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Abstract: The objective of this study was to compare the outcomes of the ultrasound- and fluoroscopy-
guided techniques in the management of back pain. Using PubMed, Scopus, and the Cochrane Library,
we searched randomized controlled trials (RCTs) published before May 2023, which reported relevant
data on the topic. The effectiveness of the ultrasound-guided (US-guided) and fluoroscopy-guided
(FL-guided) approaches for back pain management was compared in terms of postoperative pain
intensity, postoperative functional outcomes, and postoperative complications. Subgroup analyses
were conducted for different postoperative periods. Eight studies were included in the analysis.
There was no significant difference in post-procedural pain relief at one week, two weeks, one
month, two months, and three months between the US-guided and FL-guided interventions for
back pain management (SMD with 95% CI is —0.01 [-0.11, 0.10]), p = 0.91, 12 = 0%). In terms of the
postoperative functional outcomes assessed by the “Oswestry Disability Index” (ODI) functionality
score, the model tends to favor the FL-guided injections over the US-guided injections (SMD with
95% CI: 0.13 [-0.00, 0.25], p = 0.05, 2 = 0). Finally, the US-guided and FL-guided injections did not
show significantly different results in terms of postoperative complications (RR with 95% CI is 0.99
[0.49,1.99], p = 0.97, 12 = 0). The subgroup analysis also did not demonstrate differences between
the US-guided and FL-guided techniques in the following outcomes: vasovagal reaction, transient
headache, and facial flushing. There was no significant difference between the US-guided and FL-
guided injections for treating back pain in terms of postoperative pain intensity and complications.
Still, the model tends to favor the FL-guided injections over the US-guided injections in terms
of functionality.

Keywords: back pain management; ultrasound; fluoroscopy; injections; pain intensity; postoperative

complications

1. Introduction

Back pain is extremely common in the adult population, and it is one of the most
frequent causes for patients to seek medical care [1-3]. The conservative medical treatments
for addressing back pain consist of attempting oral medication and manual and exercise
therapies. Interventional pain management modalities have been used for many years for
the management of back pain [1-3]. The conservative medical treatments for addressing
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back pain consist of attempting oral medication and manual and exercise therapies. Com-
monly performed interventional procedures for back pain management include epidural
steroid injections, caudal steroid injections, selective nerve root blocks, facet joints, and/or
medial branch blocks. Such procedures provide a relatively long-term pain-alleviating
effect, with the most advantageous outcome typically observed several weeks after the
procedure [4]. Nevertheless, there may be differences in maximal efficacy and duration
of action. Therefore, there are no uniform follow-up timings. The literature suggests that
control visits are usually scheduled for the 1 week, 1 month, 2 months, and 3 months follow-
ing the procedure. Sometimes, follow-ups occur on week 2, and in case of unsatisfactory
anesthetic effect, the procedure may be repeated 3—4 weeks after the initial intervention.
Although blind caudal epidural injections have a success rate of 74-90% [4], fluoroscopy-
guided (FL-guided) techniques are more commonly used as they provide more accurate
visualization and needle placement, resulting in subsequently accurate administration of
the injectate and better outcomes [1-3,5].

The success rate of fluoroscopy-guided injections is generally higher compared to
blind techniques and can vary depending on several factors, including individual patient
factors, underlying cause and mechanism of pain, location of pain generators, specific
injection technique, skill, and experience of specialists performing this procedure [5].
However, this technique has several negative effects, including radiation exposure, the
contrast agent utilized to confirm appropriate drug deposition that has been associated
with various side effects, including nausea and vomiting, hives, bronchospastic reaction,
urticaria, hypotension, tachycardia, and anaphylactic reaction [2,3]. US-guided techniques
have recently started gaining popularity among interventional pain physicians [6]. Ul-
trasound has proven to provide real-time visualizations of anatomical structures with
less cost and reliable imaging for finding successful injection sites [7]. The success rate
of US-guided low back pain interventions has been reported at 85-100% [8-10]. Previous
studies compared the effects of caudal epidural steroid injections under the guidance of FL-
and US-guided imaging by assessing post-procedural outcomes using the following scales:
“Visual Analogue Scale” (VAS), “Visual Numeric Scale” (VNS), “Numeric Rating Scale”
(NRS), “postoperative Oswestry Disability Index” (ODI), “Neck Disability Index” (NDI)
functionality scores, and frequency of postoperative complications among patients [1-3,10].
Previous observational and randomized controlled trials reported mixed results regarding
the efficacy and safety of these methods, but many of them did not find any significant dif-
ference. The objective of this SR&MA was to compare the US- and FL-guided interventions
in reducing back pain intensity, functional outcomes, and complications.

2. Materials and Methods
2.1. Protocol

The current SR&MA was conducted following the PRISMA guidelines [11]. The
protocol was publicly registered in the Open Science Framework at https://doi.org/10.1
7605/0OSEI0/CBQ82. We searched for RCTs, which studied the effects of the US-guided
and FL-guided injections for back pain management, published before May 2023 in Scopus,
PubMed, and the Cochrane Library (Figure 1). The following search terms and/or their
combinations were used: “fluoroscopy”, “fluoroscopic guidance”, “fluoroscopy-guided”,

“ultrasound”, “ultrasound-guided”, “sonography”, “diagnostic imaging”, “diagnostic”,
ari ari s VATs e

“imaging”, “ultrasonography”, “ultrasonics”, “ultrasounds”, “back pain”, “low back pain”,
“radicular pain”, and “epidural injections”.
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Figure 1. PRISMA diagram.

Two authors conducted the screening. First, the articles were screened based on titles.
Then, abstracts were screened based on inclusion/exclusion criteria. Finally, full texts were
screened, and those articles that reported outcomes of interest for this study were included
in the meta-analysis. In case of disagreements, a third author was consulted.

We considered the following criteria for inclusion: (a) study design: “randomized
controlled trials” (RCTs); (b) age: 18 years and older; and (c) procedures: interventions
for back pain management performed either under US and/or fluoroscopic guidance. We
considered studies published in the English language.

We excluded studies if they included (a) pediatric patients; (b) study designs other
than RCT; or (c) poorly described methodology or inadequately reported findings.

2.2. Outcomes

The primary outcome of our meta-analysis is post-procedural pain intensity. The sec-
ondary outcomes were functional outcomes (ODI/NDI) and postprocedural complications.

2.3. Data Extraction and Biostatistics Methods

Data extraction disputes were resolved via discussion among the authors. In case
of further disagreements, an author not involved in data extraction was consulted. We
extracted the following data from RCTs in the data table (Table 1): 1st author, reference,
country, study design and goals, patient age, study groups, number of patients, and
interventions. If more than one study reported the outcomes of interest, we added them for
data synthesis. Statistical methods were used for data conversions [12,13]. First, the data
were extracted into an Excel file, and then a meta-analysis was conducted using the random
effects model in RevMan 5.4 software, “the Cochrane Collaboration”. In data synthesis, the
standardized mean difference was used for the outcomes of pain intensity and ODI/NDI,
and the risk ratio was used for the incidence of postprocedural complications. The results
were presented with forest plots, where green/blue squares with lines represent sample
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means with 95% ClIs in a single study, whereas black diamonds represent the same for a
group of studies (i.e. the overall result). I? statistic was used to estimate the heterogeneity.

2.4. Methodological Assessment

We used the Cochrane Risk of Bias tool 2 [14] to check the methodological quality of
studies. Each study was assessed in terms of bias in the randomization process, deviations
from the intended interventions, missing outcome data, measurement of the outcome, and
selection of the reported results. For each of these domains, the risk of bias was graded as
“high”, “low”, or “some concerns”. For example, for the randomization process, a “low”
risk of bias implied appropriate allocation sequence generation and concealment that was
well described and resulted in comparable groups at baseline. Based on the results for each
domain, an overall assessment of bias for the study was drawn. If one to two domains were
rated as having “some concerns”, the overall assessment for the study was “some concerns”.
If three or more domains were rated as “some concerns” or at least one as “high risk”, the
study was given an overall rate of “high” risk of bias. The main outcomes were assessed
with GRADE [15] and presented in the Summary of Findings table. For each outcome, the
certainty of evidence was evaluated based on the risk of bias, inconsistency, indirectness,
and imprecision. Each of these criteria was rated as “not serious”, “serious”, or “very
serious”. “Serious” or “very serious” concerns about the certainty of evidence downgraded
the certainty of evidence from high to very low. Two authors conducted the quality
assessment. Risk of bias assessed the randomization and blinding processes, incomplete
accounting of patients or events, selective outcome reporting, and other potential sources
of bias. Inconsistency took into account unexplained heterogeneity, the width of variance of
the point estimates, and the overlapping of the confidence intervals. Indirectness checked
whether the evidence was drawn from populations, interventions, outcome measures, or
comparisons different from the ones of interest for a given outcome. Imprecision considered
the number of patients and the width of the confidence interval. Upgrading was possible
when the pooled effect size was large, when there was a dose-response effect, or when the
effect could have been a result of residual confounding.

3. Results

We initially identified 380 articles that matched our search criteria (Figure 1). Eight ar-
ticles [2,3,6,7,16-19] with 642 patients (US-guided group—321 and FL-guided group—321)
were selected for a meta-analysis (Table 1).
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Table 1. Study characteristics. Abbreviations: TFEI, transforaminal epidural injection; US, ultrasound; FL, fluoroscopy; SNRB, selective nerve root block; CESI,

caudal epidural steroid injections; ESI, epidural steroid injections; SIJI, sacroiliac joint injections; SIJ, sacroiliac joint; St Dev, standard deviation; N, number; RCT,

randomized controlled study.

Author,

Study

Age Mean

N of Patients: Total

R Country . Study Goals (Interven- Patient Characteristics Injected Agents Study Conclusion
Citation Design (St Dev) .
tion/Control)
To compare outcomes of FL- or “Patients who had undergone “n 2o . . Comparable
Aldayaetal,  p g, RCT US-guided CESI in 48.55 (10.66), 30: (15/15) L4-5 or L5-51 hemilaminectom 2.5% bupivacaine + effectiveness; US
2017 [6] y ) 45.26 (9.83) y dexamethasone 8 m
post-laminectomy patients ’ ’ within the last 1 year” & more comfortable
To assess the technical P o “Corticosteroid Comparable
Evg(r)lls Sa E,f]al" Latvia RCT feasibility of US- and FL-based 23% ((11%3))' 112: (56/56) h SPH;?I canal sffnloi.ls,’[}? 1s¢ (methylprednisolone acetate 80 mg) analgesic effect and
methods in ESI ’ ’ erniation, spondylohisthests + 1% lidocaine 4 mL” time to perform
To compare short-term
analgesic effect, functional . .
: Py : : “1 mL of 1% lidocaine, then 2 mL Comparable
Jeeetal., Republic enhancements, and safety 57.76 (9.56), . Patients with posterior neck and 4 . .
2013 [2] of Korea RCT between US-guided SNRB and 56.69 (9.32) 110: (55/55) radicular pain” dexametk(l)a;oo/?ﬁ C(lz)(éar?ngg"and I'mL elfégcl:i\ifsnes:ii{l
FL-guided TFEI in the lower ’ &P
cervical spine
To assess the precision, impact “Back pain associated with lower wqo) 16 . Feasibility and safety
Yz;g%e[t%l., China RCT on pain relief, and safety of 57 (10), 58 (9) 80: (40/40) limb radiation pain, herniated li d(l)((;/;illicek:—calurftiffnc{di Orf 02'5;/;,, of US, success rate of
US-guided lumbar TFEI disk or spinal stenosis” prosp 5%
To evaluate the time taken for “Chronic low back pain with
precise needle positioning and . <P “2 mL preservative-free lignocaine Comparable
Hazra et al analyze the clinical 44.48 (6.48) unilateral or bilateral (1%) pre-procedure pain—spapring effect
2016 [16] India RCT effectiveness of FL and US 41.88 (8.05) 50: (25/25) rad;lc u‘liop athy of more tharé?) methylprednisolone 40 mg diluted better visualization
uidance in CESI in chronic low months duration, not responding ! 2 f
g ce ; ” in 10 mL normal saline in FL
back pain to conventional therapy
“40 mg of methylprednisolone
To investigate the differences in a{):ﬁt;it‘(leaccl;liunt:% Eré;or‘r:/%tﬁf Comparable
Soneji et al., Canada RCT accuracy and effectiveness 50.90 (12.77), 40: (20/20) “Patients with chronic back pain epinephrine 1:200 (')00 (total 4 mL accuracy, efficacy,
2016 [17] between US- and FL-guided 46.85 (11.51) : secondary to SIJ arthritis” D eV FL: “radi and overall patient
i) injectate)”Fl: “radio-opaque satisfaction
contrast 0.5 mLs followed by
fluoroscopy imaging”
To assess the immediate “Nonionic contrast medium: 5 mL Comparable
fits of US-gui ESI : i
Parketal,  Republic B e e 57.27 (10.11), , “Patients with unilateral lumbar  (Omnipaque 300) + 15 mL (130ml, ~ nalgesic effect,
2013 [18] of Korea RCT with FL-guided ESI for 5847 (9.22) 110: (55/55) radicular pain” of 0.5% lidocaine + 2 mL. of functional
unilateral radicular pain in the ’ ’ p de.xa;nethasone 10 mg)” improvement, and
lower lumbar spine 8 patient satisfaction
To examine the efficacy and “0.5 mL nonionic contrast media
Jeeetal., Republic RCT 0utc0;r;4e_s Sf(iil_gglldiid and 60.98 (8.58), 110: (55/55) “Chronic low back pain (>3 mo) (Omnipaque 300a) + 2 mL (1.0 mL Comparable efficac
2014 [19] of Korea 8 60.69 (8.02) : without radiculopathy” 0.5% lidocaine + dexamethasone P y

noninflammatory SIJ
dysfunction

10 mg)”
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3.1. Qualitative Description of the Studies

The included studies were published between 2012 and 2018. The studies presented
the results of pain measurements before the injection, at one and two weeks, and one, two,
and three months post-operation, while ODI/NDI functionality scores were measured at
baseline, two weeks, and one and three months. Immediate post-injection complications
such as vasovagal reaction, transient headache, and facial flushing were the common
reactions encountered by a minority of patients.

3.1.1. “US-Guided Selective Nerve Root Block” and “fluoroscopy-Guided Transforaminal
Block” for the Treatment of Radicular Pain in the Lower Cervical Spine

We found one publication that studied this procedure [2]. The “US-guided intervention
selective nerve root block” was shown to facilitate the identification of vessels and avoid
injury to the vessels. It is important to note that injury to the vessels is considered the
leading cause of complications in “cervical transforaminal injections”. Therefore, the
absence of radiation, safety in terms of avoiding vessel injury, and real-time imaging could
make US guidance a preferred method.

3.1.2. US and “FL-Guided Epidural Steroid Injections” in Patients with Degenerative
Spinal Diseases

It was found that “US-guided epidural steroid injections” demonstrated a similar
analgesic effect compared with “FL-guided injections” [3]. There was no difference between
the two techniques in terms of time to perform interventions. The highest pain-relieving
effect was observed 4 weeks post-procedure. At 3 months, the effect lowered but was
still present.

3.1.3. US and “FL-Guided Caudal Epidural Steroid Injection” in Unilateral and
Bilateral Radiculopathy

The authors found significant improvements in pain and disability index within both
groups compared to the baseline scores and no difference between the groups [16]. It was
also shown that the US might be a safe alternative for the FL for placing the needle in the
caudal epidural space for the procedure. Moreover, correct needle placement was faster
under US guidance. The authors, however, stress FL's superiority in terms of providing a
clearer visual of the needle tip and the patterns of the epidurogram [16].

3.1.4. US and “FL-Guided Caudal Steroid Injections” for Degenerative Spinal Diseases

One study assessed US and “FL-guided caudal steroid injection” for the management
of post-laminectomy pain [6]. “Caudal epidural steroid injection” was reported to be a safe
and easy analgesia method for post-laminectomy patients. It is one of the most commonly
used interventions in chronic pain treatment after low back surgery. Unfortunately, if
this intervention is performed under the classical landmark technique, it can lead to
various complications, including dural puncture, intraosseous injection, infection, and
hemorrhage. “US-guided interventions” might be more advantageous compared with
“FL-guided interventions” since they showed better patient satisfaction and reduced the
duration of the intervention. US-guided injection is a safe modality to locate the sacral
hiatus and perform the needle placement [6].

3.1.5. US-Guided and “Fluoroscopy-Controlled Lumbar Transforaminal
Epidural Injections”

There was no difference in pain reduction between the US and FL groups. The success
rate of the US-guided interventions was 85%. The procedural time was shorter in the US
than in the FL group, and the radiation dosage in the US group was lower than in the
FL group. There were no serious complications reported in any of the patients in either
group. Therefore, US guidance might be a safe, feasible method that requires less time and
is associated with less radiation to reach the same results as the FL-guided method [7].
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3.1.6. US-Guided vs. “FL-Guided Caudal Epidural Steroid Injection” in Unilateral Lower
Lumbar Radicular Pain

It was shown that there were no significant improvements in pain and ODI scores at
2 weeks and 3 months in both groups, and the intergroup difference in scores [18]. The
needle repositioning rate was also similar, 13.3% for the FL group and 15% for the US group.
A significantly higher number of injections in the opposite side of the lesion occurred in the
US group [18].

3.1.7. “Fluoroscopic Guidance” vs. “Ultrasound Guidance for Sacroiliac Joint (SIJ)
Injection” in Chronic Low Back Pain

The study conducted by Soneji did not find any notable differences in accuracy, efficacy,
or patient satisfaction between these two image-guided techniques for SIJ injections [17].

3.2. A Meta-Analysis of All Studies Combined
3.2.1. Pain Intensity (VAS, VNS, NRS Scale)

Pain intensity is shown in the forest plot below (Figure 2). The model does not
favor US or FL at postoperative weeks 1 and 2 and months 1, 2, and 3. The overall pain
intensity at all the periods combined is not statistically significant at SMD with 95% CI
—0.01[-0.11, 0.10]), p = 0.91, I = 0%.

Favors US FL Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl
1.1.1 Postoperative week 1

Std. Mean Difference
IV, Random, 95% CI

Akkaya et al. 2017 26 073 15 246 07 15 21% 018053, 0.81] —
Soneji etal. 2016 48 27 0 45 25 0 28% 011 051,073 —
Yang etal. 2016 28 13 40 3014 40 5E% -0.15 [-0.58, 0.29] —_—T
subtotal (95% CI) 75 75 105%  -0.01[033,031] ~al

Heterogeneity Tau®=0.00; Chi*=0.82, df= 2 (P = 0.66), F=0%
Test for averall effect: 2= 0.06 (P = 0.95)

1.1.2 Postoperative week 2

Hazra etal 2016 74 1 5 744 082 25 34% -0.04 [-0.60,0.51] I
Jee etal 2013 32 041 85 317 052 85 T7% 0.06[-0.32, 0.43] I
Jee etal 2014 314 048 85 314 047 85 T7% 0.00[0.37,0.37] T
Parketal 2013 314 046 85 318 052 85 T7% -0.08[-0.45 0.29) 1
Subtotal (95% CI) 190 190  26.6% -0.01 [-0.21, 0.19] -

Heterogeneity, Tau®=0.00; Chi*=0.28, df= 3 (P = 0.96); F=0%
Test for averall effect Z= 012 (P =0.90)

1.1.3 Postoperative month 1

Abkaya etal 2017 28 056 15 253 051 15  20% 0.49[-0.24,1.22) —
Evansaetal 2015 34 19 56 35 2 56 Th% -0.05[0.42,0.32) B
Hazra etal. 2016 392 0.81 25 384 062 25 35% 0.11 [-0.45, 0.66] —

Soneji et al. 2016 51 27 20 42 28 0 28% 0.33[-0.29, 0.96] —

Yang etal. 2016 26 15 40 25 14 40 56% 0.07 [-0.37, 0.51] I
Subtotal (95% Cl} 156 156  21.7% 0.10 [-0.12,0.33] e
Heterogeneity, Tau®= 0.00; Chi®= 2.30, df= 4 (P = 0.68); F= 0%

Test for overall effect: 2= 0.92 (F = 0.36)

1.1.4 Postoperative montn 2

Abkaya etal 2017 3 067 15 311 078 15 21% -0.15 [-0.86, 0.57) —
Hazra etal 2016 3 07 25 284 082 25 3.5% 0.24 [-0.32, 0.749) e I —
Subtotal (95% Cl} 40 40  56% 0.09 [-0.35, 0.53] i

Heterogeneity Tau®= 0.00; Chi*= 069, df=1{(P=0413; F=0%
Test for overall effect: Z=0.41 (P = 0.68)

1.1.5 Postoperative month 3

Akkava etal. 2017 439 0.95 18 452 087 19 21% -0.14 [-0.86, 0.58] —
Evanzaetal 2015 41 2 56 423 86 T.A% 005[-0.32, 0432 e —
Jeestal 2013 262 045 85 261 042 88 TT7% 0.02[-0.35, 0.40] I —
Jeeetal 2014 266 0.44 85 289 047 88 TT7% -0.07 [-0.44, 0.31] s
Parketal 2013 24683 0.42 85 264 049 85 THE% -0.24 061, 0.14] —
Soneji etal. 2016 85 2.2 20 B2 23 a0 28% -030[-0.93, 032 —
Subtotal (95% CI) 256 256 35.7% -0.08 [-0.26, 0.09] <

Heterogeneity Tau®= 0.00; Chi*=1.96, df= 5 (P =0.85); F=0%
Test for overall effect: Z=0.93 (P =0.35)

Total (95% Cl) 77 717 100.0% 0.01 [-0.11, 0.10] ?

[ == - PhiE= - - Rz } } 1 }

Heterogeneity Tau®= 0.00; Chi*=7.93, df=19 (P =0.99); F= 0% K] 05 ) 0% 7
Favors US Favors FL

Test for overall effect: Z=0.11 (P =0.91)
Test for subaroup differences: Chi*=1.89, df= 4 (P=0.76), F=0%

Figure 2. Pain intensity (VAS, VNS, NRS scale) [2,3,6,7,16-19].
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3.2.2. Postoperative Functional Outcomes and Disability (ODI Index)

FL appears to be slightly superior to the US in terms of ODI at 2 weeks postoperatively
at SMD with 95% CI 0.29 [0.05, 0.53], p = 0.02, I? = 0% (Figure 3). Despite being statistically
significant, this result is not clinically meaningful. Additionally, there were no statistically
significant differences in ODI at 1, 2, and 3 months postoperatively. The overall result of
the model tends to favor the FL-guided injections over the US-guided injections: SMD with
95% CI 0.13 [—0.00, 0.25], p = 0.05, I? = 0%.

us FL Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.2.1 Postoperative week 2
Hazra et al. 2016 G072 6.8 25 5928 424 25 5.3% 0.25[-0.31, 0.81]
Jeeetal 2014 26.26 4508 85 25.41 4.5 a5 11.7% 018 [-0.20, 0.55] T
Park etal 2013 3325 B34 85 30.83 474 85 11.8% 0.43[0.05, 0.81] —_—
Subtotal (95% CI) 135 135 28.4% 0.29 [0.05, 0.53] .

Heterogeneity: Tau®=0.00; Chi*= 0.89, df= 2 (P=064); F=0%
Testfor overall effect: Z= 238 (F=0.02)

1.2.2 Postoperative month 1

Akkaya etal. 2017 2619 541 15 2816 612 15  3.2% -0.33 [-1.04, 0.39]

Evansaetal 2015 a0 14 56 308 145 56 11.9% -0.06 [-0.43, 0.31] T
Hazra etal. 2016 3456 478 25 332 365 25 53% 0.31 [0.24, 0.87]

Sonejietal. 2016 5453 1807 20 52.32 1918 20 4.3% 012 [0.50,0.74]

Subtotal (95% CI) 116 116 24.6% 0.02 [-0.24, 0.28] ~al

Heterageneity: Tau®=0.00; Chit= 224, df= 3 {F=0.452); F= 0%
Testfor overall effect: Z=0.14 (F = 0.89)

1.2.3 Postoperative month 2

Akkaya etal. 2017 2325 533 19 21.41 433 15 21% 0.37 [0.35,1.089]
Hazra etal. 2016 3216 4.08 25 30.88 4 25 53% 0.31 [0.24, 0.87]
Subtotal (95% CI) 40 40 8.4% 0.33 [-0.11, 0.77] —ri——

Heterogeneity: Tau®*=0.00; Chi*= 001, df=1 (FP=0490); F=0%
Testfor overall effect: Z=148F =014}

1.2.4 Postoperative month 3

Akkaya etal 2017 3378 1008 15 3512 11.45 15 3.2% -0.12 [F0.84, 0.60]

Evansaetal 2015 322 154 56 33 146 46 11.9% -0.05 [F0.42,0.33] - T
Jeeetal 2014 1.3 389 55 2083 344 85 11.7% 0.21 017, 0.58] -
Parketal 2013 2881 41 55 2883 444 85 11.7% -0.03 [-0.40, 0.35] -
Subtotal (95% CI) 181 181 38.5% 0.03 [-0.18, 0.24] .

Heterogeneity: Tau*=0.00; Chi*=1.31,df =3 (F=073); F=0%
Testfor overall effect Z=028(F=0.78)

Total (95% CI) 472 472 100.0% 0.13 [-0.00, 0.25] -
Heterageneity: Tau®=0.00; Chi*= 865, df=12 (P =073, F=0%
Testfor overall effect: Z=1.94 (F = 0.08)

Testfor subgroup differences: Chif= 419, df= 3 (F=0.24), F=284%

T 1

- 05 0 05
Favors US Favors FL

Figure 3. Postoperative functional outcomes (ODI index) [3,6,16-19].

3.2.3. Postoperative Complications

Both approaches appear to have comparable safety in terms of postoperative vaso-
vagal reaction, transient headache, and facial flushing (Figure 4). Combined together as
postoperative complications, the overall model does not favor either US-guided or FL-
guided injections at a risk ratio with a 95% CI of 0.99 [0.49, 1.99], p = 0.97, I = 0%. We
should note that two studies (Hazra (2016) [16] and Soneji (2016) [17]) did not observe any
postoperative adverse events.
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us FL Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.3.1 Vasovagal reaction
Akkaya etal 2017 1 15 i 14 81% 3.001[0.13, 68.26]
Hazraetal 2016 1] 25 1] 25 Mot estimable
Farketal 2012 2 &0 3 g0 16.1% 0.67[0.12, 2.89] s
Saonejietal. 2016 I] 20 0 20 Mot estimable
Subtotal (95% CI) 120 120 21.2% 0.96 [0.21, 4.41] ——ati—
Total events 3 3

Heterogeneity: Tau®=0.00; Chi*= 068, df=1 (P=041), F=0%
Testfor overall effect: 2= 0.06 (P = 0.95)

1.3.2 Transient headache

Akkaya et al. 2017
Hazra etal 2016
Fark etal 2013
Sanejietal. 2016
Subtotal (95% CI)
Total events

Heterogeneity: Tau®=0.00; Chi*=080, df=1 (P=037), F=0%
Testfor overall effect: £=0.04 (P=0.97)

1.3.3 Facial Flushing
Akkaya et al. 2017
Evansaetal 2015
Hazra etal. 2016
Saonejietal. 2016
Subtotal (95% CI)
Total events

Heterogeneity: Tau®*=0.00; Chi*=043, df =1 (P=0481), F=0%
Testfor overall effect: £=0.03 (P =0.98)

Total (95% CI)
Total events

o 15 1 15 51% 0.33[0.01, 7.58]
i 25 0 24 Mot estimahle
2 B0 1 B0 B8.8% 2.00[0.19, 21.47]
I] 20 0 20 Mot estimahble

120 120 13.9% 1.04 [0.16, 6.87] —eeg———
2 z

2 14 1 15 9.4% 2.001[0.20,19.78]
7 a6 a a6 95.5% 0.88[0.34, 2.29] —i—
a 25 0 24 Mot estimahle
a 20 0 20 Mot estimahle

116 116 65.0% 0.99 [0.41, 2.36] il
g q

356 356 100.0% 0.99 [0.49, 1.99] P
14 14

Heterogeneity: Tau®= 0.00; Chi*=1.91, df= 5 (P = 0.86);, F=0% I 1 T

Testfor overall effect: Z=0.04 (P=0497)

0.m 01 10 100
Favors U3 Favors FL

Testfor subgroup differences: Chif= 000, df=2 (P =1.000, F=0%

Figure 4. Postoperative complications [3,6,16-18].

3.3. Assessment of Methodological Quality

Given the nature of the procedure, a certain degree of risk of bias was present due to
the lack of double blinding. This has seriously affected the methodological quality of the
studies. Based on the Cochrane risk of bias assessment, three studies had “some concerns”
about the risk of bias, and four had a “high” risk of bias (Table 2). Five outcomes were
assessed for quality (Table 3). Of them, one was of moderate quality, and four were of low
quality. Detailed assessment of the outcomes is provided in the Evidence profile table in
Supplemental Materials.

Table 2. Cochrane risk of bias.

Deviations from

Study Randomization the Intended Missing Measurement of Selection of the Overall Risk
Process I . Outcome Data the Outcome Reported Result of Bias
nterventions
Hazra et al., 2016 [16] Some concerns Low risk Low risk Low risk Low risk Some concerns
Soneji et al., 2016 [17] Some concerns Low risk Some concerns Low risk Low risk Some concerns
Park et al., 2013 [18] Some concerns Some concerns Some concerns Low risk Low risk High risk
Akkaya et al., 2017 [6] Some concerns Low risk Low risk Low risk Low risk Some concerns
Evansa et al., 2015 [3] Some concerns Some concerns Some concerns Low risk Low risk High risk
Jee et al., 2013 [2] Some concerns Some concerns Some concerns Low risk Low risk High risk
Yang et al., 2016 [7] Some concerns Some concerns Some concerns Low risk Low risk High risk
Jee et al., 2014 [19] Some concerns Low risk Low risk Low risk Low risk Some concerns
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Table 3. Summary of findings. CI, confidence interval.

Outcomes Risk Ratio 95% CII - ptC U 0% Gl Participants (Studies) _ Evidence (GRADE)
Postoperative pain at 1 month - 0.10 [-0.12, 0.33] 312 (5) ©d®® High
Po(sot%ﬁifi‘;‘; g‘fic;‘fr‘iﬁty ; 0.02 [—0.24,0.28] 232 (4) @@®® High
Vasovagal reaction 0.96 [0.21, 4.41] - 240 (4) G®PBO Moderate ?
Transient headache 1.04 [0.16, 6.87] - 240 (4) BPBO Moderate @
Facial flushing 0.99 [0.41, 2.36] - 232 (4) PBPBO Moderate @

2 Due to inconsistency (wide variance of point estimates) and imprecision (wide confidence interval).

4. Discussion

In this SR&MA, we included eight RCTs, which compared ultrasound-guided and
fluoroscopy-guided techniques for back pain management. Using ultrasound guidance
alongside fluoroscopic confirmation could be a viable option for visual guidance for various
interventions in back pain management [2,3,6,7,16-19].

There were no significant differences found in the reduction in back pain at one week,
one month, and three months following the interventions. Regarding postoperative func-
tional outcomes assessed by the ODI and NDJ, there was no difference between the two
groups at one month, and three months after intervention. The rate of postoperative com-
plications also did not differ significantly between US-guided and FL-guided techniques.
Subgroup analysis that was performed for various outcomes (vasovagal reaction, transient
headache, facial flushing) did not differ significantly between US-guided and FL-guided
injections [2,3,6,7,16—-19].

A recent meta-analysis compared US-guided injections (intervention group) with
fluoroscopy- or computer tomography (CT)-guided injections (control group) in the spinal
nerves [20]. Similar to our results, the study found no difference in pain scores between the
US- and FL/CT-guided interventions for low back pain. Likewise, the authors concluded
that there was “little to no difference” in ODI/NDI scores between the US- and FL-/CT-
guided injections, similar to our results. The authors then conducted a sub-group analysis,
separating the cervical group from the lumbar one. In this sub-group analysis, both pain and
functional disability scores remained comparable between the US and the FL/CT groups.
Regarding adverse events, the authors suggest that both major and minor complications
seem to be less likely to occur in the US-guided intervention group. Moreover, US-guided
injections were associated with a lower duration of the procedure [20].

Observational studies showed similar results. Thus, a study comparing “US-guided
selective nerve root block”, “FL-guided interlaminar epidural block”, and “FL-guided
transforaminal epidural block” for the management of radicular pain in the lower cervical
spine demonstrated that although both the VNS and “neck disability index” improved
within the groups at 1, 3, and 6 months in all groups, there were no differences between the
groups. Moreover, the treatment success rate at all time points was not significantly different
between the groups. US-guided interventions required a shorter duration and resulted in
similar pain reduction and functional improvement. Thus, a US-guided technique might
be considered for epidural steroid injection [21].

Similar results were yielded by another retrospective observational study of 54 patients
with facet syndrome [22]. One month post-procedure, the pain scores improved within
the group but did not differ between the US- and FL-guided groups. There were no major
complications in either group. The researchers suggest using US guidance as a safe and
equally effective substitute for FL-guided injections to avoid excessive irradiation.

Another observational study comparing US- and FL-guided caudal epidural steroid
injection for the management of unilateral lower lumbar radicular pain also yielded similar
results [23]. The study showed that the Oswestry Disability Index and verbal numeric scale
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scores improved at 3, 6, and 12 months in both groups. There were no statistical differences
in verbal numeric scale scores and Oswestry Disability Index and the proportion of patients
with successful treatment between the groups. Therefore, US-guided techniques might be
considered in the management of lower lumbar radicular pain.

Ultrasound could be used with fluoroscopic confirmation for guiding sacroiliac joint
injections in patients with SIJ arthritis. Both FL-guided and US-guided approaches for
different methods of SIJ innervation are well described in a review article [24]. Even if
fluoroscopic guidance is used for confirmation, the radiation exposure could be significantly
reduced. There were no notable differences in accuracy, efficacy, or patient satisfaction
between these two image-guided techniques for SIJ injections [19]. The rates of intra-
articular injection during US-guided SIJ injections have shown significant variability in
prior studies. Three previous studies have reported higher rates of intra-articular injection,
ranging from 76.7% to 87.3% [25-27]. However, it is worth noting that the first two studies
included relatively younger patients with inflammatory SIJ arthropathy and excluded
patients with osteoarthritis of the SIJ. In contrast, our study included patients with an
average age of 48.9 years who were more likely to have osteoarthritic changes. Accessing
the intra-articular portion of the joint becomes more challenging in osteoarthritic conditions
compared to inflammatory pathologies like rheumatoid arthritis or ankylosing spondylitis.
Furthermore, a meta-analysis found that the risk difference of incorrect needle placement
of US-guided injections was 13% for facet joint injections, as confirmed by CT, and 11% for
lumbar medial branch blocks, as confirmed by FL guidance [28]. The quality of evidence,
however, was from very low to low. Therefore, differences in intra-articular injection rates
may be attributed to patient characteristics and pathologies studied.

Hartung et al. found that using ultrasound for sacroiliac joint (SIJ) arthropathy resulted
in 40% of injections being administered intraarticularly [29]. Remarkably, both intra-
and periarticular injections provided similar pain relief benefits. Other studies have also
suggested that periarticular injections could have comparable outcomes to intraarticular
injections. In Hartung’s study, the reduction in pain scores 1 month after the procedure
(25% to 33%) was similar to that reported in the study by Soneji [17,27]. Overall, the success
rate of intraarticular injections using the US for SIJ injections falls within the wide range
reported in the literature, and the results may vary depending on the characteristics of the
study populations.

Given the absence of radiation exposure, lower cost, and convenience, US-guided
techniques might be preferred for patients, doctors, and healthcare in general. The current
guidelines for interventional management of chronic back pain recommend using fluo-
roscopic guidance. A qualitative review of studies on intradiscal injections for low back
pain management revealed that almost 62% of the studies on the topic had performed the
procedure under FL guidance (with or without comparators), and another 8.8% combine
the FL and CT approaches [30]. Another narrative review described US, FL, and CT visu-
alization in chronic pain interventions [31]. Despite the firm adherence to the guidelines
on the use of fluoroscopy-guided procedures, adverse events have been reported. The
complications may occur if the needle penetrates vitally important vessels, such as the
anterior spinal artery [6,7,18]. Ultrasound guidance allows better visualization of vessels,
nerves, soft tissue, and the spread of the anesthetic solution around the nerve. Therefore, it
might provide an operator with better identification of vulnerable anatomical structures,
while the value of fluoroscopy in identifying such anatomical structures is limited [2]. The
advantages of the US are that it is radiation-free, easy to use, and it can offer continuous
real-time needle guidance. US guidance also provides clear images of the sacral hiatus and
detects the anatomic variations of the sacrum and sacral hiatus. In the previous studies,
approximately 2% to 3% of the studied population had closed sacral canals, thus making
“cervical epidural steroid injection” impossible for these subjects [17]. US-guided caudal
epidural steroid injections” have been reported to achieve a 100% success rate in identifying
the sacral hiatus in patients with radicular pain.
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This systematic review has several major limitations. Only eight studies with relatively
small sample sizes matched the inclusion criteria and were meta-analyzed. There was
heterogeneity in the patient populations, the anatomical localization of back pain, and
interventions included in the meta-analysis. Additionally, some studies employed an
“ultrasound-assisted” approach, where ultrasound was used to locate the injection site,
while others utilized dynamic guidance during the procedure. Given the nature of the
intervention, there was a serious risk of bias in the included studies due to the lack of
blinding. Finally, while there was no statistically significant difference observed between
the two techniques, none of the included studies had a no-intervention arm to assess the
effectiveness of the injections for low back pain. Despite these limitations, there was no
evidence that US-guided techniques were overall inferior to FL-guided techniques. The
advantages of the US include relative simplicity of performance, absence of radiological
exposure, and continuous real-time needle guidance. However, while ultrasound guidance
can decrease radiation exposure and enhance the visualization of soft tissues and vascular
structures, there are a few disadvantages [29]. The quality of images can be impacted by
patient morphology and injection location, and the technique is not effective for visualizing
axial or spine structures where bone produces an acoustic shadow [32].

5. Conclusions

There were no significant differences between US-guided and FL-guided injections
in reducing back pain intensity and complications at one month and three months after
intervention. However, the model tends to favor the FL-guided injections over the US-
guided injections in terms of functionality. Given the limitations of this meta-analysis,
future RCTs are warranted to establish solid evidence on relevant outcomes for using these
two techniques for back pain management.
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