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Abstract: Neck and back pain is increasingly prevalent, and has increased exponentially in recent
years. As more resources are dedicated to the diagnosis of pain conditions, it is increasingly im-
portant that the diagnostic techniques used are as precise and accurate as possible. Traditional
diagnostic methods rely heavily upon patient history and physical examination to determine the
most appropriate treatments and/or imaging studies. Though traditional means of diagnosis remain
a necessity, in many cases, correlation with positive or negative responses to injections may further
enhance diagnostic specificity, and improve outcomes by preventing unnecessary treatments or
surgeries. This narrative review aims to present the most recent literature describing the diagnostic
validity of precision injections, as well as their impact on surgical planning and outcomes. Diagnostic
injections are discussed in terms of facet arthropathy, lumbar radiculopathy, discogenic pain and
discography, and sacroiliac joint dysfunction. There is a growing body of evidence supporting the
use of diagnostic local anesthetic injections or nerve blocks to aid in diagnosis. Spinal injections add
valuable objective information that can potentially improve diagnostic precision, guide treatment
strategies, and aid in patient selection for invasive surgical interventions.

Keywords: diagnostics; injections; spinal disorders; facet arthropathy; lumbar radiculopathy; disco-
genic pain; discography; sacroiliac joint dysfunction

1. Introduction

Neck and back pain is an increasingly prevalent condition in our aging population, and
contributes significantly to global socioeconomic and healthcare burdens [1]. According to
the Global Spine Care Initiative of 2015, low back and neck pain prevalence and disability
has increased exponentially in the last 25 years, with over half a billion patients reporting
symptoms of low back pain (LBP), and a third of a billion reporting neck pain lasting for at
least 3 months [2]. Although patients are generally living longer thanks to advancements
in modern medicine, morbidity and functional disability associated with age-associated
spinal degeneration have also risen concomitantly, affecting an estimated 32–68% of the
general population above age 65 [3]. With this increase in spinal pathology has come a
concomitant increase in healthcare costs associated with advanced diagnostic imaging and
treatments [4,5].

The economic burden related to back pain includes both direct and indirect costs.
Direct cost variables include primary care visits, specialist visits, emergency room visits,
hospitalizations, and physical therapy visits. A 2017 survey conducted in Spain consisting
of 23,089 respondents estimated a cost of 2280.42 million euros related to direct care of
LBP [6]. Indirect costs can be defined by loss of productivity, often represented in years
lived with disability (YLD). According to the Global Burden of Disease study in 2015, LBP
was the number one cause of global disability, responsible for 60.1 million YLD, which
represents a 54% increase from 1990 [1]. As more resources are dedicated to the diagnosis
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of pain conditions, it is increasingly important that the diagnostic techniques used are as
precise and accurate as possible.

Traditional diagnostic methods rely heavily upon patient history and physical exam-
ination to determine the most appropriate and cost-effective treatment and/or imaging
studies. Though plain radiographs are utilized to rule out or detect bony abnormalities,
such as fractures, advanced imaging techniques, such as magnetic resonance imaging
(MRI) and computed tomography (CT), are often obtained to gain greater detail and further
evaluate the surrounding neural structures and soft tissues. Although advanced imag-
ing generally affords a high level of sensitivity for structural deformities, the diagnostic
specificity and clinical correlation in degenerative conditions have been called into ques-
tion [7–9]. Imaging sophistication and classification is undoubtedly improving [10], but
there remains a lack of precision and positive predictive value when utilizing these tradi-
tional diagnostic methods. Imaging studies may highlight several structural abnormalities
that may not correlate with pain. Alternatively, a patient may describe spinal pain without
an evident source readily identifiable on imaging studies. For these reasons, physicians
have sought additional methods for strengthening diagnostic accuracy.

There exists a wide variety of pain generators within the spine and surrounding
structures. Identification of these pain generators is imperative in avoiding unnecessary
treatments that may expose the patient to risks and cost without the intended benefit.
Though traditional means of diagnosis remain a necessity, in many cases, correlation with
positive or negative responses to injections may further enhance diagnostic specificity, and
improve healthcare outcomes by preventing unnecessary treatments or surgeries. Here,
we aim to review the most recent literature describing the diagnostic validity of precision
injections, as well as their impact on surgical planning and outcomes.

2. Methods

A search was conducted in PubMed using a combination of the following relevant
search terms and key phrases: diagnostic; predictive value; physical exam; injection;
block; selective nerve root; transforaminal epidural; neuroforaminal stenosis; lateral recess
stenosis; radiculopathy; facet arthropathy; facet joint; medial branch block; discography;
discogenic pain; sacroiliitis; and sacroiliac dysfunction. Article titles and abstracts were
screened for relevance. Reference lists of selected articles were searched for additional
relevant literature for inclusion. Results are summarized and presented narratively below.

3. Facet Arthropathy

The zygapophyseal or facet joints are the bilateral contact points between individual
spinal vertebrae that allow the body to bend, twist, flex, and extend, while also providing
stability by preventing excessive movements. Over time, these joints begin to degenerate,
and may become significant sources of pain. Facet arthropathy can present in any spinal
segment excluding the sacrum, but is most commonly found in the lumbar spinal segments,
followed by the cervical spine. Patients with facet arthropathy classically present with chief
complaints of non-radiating back or neck pain worsened by axial extension and rotation or
prolonged standing. Though undoubtedly a necessary component of evaluation, patient
history and physical examination lack robust diagnostic precision.

Studies have historically demonstrated inconsistent validity and reliability when us-
ing history and physical examination alone for the diagnosis of facet arthropathy [6,7].
For example, a collection of physical exam findings known as Revel’s criteria, including
intersegmental instability, tenderness to palpation over the facet joint, and exacerbation
with standing flexion, extension, and/or rotation, had initially shown significant predictive
value, but ultimately could not be validated in later studies [11,12]. In a 2018 meta-analysis
of seven studies (n = 463), Usunier et al. found that intersegmental instability tests along
with mechanical palpation have a relatively high diagnostic specificity (0.91 and 0.88,
respectively) and sensitivity (0.74 and 0.61, respectively). However, the authors admit
these findings were highly dependent on individual clinician experience and skill, impair-
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ing generalizability [13]. In an even larger systematic review performed by Maas et al.,
129 different combinations of patient history and physical examination were evaluated, but
failed to find conclusive evidence to support their diagnostic accuracy in facet arthropathy,
demonstrating the importance of additional diagnostic techniques [14].

The initial surgical evaluation of back pain almost always includes diagnostic imaging,
such as plain films, CT, and/or MRI. When facet arthrosis is detected, the Weishaupt scale
is commonly used to grade degenerative severity (0 to 3 scale) based on the degree of facet
joint narrowing, sclerosis, hypertrophy, and osteophyte formation [15]. Although this scale
has been used as a means of surgical planning by identifying specific levels of pathology
and disease severity, validity studies have reported conflicting results at best [16–18]. One
retrospective observational study by Park et al. included 165 patients, and demonstrated
an association between facet angle difference (facet tropism) at L3–4 and disc height at
L5–S1 to positive medial branch block response; however, the study’s power is limited and,
thus, requires further investigation [19].

In the absence of a consistent diagnostic gold standard, paravertebral facet joint
injections and medial branch nerve blocks (MBB) with local anesthetic infiltration have
emerged as potential tools for facet arthropathy diagnosis and treatment. Each facet joint
has two nerve root contributions originating from above and below the joint (e.g., facet
arthropathy at level L4–5 requires blockade of the L3 and L4 root medial branches). Thus,
if the facet joint capsule itself is not targeted, then blockade of both medial branches must
be performed to fully anesthetize the target joint. These blocks are traditionally performed
under fluoroscopic guidance, but recent studies have proven ultrasound-guided techniques
to be equally safe and efficacious in both cervical and lumbar regions [20–22].

The ultrasound-guided technique for blockade of the L5–S1 medial branch on the
right is as described: initially place the ultrasound probe in the longitudinal axis along
the midline lumbar spine, and identify the hyper echoic L5 spinous process and the
median S1 crest. The L4–5 and L5–S1 facet joints and S1 dorsal foramen can be found by
sliding the transducer approximately 1–2 cm laterally. The L4 and L5 transverse processes
can be found by sliding approximately 1 cm further. After marking these landmarks,
the probe is then rotated to a transverse orientation, and directed over the S1 superior
articulating process (SAP), with the L5 transverse process identified laterally. Using an in-
plane technique, a needle is advanced at 45 degrees to the skin in a lateral to medial direction
until bony contact is made at the junction of the SAP and L5 transverse process. Aspiration
is performed to rule out intravascular needle placement, and local anesthetic is deposited.
The implementation of this ultrasound-guided technique may greatly improve accessibility
by decreasing time and cost associated with the procedure, while also eliminating radiation
exposure to both the patient and providers. However, these techniques are new and require
further investigation before widespread implementation can be recommended.

The response to these particular diagnostic injections is often used as predictors of
outcome after nerve rhizotomy or radiofrequency ablation (RFA). In 2018, Cohen et al.
demonstrated in the Facet Treatment Study that, when compared with a placebo control,
both the medial branch block and facet joint injection provide significantly better prognostic
value before radiofrequency nerve ablation [23]. The block to radiofrequency technique,
however, has proven to have several uncontrolled factors that may limit generalizability of
existing studies, including local anesthetic volume, number of sequential diagnostic blocks,
interpretation of block success (improvement percentage), and RFA needle orientation, thus,
creating a wide range of reported sensitivities and specificities. For example, a cadaveric
study by Wahezi et al. demonstrated that small differences in cervical and lumbar MBB
injectate volume had significant implications in study results [24,25]. When 0.5 mL and
0.25 mL were compared, both resulted in reliable blockade of the medial branches, but
dorsal spread to the superficial muscles and distal nerves was significantly increased in the
0.5 mL cohort, blocking additional potential pain generators, and diminishing its specificity.
Because of the non-standardized nature of the MBB technique, and conflicting results in
existing data, systematic reviews are required to make any conclusions.
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In a large comprehensive systematic review, Schneider et al. examined several similar
technical limitations of the diagnostic MBB [26]. First, the single block technique was found
to have an unacceptably high false positive rate of 38–45%. The addition of the “dual
comparative block”, or second diagnostic block utilizing local anesthetic with differing
duration of action, greatly increased the likelihood of capturing true positives. For example,
one study demonstrated a robust 88% specificity, but a diminished sensitivity of 54% when
analgesic duration was considered in this comparative block [27]. Second, injection into
the facet joints themselves adds no more predictive value than sham treatments. Third, the
threshold for a positive block response is still largely variable within the literature, with
50–100% analgesic relief set as the standard for positive response. Diagnostic accuracy does
increase with increasing thresholds for positive response, but sensitivity suffers in turn.
Fourth, a larger RFA needle gauge (16–18 g vs. 20–22 g) and placement in parallel fashion
was found to be more effective than the perpendicular orientation in relation to the nerve.
Finally, the pooled data showed that the group utilizing the single injection technique had
a 57% chance of obtaining greater than 50% relief at six months, whereas the double block
technique group had a 58% chance of obtaining greater than 50% relief, a 36% chance of
obtaining 80% relief, and a 23% chance of obtaining 100% relief at six months, suggesting
similar rates of success, but a much greater degree of relief in the double block group.
Furthermore, the most rigorous study examined showed a 56% chance of 100% relief at six
months when complete relief was reported with two diagnostic MBBs [28].

4. Differentiating Lumbar Radiculopathy

Neural foraminal stenosis causing nerve root compression is one of the most common
causes of low back pain and disability in the United States, with one study reporting a
73% prevalence in patients presenting with low back and leg pain [29]. Compression of
dorsal nerve roots in the neural foraminal space can be caused by multiple deformities,
including facet joint hypertrophy, osteophyte projections, disc herniation, spondylolisthesis,
or, most commonly, disc degeneration. Surgical interventions for lumbar and cervical
radiculopathy entail some form of mechanical decompression of the injured nerves. The
determination of specific interventions, however, depends on the pathophysiology of
disease. Discectomies or laminotomies may be performed for symptomatic herniated discs,
whereas fusion may be performed when degenerative disc disease or spondylolisthesis is
the cause of neural irritation and radicular symptoms. Successful spinal surgical outcomes
rely heavily upon precise diagnosis of affected vertebral levels.

Pain distribution patterns, motor testing, and provocative physical tests allow for
identification of laterality and even specific levels of injury. Diagnostic imaging then serves
to further elucidate underlying pathology, and offers grading scales to assess severity
of disease. A retrospective study performed by Tecer et al. included 57 symptomatic
patient MRIs, and found that high intensity zones (HIZ) on T2 imaging, indicative of
annular tears, had significant correlation with the response to transforaminal epidural
steroid injection (TFESI) at week 2, and patients with visible nerve root impingement
had significant improvement at 3 months post-treatment [30]. Ekedahl et al. also found
high-grade subarticular nerve compression on MRI was associated with significant one-
year improvement in visual analog scale (VAS) and Oswestry Disability Index (ODI)
scores after TFESI [31]. However, definitive correlation between history and physical
examination/imaging findings and presence of disease at specific vertebral levels remains
to be seen [32–34]. Thus, history, physical examination, and diagnostic imaging have
significant limitations, even as they remain the cornerstones of the initial evaluation of
patients with radicular pain. Additional diagnostic testing is, therefore, necessary to
increase specificity before committing to invasive and costly surgical interventions.

Despite its widespread use, the diagnostic accuracy of selective nerve root blocks
(SNRB) depends on several factors, including variable technique, composition/volume
of injectate, and needle position. Due to these variables, the reported accuracy of the test
has ranged widely from 31–100% [35]. In a prospective study comparing 1 vs. 4 mL of
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contrast injectate, Kang et al. demonstrated an intraforaminal spreading pattern to adjacent
levels in 24.5% of the 4 mL injectate group vs. 0% in the 1 mL injectate group, thereby
suggesting smaller injectate volumes to enhance precision [36]. In a more recent study,
however, Makkar et al. demonstrated increasing specificity with increasingly less injectate
volumes: 78.8% selectivity after injecting 0.2 mL of dye; 33.3% after injecting 0.6 mL; and
6% after injecting 1.2 mL [37]. Another prospective study found that lateral intervertebral
foramen needle tip position also improves specificity, demonstrating a lower incidence of
epidural spread to adjacent nerve roots [38]. Despite its technical variables, SNRB has a
growing body of evidence that supports its use in the surgical planning phase.

SNRB has been closely studied in the surgical literature as well. In a randomized
controlled trial evaluating 99 patients undergoing selective endoscopic microdiscectomy,
Li et al. reported significantly improved VAS pain scores and ODI scores, and higher
rates of surgical success (89.6% vs. 68.6% excellent/good response via McNab clinical out-
come scoring) in patients diagnosed via SNRB immediately prior to microdiscectomy [39].
Yue et al. found similar results when evaluating 101 patients undergoing surgical decom-
pression, reporting good outcomes in 91% of patients with a positive SNRB vs. 60% with a
negative SNRB [40]. Finally, in a large, 9-year retrospective study including 1839 patients,
Lewandrowski et al. found that selective nerve blocks offer high predictive diagnostic value
for improved clinical outcome after lumbar endoscopic transforaminal decompression, with
a calculated 90.17% sensitivity, 70.79% specificity, and 98.38% positive predictive value [41].
Although positive findings have been reported, it is important to note that the consensus
data remains mixed and inconclusive. In a systematic review comparing 341 patients across
six studies evaluating patient selection for lumbar decompression surgery using SNRBs,
Beynon et al. found a pooled sensitivity of 90.9% [83.1 to 95.3] and specificity of 22.0% [7.4
to 49.9] when using successful surgical outcome as the reference [42].

Although SNRBs have proven diagnostic and therapeutic value, there are several
procedural risks and complications involved, including drug reactions, epidural bleeding
or infection, nerve damage, and post-dural puncture headache. One literature review
reported a 2.4–9.6% incidence of minor complications, including a temporary increase in
pain, dural puncture headache, or vasovagal reactions [43]. Major complications include
any event causing permanent neurologic injury, including spinal abscess, spinal cord
infarct, or epidural hematoma. These are exceedingly rare, with evidence reported in case
reports and closed claims databases. From 2009 to 2013, 16 patients experienced spinal
cord infarcts, nine patients experienced epidural hematoma, and nine patients experienced
soft-tissue infection [44]. Furthermore, particular awareness of critical adjacent vascular
structures, such as the vertebral arteries and great radicular arteries, should be noted in
the cervical and lumbar transforaminal approaches, respectively. Contrast use is therefore
recommended to rule out intravascular uptake. Although arterial injury and spasm has
been theorized as a potential ischemia-inducing mechanism, intravascular injection is also
feared, especially when particulate steroids are used, since severe neurologic complications,
including stroke or paralysis, have been linked to its use. Because of these risks, the use of
ultrasound guidance with real-time tissue and needle tip visualization has emerged as a
potentially advantageous technique. Jang et al. describes the ultrasound-guided cervical
SNRB technique at the C7 nerve root as follows [45]. First, the ultrasound probe is placed
in a transverse orientation, and C5–7 nerve roots are identified, using the C7 transverse
process as a reference point. The optimal image of the nerve root, radicular artery, and
other surrounding vessels are obtained using probe manipulation and color Doppler. Then,
the 25-gauge needle is inserted using an in-plane technique in the posterior to anterior
direction until the needle tip lies dorsal to the C7 nerve root. The injectate solution is
inserted after confirmation of extravascular placement via negative pressure aspiration.
Recent studies validate this ultrasound-guided technique as an effective alternative in both
the cervical and lumbar spine, which may reduce not only procedural time and radiation
exposure, but, more importantly, intravascular puncture incidence [45–48]. Although many
studies support its non-inferiority, intravascular infiltration cannot be ruled out in the
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sonographic view. Two studies comparing the rate of vascular uptake in fluoroscopic vs.
ultrasound-guided cervical transforaminal epidural steroid injections found no difference
between the two techniques [49,50]. A narrative review by Ehsanian et al. therefore
suggests a combination of initial ultrasound guidance with fluoroscopic confirmation to
minimize the adverse effects and shortcomings of either singular technique [51]. The
optimal technique has yet to be elucidated, and currently requires additional adequately
powered superiority studies.

5. Discography

Discography uses image guidance to direct an injection of contrast material into the
center of one or more spinal discs to help identify the source of back pain. Provocative
discography is a highly specific test in which pressurization of a disc is performed in order
to elicit a painful response and, thus, identify the source of the patient’s back pain. It can
also be used to help guide the treatment of abnormal intervertebral discs. A non-painful
discogram usually rules out the need for surgical intervention. Throughout the years, the
use and diagnostic value of discography has been called into question, as non-invasive
imaging techniques have been developed to help identify disc pathologies. One such
imaging technique would include the use of the MRI T2 HIZ for the identification of
abnormal disc morphology. A 2017 meta-analysis suggested a strong correlation between
the HIZ on a T2-weighted MRI and positive outcomes of discography [52]. Developed by
the International Association for the Study of Pain (IASP)/Spine Intervention Society (SIS),
clear guidelines currently exist to ensure appropriate execution of provocative discogra-
phy without potentially negative long-term side effects. These include determining the
appropriate level of pain response (greater than 8/10), volume of contrast injected, and
level of disc pressurization, among other criteria. When adhering to these standards for
appropriate technique and data interpretation, provocative discography is associated with
a very low false positive rate. This was demonstrated by a meta-analysis that found a
low false positive rate of 9.3% per patient and 6.0% per disc when applying the SIS/IASP
technique and criteria [53].

Issues with utilizing imaging alone to guide surgical correction arise when anatomical
disruption does not always correlate with symptomatic pain, and, likewise, when the lack
of disruption does not equate to lack of pain. This is common in patients with back pain,
and may lead to overtreatment or undertreatment, significantly obscuring which patients
may benefit from surgical intervention. It can be argued that imaging alone is not sufficient
for identifying a pathogenic intervertebral disc [54].

With regards to the use of discography and its purpose for surgical planning, it has
been found that discography has a large impact on patient selection. Xi et al. demonstrated
that the use of provocative discography in conjunction with CT scanning provided a
useful way to appropriately and accurately identify patients who would be good lumbar
fusion surgical candidates, specifically patients who had concordant discogenic pain with
annular tears on discography and CT, respectively [54]. Of the 43 patients with a mean
age of 48.8 presenting with refractory low back pain, 18 qualified for and underwent
interbody arthrodesis, with levels ranging from L3 to S1. The 18 patients who underwent
the procedure met certain criteria, including concordant pain on discography with annular
tears on CT, annular tears present at one or two contiguous intervertebral levels, and at least
one negative control disc (negative discography/CT). Patient outcomes were evaluated
using post-procedure VAS and ODI scales, as well as SF-36 (mental and physical quality
of life components), with a median follow time of 18 months. Most notably, VAS and
ODI scores significantly improved from preoperative baseline at 2 weeks, 6 months, and
≥12 months post-surgery in patients selected using discography with CT scan. Xi and
team specifically state that provocative discography with subsequent CT scanning tended
to provide a basis for the justification of lumbar fusion surgery in patients with low back
pain of annular damage etiology. Ultimately, this study concludes there is an association
between discogenic pain and annular tears as determined by provocative discography
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with post-procedure CT scanning. It is worth noting this study delineates advantages of
obtaining a CT scan as opposed to fluoroscopy alone, as CT imaging provides a superior
resolution to clearly visualize dye leakage. Further, these patients experience symptomatic
and functional improvement when managed surgically [54].

An extensive 2018 systematic review suggested stronger evidence exists for the use of
discography as a diagnostic tool for the identification of lumbar discogenic pain. However,
evidence was weaker for the identification of cervical discogenic pain, and almost non-
existent for thoracic discogenic pain. This is due to significant internal inconsistency in the
lumbar spine, and extremely high internal inconsistency in the cervical discography [55].

Although the literature comparing ultrasound-guided vs. fluoroscopy-guided discog-
raphy is limited, a 2019 case study outlines clear and reasonable advantages of ultrasound-
guided discography over fluoroscopy guidance. These include better visualization of soft
tissue, such as blood vessels and neural structures, shorter procedure times, and decreased
radiation exposure to both the proceduralist and patient [56].

There has been growing concern regarding the safety of provocative discography.
Studies have suggested this procedure may cause serious adverse events, such as chronic
back pain and acceleration of disc degeneration, although evidence is conflicting [57,58]. A
2015 prospective 10-year matched cohort study has shown a correlation between provoca-
tive discography and disc surgery events, serious low back pain events, disability events,
and medical visits [57], although it is not without its limitations. For instance, study
subjects were selected from a pool of patients at greater risk for disc degeneration than
the overall population; thus, results may not be applicable to all patients undergoing the
procedure. Attrition is another important limitation of this study, as 40 of 150 patients were
lost to follow-up. A 2012 in vitro study using cultured human annulus cells found that
radiocontrast exposure may be a contributing factor to reduced proliferation, increased
cell death, and/or apoptosis after adjustments for osmolality [58]. This study certainly has
some weaknesses, for example, the three-dimensional in vitro environments may provide
higher local concentrations to cells at the injection site compared to in vivo, which may
factor into the study’s outcome. Although more studies need to be performed to assess
possible long-term complications of provocative discography, current evidence shows that
long-term risk of disc degeneration, disc disruption, and inferior clinical outcomes have
all been associated with over pressurization of the disc during discography rather than
provocative discography performed according to IASP/SIS standards [53]. Finally, a narra-
tive review by Migliore et al. describes different intradiscal injection techniques, including
guidance by fluoroscopy, CT, and CT plus fluoroscopy. Comparison of various efficacy
and safety outcomes found that results were not easily comparable due to differences in
highly variable procedural techniques, study designs, and a limited number of studies,
thus, warranting more research on the efficacy and safety of these procedures [59].

Although provocative discography may be regarded by some to be an outdated proce-
dure, it still serves a prominent diagnostic role in discogenic back pain. This is especially
true when structural abnormalities are present, with studies supporting its accuracy in
diagnosing lumbar pathologies. Discography has also been shown to be a useful tool for
surgical planning purposes. When used in conjunction with CT scanning, discography
has been shown to appropriately identify lumbar fusion surgical candidates confirmed by
evaluating outcomes. Although there is a lack of robust literature comparing ultrasound vs.
fluoroscopy-guided discography, multiple advantages of ultrasound utilization are clear.
When conforming to clearly specified standards and guidelines, discography proves to be
a safe and useful procedure for the appropriate identification of discogenic type pain, and
the selection of appropriate surgical candidates.

6. Sacroiliac Joint Dysfunction

The sacroiliac (SI) joint is a complex anatomical structure in its function, innervation,
and composition. The SI joint connects the spine to the pelvis, functioning in the movement
of the lower extremities, and playing a large role in the transmission of forces. It is



Diagnostics 2021, 11, 2311 8 of 12

composed of both synovial and cartilaginous portions, with the inferior portion being
synovial, and the superior functioning closer to a cartilaginous joint. The primary role of the
joint is to aid in stability. Joint motion occurs in multiple planes simultaneously, including
flexion/extension, rotation, and translation. Innervation of the joint is highly variable,
even differing from one side to the next on the same patient [60]. Fortin et al. established
innervation of the posterior joint and ligaments primarily originates at the S1–S3 dorsal
rami, with a contribution from L5 [61]. Although the innervation may be complex, it is
well established that SI joint pain can result from both intra- and extra-articular nociceptive
stimuli resulting from inflammation and instability.

Though low back pain is an incredibly well-documented pathology plaguing today’s
population, it is postulated that SI joint pain is drastically underdiagnosed. One review
estimated that the SI joint contributed to 10–38% of all cases of low back pain [60]. The
typical presentation of pain originating from the SI joint includes pain below the belt line
with radiation to the lower extremity and groin. It is noted that radiation of pain below the
knee is rare [62]. With such a large prevalence of SI joint pathology contributing to lower
back pain, this underdiagnosis may be a result of difficult diagnostic measures.

Current practice utilizes a combination of history, provocation maneuvers, imaging,
and diagnostic blockade to aid in the diagnosis of SI joint pain. Provocative SI joint
maneuvers include the distraction test, compression test, Gaenslen test, thigh thrust test,
sacral thrust test, and flexion, abduction, and external rotation (FABER) test. Three positive
provocative maneuvers are classically required to diagnose sacroiliitis. Telli et al. evaluated
the validity and reliability of provocation tests in the diagnosis of SI joint dysfunction
in 156 patients [63]. When evaluated individually, the FABER test demonstrated the
highest sensitivity at 91.4%, and the Gaenslen resulted in the lowest at 56.4%. Radiography,
CT, and MRI may all provide some insight into the underlying pathology of the SI joint;
however, they have demonstrated very low sensitivity as a solitary diagnostic modality [64].
Radiographic images of the joint are difficult to obtain and profile the joint well. CT of
the SI joint demonstrated a sensitivity of 57.5%, and specificity of 69% in patients with
SI joint-mediated pain [65]. MRI is the most sensitive imaging technique for identifying
sacroiliitis; however, it is still limited in identification of other SI joint pathologies [60]. The
International Association for the Study of Pain (IASP) proposed criteria for the diagnosis
of SI joint dysfunction, which included three positive provocative maneuvers, and relief
with local anesthetic injection into the SI joint or the lateral branch nerves [66].

The fluoroscopy-guided block is the gold standard for diagnostic or therapeutic
purposes when treating SI joint pain [65]. Generally, a 75% reduction of pain following a
diagnostic SI joint block is considered positive. If 50–75% of the pain is reduced, the SI joint
may be considered a major contributor to pain of the lower back. For patients that did well
with surgical fusion, the response to an intra-articular local anesthetic injection providing
75% relief or greater and lasting at least 30–60 min in duration was consistent. A study
by Polly et al. demonstrated a good response to SI joint fusion in patients with 50% relief
from diagnostic SI joint block, suggesting that those patients with a 50–74% reduction in
pain may find further intervention, such as SI joint fusion, beneficial [67]. A randomized
prospective trial evaluated lateral branch pulsed RFA vs. intra-articular steroid injections,
and found that pulsed RFA of the dorsal rami and the S1–3 lateral branch nerves provided
superior and durable relief with functional improvement [68].

As studies have shown, SI joint pain is an underdiagnosed source of chronic low
back pain. Though the diagnosis of SI joint pathology may be complex, a multimodal
approach, including a thorough history, physical exam provocation maneuvers, imaging,
and fluoroscopic-guided diagnostic blockade, provides a much more deliberate and focused
approach to treating SI joint pain.

7. Conclusions

The traditional approach to evaluating a patient with back and/or leg pain begins
with the patient history, physical examination, and thoughtful diagnostic imaging. Despite
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our best efforts, the etiology of pain may be difficult to ascertain via these traditional
methods. There is a growing body of evidence supporting the use of diagnostic local
anesthetic injections or nerve blocks to aid in diagnosis. Significant, but rare, complications
exist for each procedure, including bleeding, infection, and ischemia secondary to partic-
ulate embolism or vasospasm. Advanced techniques utilizing ultrasound or CT image
guidance in conjunction with fluoroscopy may reduce complications, but these techniques
are relatively new, and validation in large comparison studies is still needed.

A recent systematic review by Sebaaly et al. reported a failed back surgery syndrome
incidence of 10–40% in laminectomy patients, with significant causation attributed to poor
patient selection and incorrect level of intervention [69]. This highlights the importance
of an accurate diagnosis before exposing the patient to definitive surgeries with potential
long-term ramifications. Spinal injections add valuable objective information that can help
guide treatment strategies, and, furthermore, aid in patient selection when considering
risky and invasive surgical interventions. Several studies discussed above depict a positive
predictive trend for discography, selective nerve root blocks, and sacroiliac joint blocks, but
again, robust, high-quality, and adequately powered randomized controlled studies are
needed. In conclusion, there exists immense potential to improve diagnostic precision and
surgical selection in intractable back pain patients. With the objective data derived from
diagnostic injections, and close collaboration between the specialties of interventional pain
and spine surgery, better outcomes for patients are certainly possible.

Author Contributions: B.Y.K. contributed to the article conception, design, literature review, anal-
ysis, drafting of the work, substantial revisions, and has approved the submitted version. L.C.B.
contributed to analysis, drafting of the work, substantial revisions, and has approved the submitted
version. T.A.C. contributed to analysis, drafting of the work, substantial revisions, and has approved
the submitted version. T.W.K. contributed to article conception, design, substantial revisions, project
mentorship, and has approved the submitted version. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: The authors would like to acknowledge Walter Orr, MPH, Department of Anesthe-
siology, University of Kansas Medical Center, for technical writing assistance and manuscript preparation.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Hartvigsen, J.; Hancock, M.J.; Kongsted, A.; Louw, Q.; Ferreira, M.L.; Genevay, S.; Hoy, D.; Karppinen, J.; Pransky, G.;

Sieper, J.; et al. What low back pain is and why we need to pay attention. Lancet 2018, 391, 2356–2367. [CrossRef]
2. Hurwitz, E.L.; Randhawa, K.; Yu, H.; Cote, P.; Haldeman, S. The Global Spine Care Initiative: A summary of the global burden of

low back and neck pain studies. Eur. Spine J. 2018, 27, 796–801. [CrossRef]
3. Diebo, B.G.; Shah, N.V.; Boachie-Adjei, O.; Zhu, F.; Rothenfluh, D.A.; Paulino, C.B.; Schwab, F.J.; Lafage, V. Adult spinal deformity.

Lancet 2019, 394, 160–172. [CrossRef]
4. Lemmers, G.P.G.; van Lankveld, W.; Westert, G.P.; van der Wees, P.J.; Staal, J.B. Imaging versus no imaging for low back pain: A

systematic review, measuring costs, healthcare utilization and absence from work. Eur. Spine J. 2019, 28, 937–950. [CrossRef]
5. Yaman, A.; Kutsal, Y.G.; Karahan, S. Erratum: The use of diagnostic imaging in low back or leg pain. Turk. J. Phys. Med. Rehabil.

2018, 64, 89.
6. Alonso-Garcia, M.; Sarria-Santamera, A. The economic and social burden of low back pain in Spain: A national assessment of the

economic and social impact of low back pain in Spain. Spine 2020, 45, E1026–E1032. [CrossRef] [PubMed]
7. Kvistad, K.A.; Espeland, A. Diagnostic imaging in neck and low back pain. Tidsskr. Nor. Laegeforen. 2010, 130, 2256–2259.

[CrossRef]
8. Svanbergsson, G.; Ingvarsson, T.; Arnardottir, R.H. MRI for diagnosis of low back pain: Usability, association with symptoms and

influence on treatment. Laeknabladid 2017, 103, 17–22. [CrossRef]

http://doi.org/10.1016/S0140-6736(18)30480-X
http://doi.org/10.1007/s00586-017-5432-9
http://doi.org/10.1016/S0140-6736(19)31125-0
http://doi.org/10.1007/s00586-019-05918-1
http://doi.org/10.1097/BRS.0000000000003476
http://www.ncbi.nlm.nih.gov/pubmed/32706566
http://doi.org/10.4045/tidsskr.09.1032
http://doi.org/10.17992/lbl.2017.01.116


Diagnostics 2021, 11, 2311 10 of 12

9. Chou, R.; Fu, R.; Carrino, J.A.; Deyo, R.A. Imaging strategies for low-back pain: Systematic review and meta-analysis. Lancet
2009, 373, 463–472. [CrossRef]

10. Ketola, J.H.J.; Inkinen, S.I.; Karppinen, J.; Niinimaki, J.; Tervonen, O.; Nieminen, M.T. T2-weighted magnetic resonance imaging
texture as predictor of low back pain: A texture analysis-based classification pipeline to symptomatic and asymptomatic cases. J.
Orthop. Res. 2020, 39, 2428–2438. [CrossRef]

11. Laslett, M.; Oberg, B.; Aprill, C.N.; McDonald, B. Zygapophysial joint blocks in chronic low back pain: A test of Revel’s model as
a screening test. BMC Musculoskelet. Disord. 2004, 5, 43. [CrossRef] [PubMed]

12. Revel, M.; Poiraudeau, S.; Auleley, G.R.; Payan, C.; Denke, A.; Nguyen, M.; Chevrot, A.; Fermanian, J. Capacity of the clinical
picture to characterize low back pain relieved by facet joint anesthesia. Proposed criteria to identify patients with painful facet
joints. Spine 1998, 23, 1972–1976, discussion 1977. [CrossRef]

13. Usunier, K.; Hynes, M.; Schuster, J.M.; Suen, A.C.-J.; Sadi, J.; Walton, D. Clinical diagnostic tests versus medial branch blocks
for adults with persisting cervical zygapophyseal joint pain: A systematic review and meta-analysis. Physiother. Can. 2018, 70,
179–187. [CrossRef] [PubMed]

14. Maas, E.T.; Juch, J.N.; Ostelo, R.W.; Groeneweg, J.G.; Kallewaard, J.W.; Koes, B.W.; Verhagen, A.P.; Huygen, F.J.; van Tulder, M.W.
Systematic review of patient history and physical examination to diagnose chronic low back pain originating from the facet joints.
Eur. J. Pain 2017, 21, 403–414. [CrossRef]

15. Kettler, A.; Wilke, H.J. Review of existing grading systems for cervical or lumbar disc and facet joint degeneration. Eur. Spine J.
2006, 15, 705–718. [CrossRef]

16. Hofmann, U.K.; Keller, R.L.; Walter, C.; Mittag, F. Predictability of the effects of facet joint infiltration in the degenerate lumbar
spine when assessing MRI scans. J. Orthop. Surg. Res. 2017, 12, 180. [CrossRef] [PubMed]

17. Little, J.W.; Grieve, T.; Cantu, J.; Bogar, W.C.; Heiser, R.; Miley, H.; Cramer, G.D. Reliability of human lumbar facet joint
degeneration severity assessed by magnetic resonance imaging. J. Manip. Physiol. Ther. 2020, 43, 43–49. [CrossRef]

18. Lv, B.; Yuan, J.; Ding, H.; Wan, B.; Jiang, Q.; Luo, Y.; Xu, T.; Ji, P.; Zhao, Y.; Wang, L.; et al. Relationship between endplate defects,
modic change, disc degeneration, and facet joint degeneration in patients with low back pain. Biomed. Res. Int. 2019, 2019,
9369853. [CrossRef] [PubMed]

19. Park, J.Y.; Kim, D.H.; Seo, D.K.; Yoon, S.H.; Lee, G.; Lee, S.; Park, C.H.; Sim, S.E.; Suh, J.H. Predictors of response to a medial
branch block: MRI analysis of the lumbar spine. J. Clin. Med. 2019, 8, 538. [CrossRef]

20. Chen, C.P.C.; Chen, J.L.; Ho, C.S.; Suputtitada, A. Ultrasound-guided medial branch blocks, facet joint, and multifidus muscle
injections: How it is done under one needle insertion point! Anesthesiology 2020, 132, 582–583. [CrossRef]

21. Han, S.H.; Park, K.D.; Cho, K.R.; Park, Y. Ultrasound versus fluoroscopy-guided medial branch block for the treatment of lower
lumbar facet joint pain: A retrospective comparative study. Medicine 2017, 96, e6655. [CrossRef]

22. Park, K.D.; Lim, D.J.; Lee, W.Y.; Ahn, J.; Park, Y. Ultrasound versus fluoroscopy-guided cervical medial branch block for the
treatment of chronic cervical facet joint pain: A retrospective comparative study. Skeletal Radiol. 2017, 46, 81–91. [CrossRef]
[PubMed]

23. Cohen, S.P.; Doshi, T.L.; Constantinescu, O.C.; Zhao, Z.; Kurihara, C.; Larkin, T.M.; Griffith, S.R.; Jacobs, M.B.; Kroski, W.J.;
Dawson, T.C.; et al. Effectiveness of lumbar facet joint blocks and predictive value before radiofrequency denervation: The Facet
Treatment Study (FACTS), a randomized, controlled clinical trial. Anesthesiology 2018, 129, 517–535. [CrossRef]

24. Wahezi, S.E.; Molina, J.J.; Alexeev, E.; Georgy, J.S.; Haramati, N.; Erosa, S.A.; Shah, J.M.; Downie, S. Cervical medial branch block
volume dependent dispersion patterns as a predictor for ablation success: A cadaveric study. PM&R 2019, 11, 631–639. [CrossRef]

25. Wahezi, S.E.; Alexeev, E.; Georgy, J.S.; Haramati, N.; Erosa, S.A.; Shah, J.M.; Downie, S. Lumbar medial branch block volume-
dependent dispersion patterns as a predictor for ablation success: A cadaveric study. PM&R 2018, 10, 616–622. [CrossRef]

26. Schneider, B.J.; Doan, L.; Maes, M.K.; Martinez, K.R.; Cota, G.A.; Bogduk, N. Standards Division of the Spine Intervention Society.
Systematic review of the effectiveness of lumbar medial branch thermal radiofrequency neurotomy, stratified for diagnostic
methods and procedural technique. Pain Med. 2020, 21, 1122–1141. [CrossRef]

27. Barnsley, L.; Lord, S.; Bogduk, N. Comparative local anaesthetic blocks in the diagnosis of cervical zygapophysial joint pain. Pain
1993, 55, 99–106. [CrossRef]

28. MacVicar, J.; Borowczyk, J.M.; MacVicar, A.M.; Loughnan, B.M.; Bogduk, N. Lumbar medial branch radiofrequency neurotomy in
New Zealand. Pain Med. 2013, 14, 639–645. [CrossRef]

29. Siddiqui, A.H.; Rafique, M.Z.; Ahmad, M.N.; Usman, M.U. Role of magnetic resonance imaging in lumbar spondylosis. J. Coll.
Physicians Surg. Pak. 2005, 15, 396–399.

30. Tecer, D.; Adiguzel, E.; Tan, A.K.; Taskaynatan, M.A. Role of magnetic resonance imaging in ascertaining the success of
transforaminal epidural steroid injection for lumbar radicular pain. Pain Med. 2017, 18, 645–650. [CrossRef] [PubMed]

31. Ekedahl, H.; Jonsson, B.; Annertz, M.; Frobell, R.B. The 1-year results of lumbar transforaminal epidural steroid injection in
patients with chronic unilateral radicular pain: The relation to MRI findings and clinical features. Am. J. Phys. Med. Rehabil. 2017,
96, 654–662. [CrossRef]

32. Shakir, A.; Ma, V.; Mehta, B. Prediction of therapeutic response to cervical epidural steroid injection according to distribution of
radicular pain. Am. J. Phys. Med. Rehabil. 2011, 90, 917–922. [CrossRef]

http://doi.org/10.1016/S0140-6736(09)60172-0
http://doi.org/10.1002/jor.24973
http://doi.org/10.1186/1471-2474-5-43
http://www.ncbi.nlm.nih.gov/pubmed/15546487
http://doi.org/10.1097/00007632-199809150-00011
http://doi.org/10.3138/ptc.2016-89.mt
http://www.ncbi.nlm.nih.gov/pubmed/29755174
http://doi.org/10.1002/ejp.963
http://doi.org/10.1007/s00586-005-0954-y
http://doi.org/10.1186/s13018-017-0685-x
http://www.ncbi.nlm.nih.gov/pubmed/29162138
http://doi.org/10.1016/j.jmpt.2018.11.027
http://doi.org/10.1155/2019/9369853
http://www.ncbi.nlm.nih.gov/pubmed/31380443
http://doi.org/10.3390/jcm8040538
http://doi.org/10.1097/ALN.0000000000003043
http://doi.org/10.1097/MD.0000000000006655
http://doi.org/10.1007/s00256-016-2516-2
http://www.ncbi.nlm.nih.gov/pubmed/27815597
http://doi.org/10.1097/ALN.0000000000002274
http://doi.org/10.1016/j.pmrj.2018.10.003
http://doi.org/10.1016/j.pmrj.2017.11.011
http://doi.org/10.1093/pm/pnz349
http://doi.org/10.1016/0304-3959(93)90189-V
http://doi.org/10.1111/pme.12000
http://doi.org/10.1093/pm/pnw239
http://www.ncbi.nlm.nih.gov/pubmed/27694148
http://doi.org/10.1097/PHM.0000000000000730
http://doi.org/10.1097/PHM.0b013e31822de95b


Diagnostics 2021, 11, 2311 11 of 12

33. Ekedahl, H.; Jonsson, B.; Annertz, M.; Frobell, R.B. Three week results of transforaminal epidural steroid injection in patients
with chronic unilateral low back related leg pain: The relation to MRI findings and clinical features. J. Back Musculoskelet. Rehabil.
2016, 29, 693–702. [CrossRef]

34. Klessinger, S.; Freund, W.; Karpel-Massler, G.; Halatsch, M.E. Response to transforaminal injection of steroids and correlation to
mri findings in patients with cervical radicular pain or radiculopathy due to disc herniation or spondylosis. Pain Med. 2014, 15,
929–937. [CrossRef] [PubMed]

35. Yeom, J.S.; Lee, J.W.; Park, K.W.; Chang, B.S.; Lee, C.K.; Buchowski, J.M.; Riew, K.D. Value of diagnostic lumbar selective nerve
root block: A prospective controlled study. Am. J. Neuroradiol. 2008, 29, 1017–1023. [CrossRef] [PubMed]

36. Kang, S.; Yang, S.N.; Kim, S.H.; Byun, C.W.; Yoon, J.S. Ultrasound-guided cervical nerve root block: Does volume affect the
spreading pattern? Pain Med. 2016, 17, 1978–1984. [CrossRef]

37. Makkar, J.K.; Singh, N.P.; Rastogi, R. Volume of contrast and selectivity for lumbar transforaminal epidural steroid injection. Pain
Physician 2015, 18, 101–105.

38. Wolff, A.P.; Groen, G.J.; Wilder-Smith, O.H. Influence of needle position on lumbar segmental nerve root block selectivity. Reg.
Anesth. Pain Med. 2006, 31, 523–530. [CrossRef] [PubMed]

39. Li, K.; Zhang, T.; Gao, K.; Lv, C.L. The utility of diagnostic transforaminal epidural injection in selective percutaneous endoscopic
lumbar discectomy for multilevel disc herniation with monoradicular symptom: A prospective randomized control study. World
Neurosurg. 2019, 126, e619–e624. [CrossRef]

40. Yue, B.; Shen, F.; Ye, Z.F.; Wang, Z.H.; Yang, H.L.; Jiang, G.Q. Accurate location and minimally invasive treatment of lumbar
lateral recess stenosis with combined SNRB and PTED. J. Int. Med. Res. 2020, 48, 300060519884817. [CrossRef]

41. Lewandrowski, K.U. Successful outcome after outpatient transforaminal decompression for lumbar foraminal and lateral recess
stenosis: The positive predictive value of diagnostic epidural steroid injection. Clin. Neurol. Neurosurg. 2018, 173, 38–45.
[CrossRef]

42. Beynon, R.; Elwenspoek, M.M.C.; Sheppard, A.; Higgins, J.N.; Kolias, A.G.; Laing, R.J.; Whiting, P.; Hollingworth, W. The utility
of diagnostic selective nerve root blocks in the management of patients with lumbar radiculopathy: A systematic review. BMJ
Open 2019, 9, e025790. [CrossRef]

43. Chang, A.; Ng, A.T. Complications associated with lumbar transforaminal epidural steroid injections. Curr. Pain Headache Rep.
2020, 24, 67. [CrossRef] [PubMed]

44. Abrecht, C.R.; Saba, R.; Greenberg, P.; Rathmell, J.P.; Urman, R.D. A contemporary medicolegal analysis of outpatient interven-
tional pain procedures: 2009–2016. Anesth. Analg. 2019, 129, 255–262. [CrossRef]

45. Jang, J.H.; Lee, W.Y.; Kim, J.W.; Cho, K.R.; Nam, S.H.; Park, Y. Ultrasound-guided selective nerve root block versus fluoroscopy-
guided interlaminar epidural block versus fluoroscopy-guided transforaminal epidural block for the treatment of radicular pain
in the lower cervical spine: A retrospective comparative study. Pain Res. Manag. 2020, 2020, 9103421. [CrossRef] [PubMed]

46. Park, K.D.; Lee, W.Y.; Nam, S.H.; Kim, M.; Park, Y. Ultrasound-guided selective nerve root block versus fluoroscopy-guided
interlaminar epidural block for the treatment of radicular pain in the lower cervical spine: A retrospective comparative study. J.
Ultrasound 2019, 22, 167–177. [CrossRef] [PubMed]

47. Hashemi, M.; Dadkhah, P.; Taheri, M.; Abootorabi, H.S.S.M.; Naderi-Nabi, B. Ultrasound-guided lumbar transforaminal epidural
injections; a single center fluoroscopic validation study. Bull. Emerg. Trauma 2019, 7, 251–255. [CrossRef] [PubMed]

48. Zhang, X.; Shi, H.; Zhou, J.; Xu, Y.; Pu, S.; Lv, Y.; Wu, J.; Cheng, Y.; Du, D. The effectiveness of ultrasound-guided cervical
transforaminal epidural steroid injections in cervical radiculopathy: A prospective pilot study. J. Pain Res. 2019, 12, 171–177.
[CrossRef] [PubMed]

49. Jee, H.; Lee, J.H.; Kim, J.; Park, K.D.; Lee, W.Y.; Park, Y. Ultrasound-guided selective nerve root block versus fluoroscopy-guided
transforaminal block for the treatment of radicular pain in the lower cervical spine: A randomized, blinded, controlled study.
Skeletal Radiol. 2013, 42, 69–78. [CrossRef] [PubMed]

50. Park, Y.; Ahn, J.K.; Sohn, Y.; Jee, H.; Lee, J.H.; Kim, J.; Park, K.D. Treatment effects of ultrasound guide selective nerve root block
for lower cervical radicular pain: A retrospective study of 1-year follow-up. Ann. Rehabil. Med. 2013, 37, 658–667. [CrossRef]
[PubMed]

51. Ehsanian, R.; Schneider, B.J.; Kennedy, D.J.; Koshkin, E. Ultrasound-guided cervical selective nerve root injections: A narrative
review of literature. Reg. Anesth. Pain Med. 2021, 46, 416–421. [CrossRef]

52. Fang, C.; Zhang, W.; Chen, L.; Li, H. The correlation between the high-intensity zone on a T2-weighted MRI and positive
outcomes of discography: A meta-analysis. J. Orthop. Surg. Res. 2017, 12, 26. [CrossRef]

53. McCormick, Z.L.; DeFrancesch, F.; Loomba, V.; Moradian, M.; Bathina, R.; Rappard, G. Diagnostic value, prognostic value, and
safety of provocation discography. Pain Med. 2018, 19, 3–8. [CrossRef]

54. Xi, M.A.; Tong, H.C.; Fahim, D.K.; Perez-Cruet, M. Using provocative discography and computed tomography to select patients
with refractory discogenic low back pain for lumbar fusion surgery. Cureus 2016, 8, e514. [CrossRef] [PubMed]

55. Manchikanti, L.; Benyamin, R.M.; Singh, V.; Falco, F.J.; Hameed, H.; Derby, R.; Wolfer, L.R.; Helm, S., 2nd; Calodney, A.K.;
Datta, S.; et al. An update of the systematic appraisal of the accuracy and utility of lumbar discography in chronic low back pain.
Pain Physician 2013, 16, SE55–SE95. [CrossRef] [PubMed]

http://doi.org/10.3233/BMR-160671
http://doi.org/10.1111/pme.12415
http://www.ncbi.nlm.nih.gov/pubmed/24612267
http://doi.org/10.3174/ajnr.A0955
http://www.ncbi.nlm.nih.gov/pubmed/18272560
http://doi.org/10.1093/pm/pnw027
http://doi.org/10.1097/00115550-200611000-00009
http://www.ncbi.nlm.nih.gov/pubmed/17138195
http://doi.org/10.1016/j.wneu.2019.02.102
http://doi.org/10.1177/0300060519884817
http://doi.org/10.1016/j.clineuro.2018.07.015
http://doi.org/10.1136/bmjopen-2018-025790
http://doi.org/10.1007/s11916-020-00900-9
http://www.ncbi.nlm.nih.gov/pubmed/32990823
http://doi.org/10.1213/ANE.0000000000004096
http://doi.org/10.1155/2020/9103421
http://www.ncbi.nlm.nih.gov/pubmed/32617125
http://doi.org/10.1007/s40477-018-0344-z
http://www.ncbi.nlm.nih.gov/pubmed/30519991
http://doi.org/10.29252/beat-070307
http://www.ncbi.nlm.nih.gov/pubmed/31392224
http://doi.org/10.2147/JPR.S181915
http://www.ncbi.nlm.nih.gov/pubmed/30643449
http://doi.org/10.1007/s00256-012-1434-1
http://www.ncbi.nlm.nih.gov/pubmed/22609989
http://doi.org/10.5535/arm.2013.37.5.658
http://www.ncbi.nlm.nih.gov/pubmed/24236253
http://doi.org/10.1136/rapm-2020-102325
http://doi.org/10.1186/s13018-017-0523-1
http://doi.org/10.1093/pm/pnx034
http://doi.org/10.7759/cureus.514
http://www.ncbi.nlm.nih.gov/pubmed/27026838
http://doi.org/10.36076/ppj.2013/16/SE55
http://www.ncbi.nlm.nih.gov/pubmed/23615887


Diagnostics 2021, 11, 2311 12 of 12

56. Lam, K.H.S.; Hung, C.Y.; Wu, T.J. Ultrasound-guided cervical intradiscal injection with platelet-rich plasma with fluoroscopic
validation for the treatment of cervical discogenic pain: A case presentation and technical illustration. J. Pain Res. 2020, 13,
2125–2129. [CrossRef] [PubMed]

57. Cuellar, J.M.; Stauff, M.P.; Herzog, R.J.; Carrino, J.A.; Baker, G.A.; Carragee, E.J. Does provocative discography cause clinically
important injury to the lumbar intervertebral disc? A 10-year matched cohort study. Spine J. 2016, 16, 273–280. [CrossRef]

58. Gruber, H.E.; Rhyne, A.L., 3rd; Hansen, K.J.; Phillips, R.C.; Hoelscher, G.L.; Ingram, J.A.; Norton, H.J.; Hanley, E.N., Jr. Deleterious
effects of discography radiocontrast solution on human annulus cell in vitro: Changes in cell viability, proliferation, and apoptosis
in exposed cells. Spine J. 2012, 12, 329–335. [CrossRef]

59. Migliore, A.; Sorbino, A.; Bacciu, S.; Bellelli, A.; Frediani, B.; Tormenta, S.; Pirri, C.; Foti, C. The technique of intradiscal injection:
A narrative review. Ther. Clin. Risk Manag. 2020, 16, 953–968. [CrossRef]

60. Falowski, S.; Sayed, D.; Pope, J.; Patterson, D.; Fishman, M.; Gupta, M.; Mehta, P. A review and algorithm in the diagnosis and
treatment of sacroiliac joint pain. J. Pain Res. 2020, 13, 3337–3348. [CrossRef]

61. Fortin, J.D.; Kissling, R.O.; O’Connor, B.L.; Vilensky, J.A. Sacroiliac joint innervation and pain. Am. J. Orthop. 1999, 28, 687–690.
62. Szadek, K.M.; van der Wurff, P.; van Tulder, M.W.; Zuurmond, W.W.; Perez, R.S. Diagnostic validity of criteria for sacroiliac joint

pain: A systematic review. J. Pain 2009, 10, 354–368. [CrossRef]
63. Telli, H.; Telli, S.; Topal, M. The validity and reliability of provocation tests in the diagnosis of sacroiliac joint dysfunction. Pain

Physician 2018, 21, E367–E376. [CrossRef]
64. Barros, G.; McGrath, L.; Gelfenbeyn, M. Sacroiliac joint dysfunction in patients with low back pain. Fed. Pract. 2019, 36, 370–375.
65. Jung, M.W.; Schellhas, K.; Johnson, B. Use of diagnostic injections to evaluate sacroiliac joint pain. Int. J. Spine Surg. 2020, 14,

30–34. [CrossRef] [PubMed]
66. International Association for the Study of Pain, Subcommittee on Taxonomy. Classification of chronic pain. Descriptions of chronic

pain syndromes and definitions of pain terms. Prepared by the International Association for the Study of Pain, Subcommittee on
Taxonomy. Pain Suppl. 1986, 3, S1–S226.

67. Polly, D.W.; Cher, D.J.; Wine, K.D.; Whang, P.G.; Frank, C.J.; Harvey, C.F.; Lockstadt, H.; Glaser, J.A.; Limoni, R.P.;
Sembrano, J.N.; et al. Randomized controlled trial of minimally invasive sacroiliac joint fusion using triangular titanium implants
vs nonsurgical management for sacroiliac joint dysfunction: 12-month outcomes. Neurosurgery 2015, 77, 674–690, discussion
690–671. [CrossRef]

68. Dutta, K.; Dey, S.; Bhattacharyya, P.; Agarwal, S.; Dev, P. Comparison of efficacy of lateral branch pulsed radiofrequency
denervation and intraarticular depot methylprednisolone injection for sacroiliac joint pain. Pain Physician 2018, 21, 489–496.
[PubMed]

69. Sebaaly, A.; Lahoud, M.J.; Rizkallah, M.; Kreichati, G.; Kharrat, K. Etiology, evaluation, and treatment of failed back surgery
syndrome. Asian Spine J. 2018, 12, 574–585. [CrossRef]

http://doi.org/10.2147/JPR.S264033
http://www.ncbi.nlm.nih.gov/pubmed/32903704
http://doi.org/10.1016/j.spinee.2015.06.051
http://doi.org/10.1016/j.spinee.2012.02.003
http://doi.org/10.2147/TCRM.S251495
http://doi.org/10.2147/JPR.S279390
http://doi.org/10.1016/j.jpain.2008.09.014
http://doi.org/10.36076/ppj.2018.4.E367
http://doi.org/10.14444/6081
http://www.ncbi.nlm.nih.gov/pubmed/32123655
http://doi.org/10.1055/s-0036-1583136
http://www.ncbi.nlm.nih.gov/pubmed/30282393
http://doi.org/10.4184/asj.2018.12.3.574

	Introduction 
	Methods 
	Facet Arthropathy 
	Differentiating Lumbar Radiculopathy 
	Discography 
	Sacroiliac Joint Dysfunction 
	Conclusions 
	References

