-echo; TE, time 
to echo; FOV, field of view; PG, peripheral gated.
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The mean of the repeated measurements was used as the 
final value (19).

Statistical analysis

All measurements of changes in the two groups (age, VAS 
scores, fluoroscopy time, etc.) were presented as means ± 
standard deviation. Differences in baseline characteristics 
between the two groups were compared using a chi-square 
test and a Mann-Whitney U test. Intra-class correlation 
coefficient (ICC) of the ideal branch-angle for fluoroscopic 
navigation was used to analyze the consistency of the 
difference in the included angle “Ө” between the key 2D 
reference images and roadmap images for navigation use. 
Statistically significant differences were defined by a P value 

<0.05. All statistical data were analyzed using the SPSS 
software (IBM SPSS Statistics for Windows, Version 22.0. 
Armonk, NY, USA: IBM Corp.). 

Results

The baseline characteristics of the study cohort are detailed 
in Table 2. Group A comprised of 38 patients, 13 males 
and 25 females, who underwent TAE without the use of 
3D fusion guidance for fluoroscopic navigation. Group 
B constituted 27 patients, 10 males and 17 females, who 
underwent TAE with the use of 3D fusion guidance for 
fluoroscopic navigation (Figure 1). In group A, there were  
21 patients (55%) treated for MSK pain in upper extremities, 
and 17 patients (45%) for pain in lower extremities; while in 

Figure 2 The three-dimensional image fusion techniques used in fluoroscopic navigation. The processes for the pre-operative non-contrast 
3D MRA and 3D CBCT angiography for 3D image fusion used in fluoroscopic navigation among group B patients. The 3D image was 
rotated in the workstation to obtain the easiest separation angle between the target vessel and the main trunk. The workflow indicates how 
the ideal target branch vessel was separated from main trunk artery on the 3D workstation and the saved key 2D reference image. White 
arrows indicate target vessels. Group B: TAE-MSK pain performed with the use of 3D fusion guidance for fluoroscopic navigation. MRA, 
magnetic resonance angiography; OP, operative; LAO, left anterior oblique; DSA, digital subtraction angiography; CBCT, cone bean 
computed tomography; CT, computed tomography; CBCTA, cone bean computed tomography angiography. 
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Figure 3 Evaluating the reliability of image fusion for fluoroscopic navigation based on the measurement of the included angle before and 
after fusion. (Remarks: the measurement method is based on the angle between the long axis of the main vessel wall and the long axis of the 
target branch vessel as the measurement benchmark). Black arrows and white arrows: target branch vessel. Ө1: angle measured in the key 
2D reference image; Ө2: angle measured after fusion of 2D reference image and roadmap image. MRA, magnetic resonance angiography; 
CBCT, cone bean computed tomography.

Table 2 Baseline characteristics of the study cohort

Variable Group A (N=38) Group B (N=27) P value

Sex

Male 13 (34%) 10 (37%) 0.814

Female 25 (66%) 17 (63%)

Age (years) 59.16±12.01 57.85±13.63 0.684

Region

Upper extremity 21 (55%) 7 (26%)

Lower extremity 17 (45%) 20 (74%)

Total number of target branch vessels 137 110

Number of target branch vessels per patient (3 to 5) ±1.20 (2 to 6) ±1.42 0.157

Total number of overlapping target branch vessels 33 (24%) 22 (20%) 0.443

Total number of target branch vessels catheterized 96 (70%) 107 (97%) <0.001

Data are presented as mean ± standard deviation/N (%). Group A: patients without the use of 3D fusion guidance for fluoroscopic 
navigation; Group B: patients with the use of 3D fusion guidance for fluoroscopic navigation.

group B, 7 patients (26%) received treatment for MSK pain 
in the upper extremities, and 20 patients (74%) for pain in 
lower extremities (Table 2). Among the patients treated for 
pain in lower extremities, one patient in group A and two 
patients in group B had previously undergone total knee 

arthroplasty. There were no major adverse events related to 
the procedures. Minor adverse effects such as puncture site 
hematoma/pain/skin color change were observed during the 
follow-up after the procedure.

Regarding the discomfort of the patients, the VAS scores 

Ө2

Ө2

Ө1

Ө1

Non-contrast MRA

CBCT-angiography

Key 2D reference image The roadmap image for later navigation use
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before TAE (group A: 7.87±1.49, group B: 7.52±1.48; 
P=0.353) decreased 3 months after TAE (group A: 
3.08±2.83, group B: 2.63±2.90) but there were no significant 
intergroup differences (P=0.535). The ∆VAS scores of 
group A and B were 4.79±2.60 and 4.89±2.69, respectively, 
with no statistical significance between the two groups 
(P=0.882). The total fluoroscopy time during the TAE 
procedure in the group A and group B was 32.31±12.39 
and 14.33±3.06 minutes (P<0.001) and the procedure time 
also reduced by 46.8% (P<0.001). The cumulative effective 
dose in group A and group B were 0.71±0.64 and 0.34± 
0.29 mSv (P<0.01), reduced approximately by 52.1% in 
group B. Both fluoroscopy time and effective radiation dose 
showed a statistically significant reduction in group B as 
compared to group A (Table 3).

In group B, using 3D fusion guidance for fluoroscopic 
navigation, we also determined the difference of the 
included angle “Ө” between the key 2D reference images 
and roadmap images for navigation use. Table 4 shows the 
findings for non-contrast 3D MRA (n=7) and 3D CBCT-
angiography (n=20) among the patients in group B (n=27), 
with 28 and 82 target branch vessels, respectively. The 
number of overlapping target branch vessels for TAE-
MSK pain were 4 vessels (14%) for 3D MRA and 18 vessels 
(22%) for 3D CBCT angiography (P=0.381). The number 
of separating target branch vessels for TAE after 3D fusion 
guidance were 28 vessels (100%) for 3D MRA and 82 vessels 
(100%) for 3D CBCT angiography. For non-contrast 3D 
MRA, there were 28 vessels (100%) that were successfully 
catheterized; while in patients who underwent 3D CBCT 

Table 3 The differences in VAS scores, fluoroscopy time and effective radiation dose between groups A and B

Variable Group A Group B P value

VAS scores

Before TAE-MSK pain 7.87±1.49 7.52±1.48 0.353

After TAE-MSK pain 3.08±2.83 2.63±2.90 0.535

∆VAS scores 4.79±2.60 4.89±2.69 0.882

Fluoroscopy time (min) 32.31±12.39 14.33±3.06 <0.001*

Procedure time (min) 46.45±17.06 24.67±9.78 <0.001*

Effective radiation dose (mSv) 0.71±0.64 0.34±0.29 <0.01*

Data are presented as mean ± standard deviation. *, P<0.01, statistically significant. Group A: patients without the use of 3D fusion 
guidance for fluoroscopic navigation; Group B: patients with the use of 3D fusion guidance for fluoroscopic navigation; VAS, visual 
analogue scale; TAE-MSK, transarterial embolization for refractory musculoskeletal pain.

Table 4 Observation between non-contrast 3D MRA and 3D CBCT angiography among group B patients

Variable Non-contrast 3D MRA 3D CBCT angiography P value

Number of patients  7  20

Total number of target branch vessels  28  82

Number of target branch vessels per patient (2 to 4) ±0.22 (3 to 5) ±1.12 0.191

Total number of overlapping target branch vessels for TAE 4 (14%) 18 (22%) 0.381

Total number of separating target branch vessels for TAE after 
3D fusion guidance

28 (100%) 82 (100%) 1

Number of target branch vessels selectively catheterized 28 (100%) 78 (95%) 0.234

Difference of included angle between main trunk and target 
branch artery (degree)

2.29±1.18 2.78±1.26 0.378

ICC 0.994 0.990

Data are presented as mean ± standard deviation/N (%). MRA, magnetic resonance angiography; CBCT, cone beam computed 
tomography; TAE, transarterial embolization; ICC, intraclass correlation coefficient. 
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angiography, 78 vessels (95%) were successfully treated by 
catheterization of target branch vessels, and 4 vessels (5%) 
could not complete the catheterization due to the implants 
used for total knee arthroplasty among 2 patients. The 
differences of measured included angle between main trunk 
and target branch artery were 2.94±1.18 degrees for 3D 
MRA and 2.78±1.26 degrees for 3D CBCT angiography, 
and the 3D image angle showed a higher consistency of 
ideal branch-angle for fluoroscopic navigation based on 
ICC values 0.994 and 0.990, respectively. 

Discussion

This study demonstrated the efficacy, reliability and 
safety of the use of 3D fusion guidance in comparison 
to the procedure without the use of 3D fusion guidance 
for fluoroscopic navigation in TAE for refractory MSK 
pain. The key to performing a successful TAE is the safe 
and effective catheterization of the target vessels with the 
tip of the angiocatheter. Our data showed that 3D fusion 
guidance was effective and reliable for the interventionist 
in the catheterization of target branch vessels during the 
TAE. Furthermore, there was also a significant reduction 
in fluoroscopy time and effective radiation dose. The fusion 
imaging combining CBCT, and fluoroscopic navigation 
helps to efficiently guide the procedure, decide the best 
approach, and identify errors in the operating room, thus 
lowering the overall procedure time and radiation dose 
exposure. Therefore, we suggest that 3D fusion guidance 
can be considered as a supplemental technique in TAE for 
refractory MSK pain.

This study also observed the two types of 3D imaging 
processes used for subsequent fusion guidance and 
fluoroscopic navigation, namely, the pre-operative 3D 
MRA and the intra-operative 3D CBCT angiography. 
A l t h o u g h  a  p r e v i o u s  s t u d y  d e m o n s t r a t e d  t h a t 
fluoroscopic navigation using 3D-CBCT for prostatic 
artery embolization can facilitate catheterization by 
morphologically identifying prostate arteries (8), 
quantitative measure of the reliability of this fluoroscopic 
navigation was not done. Our study mainly focused on the 
analysis of the reliability of trajectory by the branch-angle 
differences of main trunk and target branch artery, rather 
than differences in vessels location, despite the two types 
of 3D imaging processes being performed on upper and 
lower extremities, respectively. Herein, we measured the 
reliability of fluoroscopic navigation by determining the 

difference of the included angle “Ө” between the key 2D 
reference images and roadmap images for navigation use. 
The study also showed that non-contrast 3D magnetic 
resonance before TAE has high consistency of the ideal 
branch-angle similar to that of intra-operative CBCT 
angiography for fluoroscopic navigation. Although the 
image quality of non-contrast 3D MRA needs to be 
carefully adjusted, it has more advantages. For example, 
it can be done before angiography, with no radiation, no 
contrast agent, and can achieve the position that CBCT 
cannot, especially for TAE in shoulder (20). Therefore, 
non-contrast 3D MR before TAE is a viable alternative to 
CBCT angiography for fluoroscopic navigation.

CBCT has recently  been adapted for use with 
C-arm systems. This configuration provides projection 
radiography, fluoroscopy, digital subtraction angiography, 
and volumetric CT capabilities in a single patient setup, 
within the interventional suite (21). Such capabilities allow 
the physician to perform 3D imaging during TAE without 
the need for patient transportation. Although additional 
radiation dose of CBCT during TAE cannot be avoided, 
judicious use of in-suite CBCT may reduce patient dose by 
providing critical diagnostic information, thereby avoiding 
the need for excessive fluoroscopy. Moreover, considering 
the limited field-of-view to the anatomic area of interest for 
minimizing the patient dose and avoiding the C-arm hitting 
the patient, CBCT can be applied only to visceral organs 
of trunk (21,22). This also limits the use of CBCT in 3D 
fusion guidance for navigation in TAE for refractory MSK 
of upper extremities.

Similar  to our f indings,  previous reports  have 
demonstrated that it is feasible to use 3D contrast CT 
angiography and 3D contrast MRA for fluoroscopic 
navigation (14,16). There is no significant difference in the 
morphology of blood vessels as observed in non-contrast 
3D MRA and contrast MRA (23). Hence, non-contrast 
3D MRA is a viable alternative to 3D contrast-MRA with 
additional advantage of lower probability of gadolinium-
based toxicity of contrast agents. To our knowledge, this 
was the first study to quantify the measures and suggest 
adoption of the non-contrast 3D MRA, as an examination 
performed before TAE for refractory MSK pain, for 
fluoroscopic navigation during TAE.

Chau et al. (24) demonstrated that TAE may be a 
treatment option for persistent unexplained pain after total 
knee arthroplasty, which occurred in approximately 20% of 
patients who underwent total knee arthroplasty (25). Unlike 
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Figure 4 Case example. A 70-year-old female, with history of refractory right knee pain after total knee arthroplasty one year ago and 
underwent TAE. The 3D-CBCT angiography image revealed the target branch vessel—medial superior genicular artery, the orifice of which 
was invisible due to overlapping and being obscured by the metal implant used in the total knee arthroplasty at anteroposterior projection 
(A). The target branch vessel can be separated from popliteal artery and is clearly visible at the best viewing angle (LAO 105°/CRAN 90°)  
on adjusting the 3D-CBCT angiography image at the workstation (B). After 3D fusion guidance for fluoroscopic navigation, the target 
branch vessel can be identified without overlapping on roadmap image at the automatic gantry position (C). Successful catheterization of the 
target branch vessel on digital subtraction image at anteroposterior projection (D). Thin white arrow: target vessel; thick white arrow: metal 
implant. TAE, transarterial embolization; CBCT, cone bean computed tomography; LAO, left anterior oblique; CRAN, cranial.

intraoperative CBCT angiography, which is a feasible 
technique for the anatomic area of interest status post 
implant fixations (26), non-contrast 3D MRA cannot be 
successfully completed due to metallic artifacts. In our study, 
CBCT angiography could accurately assess the complex 
vascular anatomy, which could not be clearly distinguished 
on fluoroscopy due to the presence of implant which also 
prevented catheterization of target branch vessels during 
3D fusion guidance for fluoroscopic navigation (example 
shown in Figure 4A-4D). Intraoperative CBCT angiography 

may be the only option during 3D fusion guidance for 
fluoroscopic navigation in patients with implant fixation at 
the area of interest. Even so, we still could not completely 
dodge the metallic implant to achieve successful target 
branch vessel catheterization on fluoroscopy in all our 
patients with similar condition.

This study had some limitations. Firstly, its retrospective 
design and a relatively small number of patients, which 
inherently decreased the statistical strength. Further studies 
using this technique with a larger number of patients 

A B

C D
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are warranted. Secondly, the case number was unevenly 
distributed between upper and lower extremities. However, 
the study aimed to investigate the application of 3D imaging 
technology and fusion accuracy on target vessels rather 
than the anatomic area of interest. Future research could be 
aimed towards improvement of the uniformity of a single 
site. Thirdly, a possible technical limitation is that breathing 
may affect the static status of the anatomic area of interest, 
potentially causing overlay inaccuracy during the 3D fusion 
guidance for fluoroscopic navigation (22). Fortunately, the 
indications of TAE-MSK pain in this study are in the limbs, 
which are relatively static. Furthermore, TAE-MSK pain 
using 3D fusion guidance was observed for different parts 
of the body, which may imply different levels of difficulty in 
target arterial catheterization. We noticed a similarity in the 
number of target vessels identified in each patient (Table 4),  
whether the procedure was performed in the upper or lower 
extremities. Moreover, the variation in radiation dose, has 
been previously related to the number of images taken, 
which in turn depends upon the number of target vessels to 
be catheterized, and not influenced by the site (27). 

In conclusion, 3D fusion guidance for fluoroscopic 
navigation could be reliable and contributes to the 
effectiveness of TAE for refractory MSK pain despite the 
inclusion of patients with overlapping vessels. In addition, 
non-contrast 3D MR before TAE is a reasonable alternative 
for patients who are probably not candidates for CBCT 
during TAE. Further experience with larger number of 
patients is required to determine the utmost utility of this 
technique. 
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