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Abstract: Chronic low back pain (cLBP) is the most frequently reported cause of years lived with
disability. Identifying the anatomical structures or dysfunction contributing to patients’ symptoms
is critical to guiding treatment. The etiology of back pain and differential diagnosis is often broad,
ranging from non-degenerative cLBP (trauma, tumor, inflammation, infection, etc.) to degenerative
(also described as nonspecific) cLBP. After eliminating suspicion for more insidious causes of cLBP,
a thorough investigation can be conducted in an attempt to identify a source of degenerative cLBP.
Degenerative cLBP can originate from many sources, and a detailed understanding of the structures
potentially involved is invaluable for an accurate diagnosis. This review article aims to provide
a broad overview of the utility of clinical history, physical exam findings, imaging findings, and
diagnostic procedures in identifying the cause of patients’ cLBP. We provide a framework to help
guide clinicians by dividing the structures into groups as follows: anterior vertebral column, posterior
vertebral column, and extra-vertebral pain. For each condition listed, we touch on the treatment
options that can be considered.

Keywords: chronic low back pain; lumbar facet arthropathy; discogenic low back pain; vertebrogenic
low back pain; sacroiliac joint; axial low back pain; mechanical low back pain; lumbar pain; lumbosacral
degenerative disease

1. Introduction

A systematic analysis of the global burden of disease determined that chronic low back
pain (cLBP) has been a leading cause among 354 diseases for years lived with disability
from 1990 to 2017 [1,2]. The advances in management with the greatest potential are
likely ones that align practice with evidence and promote activity and function with
continued functional participation in life and work [3]. This highlights the need for a
detailed understanding of cLBP and how to address the treatment of these patients.

A variety of definitions exist for the definition of cLBP, ranging from inveterate pain in
the lumbar region for longer than 3 months (the French agency for healthcare evaluations,
Agence NAtionale d’Évaluation en Santé, ANAES), to low back pain with a duration of at
least 6 months (the American Society of Interventional Pain Physicians, ASIPP) [4,5]. The
term “nonspecific low back pain” was coined based on the foundation of a study from 1966,
which concluded that the source of cLBP could not be identified in 79% of males and 89%
of females in a general practice setting [6]. In the ensuing years, this conclusion has been
repeated despite the advances in imaging, diagnostic modalities, and specialized care in
the field of spine medicine. Although physicians’ ability to accurately identify the cause of
patients’ back pain has undoubtedly improved, diagnosis often remains challenging.

Low back pain can be characterized as neuropathic, nociceptive, or nociplastic (pain
that arises from altered nociception despite no clear evidence of nociceptive or neuro-
pathic pain) [7]. A new classification of cLBP establishes three categories of pain based
on presumptive mechanisms and whether the pain is related to degenerative changes.
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Non-degenerative cLBP describes pain caused by pathology such as trauma, spondylolysis,
tumors, infections, or inflammatory processes. As such, cLBP can represent a serious
medical pathology that requires an appropriate diagnostic workup or specialist referral [1].
The cLBP of an unknown mechanism is pain that seems to bear no relation to anatomical
abnormalities, for which the Fear Avoidance Beliefs Questionnaire and other similar scales
may be useful. Finally, degenerative cLBP has replaced the term “nonspecific low back
pain” to describe pain attributable to degenerative alterations in discs, facet joints, and/or
ligaments, with or without regional and/or global alterations in spinal alignment [8].

History-taking is an important aspect to help narrow the differential diagnosis, aid
in focusing physical exams, and can be used to individualize treatment plans. The first
part of this section will focus on gathering an appropriate medical history of the patient’s
pain, discussing “Red” and “Yellow” flags regarding cLBP, as well as briefly discussing
other pertinent histories that may influence the development of cLBP, treatment decisions,
prognosis for recovery, and exploring etiologies that may mimic cLBP. Body systems that
are discussed are not meant to be viewed as all-inclusive; however, a focus on the relevant
aspects of medical history-taking for cLBP patients is needed.

2. Evaluation of Pain

A thorough history of pain aims to gather features of cLBP that can be used to focus
pertinent questions, the physical exam, and explore other co-morbid conditions that may
influence treatment.

Onset of pain: How long has the patient experienced low back pain? Onset will often
include documenting a specific inciting event if one occurred, such as pain that started
after a motor vehicle accident or a fall at work versus pain that started without trauma or a
specific injury/event.

Progression: How pain has progressed should be documented. Pain that has been
present for years but specifically worsened over the past month may change diagnostic or
treatment considerations.

Location: The location of pain should include the side (right, left, or bilateral), in the
midline, paraspinals, buttocks, or radiation down the posterior/anterior thighs. At times,
patients will describe diffuse, widespread spinal pain. The next chapter will dive deeper
into the physical exam and diagnostic confidence of physical exam tests that a provider
may use to further investigate pain that is suggested by location (i.e., paraspinal for facets,
or buttock for SI joint or hip pathology) and other history-taking aspects.

Description/characteristic: Descriptions often vary between dull, achy, sharp, stab-
bing, stiff/tight, crampy, and/or burning. Specific descriptions that may be helpful and
can elucidate potential systemic involvement, such as morning stiffness >30 min, may raise
suspicion for inflammatory back pain vs. degenerative cLBP.

Intensity/Severity: Patients are asked to describe the pain on a number rating from
zero to ten out of ten (0–10/10) (NRS) or a visual Analog scale (VAS). Ex: 4/10 pain with
rest that increases to 7/10 pain with lumbar extension.

Aggravating and alleviating factors: Aggravating factors include what provokes or
makes the patients’ back pain worse. Focusing on specific positions (sitting vs. standing),
movements (flexion, extension, laying down, walking, etc.), or time of day (morning
vs. evening) when pain is more intense. Alleviating factors are the opposite; e.g., what
position reduces the pain. Often patients will describe a treatment option in response to the
questions, e.g., whether pain is better with ice or after medication.

Radiation of symptoms: Have patients describe radiation outside of the lumbar spine
and past the gluteal folds. Pain that has a dermatomal or radicular pattern down the entire
lower extremity often raises suspicion for involvement of neural components, which falls
outside the discussion of degenerative cLBP.

Other associated symptoms: Symptoms that may raise suspicion for other processes
distinct from degenerative changes in the spine include weakness, numbness/tingling,
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fevers/chills, weight loss, pain that wakes them up at night, changes in bowel/bladder
control, balance issues, tremors, fasciculations, or abdominal pain, just to name a few.

Other important aspects of chronic pain that clinicians should inquire about and
document are current and past responses to medical treatments. Physical therapy, medica-
tions (opioids, muscle relaxants, NSAIDs, etc.), injections along with response, and past
surgical history of the back, as well as a complete surgical history, should be gathered.
Other treatment modalities, including acupuncture, tai chi, yoga, pilates, manipulation,
massage therapy, electrical stimulation, traction, heat/ice packs, topicals, or patches, are
also treatment options with varying degrees of recommendations and levels of evidence. If
yoga specifically was helpful for a patient’s myofascial pain for 2 years, it would be worth
attempting to return to yoga.

3. Red Flags

The term “red flags” is used to describe history, signs, and symptoms that might
suggest secondary causes of a more serious underlying pathology for low back pain. First
described in the 1980s [9], there are now numerous terms, guidelines, and lists that lack
a census of what might be considered a red flag. A comprehensive review published
in 2016 in the European Spine Journal identified 21 guidelines by various countries and
associations and included 16 in their review to compare recommendations [10]. The most
commonly referred pathologies to which red flags may be indicative included malignancy,
fracture, infection, and cauda equina syndrome (CES), with other mentions including
ankylosing spondylitis, aneurysms, and myelopathy [10]. It has been noted that serious
red flag conditions presenting as low back pain are rare [11]. Clinicians should be aware
of patient history and inquire about new or progressive symptoms on subsequent visits.
The four most common pathologies mentioned in the review red flag guidelines include
the following:

Malignancy: Fourteen red flags were identified related to malignancy, with a history
of cancer being found in all guidelines, and unintentional weight loss was the second most
common. Other mentions included pain at rest or pain at night, elevated ESR, reduced
appetite, rapid fatigue, fever, paraparesis, progressive symptoms, and strong clinical
suspicion [10].

Fracture: Eleven different red flags noted for indication of a potential fracture were
found. Major or significant trauma is the most common, followed by the use of steroids or
immunosuppression, old age (often between 50 and 70 years old), female gender, previous
fracture, low body weight, increased thoracic kyphosis, structural deformity, or minor
trauma [10].

Infection: The most common recommendations related to infection were fever, use of
corticosteroids, immunosuppression, intravenous (IV) drug use, pain at night or at rest,
and bone tenderness of spinous processes [10].

Cauda Equina Syndrome (CES): Overall, nine different red flags were described for
suspicion of CES, with new-onset saddle anesthesia (perineal numbness) and bladder
dysfunction being the two most common [10].

4. Yellow Flags

The term “yellow flags” was first identified in 1997 by Kendall et al. [12], after a
collaborative project in New Zealand by the National Health Committee and the Accident
Rehabilitation Compensation Insurance Corporation (ACC) that described psychosocial
risk factors for long-term disability and work loss related to low back pain [13]. Since then,
there has been an increased focus on the connection between psychosocial and workplace
factors as they relate to cLBP. The North American Spine Society’s (NASS) evidence-based
review of cLBP provided a Grade A recommendation (highest level of evidence) regarding
the evaluation of a patient’s psychosocial and workplace factors, citing their contribu-
tion to the development of disabilities related to cLBP [14]. The European Guidelines
for Chronic Low Back Pain describe yellow flags as psychosocial risk factors, including
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(1) inappropriate attitudes and beliefs about back pain, such that pain may be harmful and
potentially disabling, or having elevated expectations that passive treatments rather than
active treatments will be helpful. (2) Inappropriate pain behaviors such as fear avoidance,
and reduced levels of activity related to fear of worsening pain. (3) Compensation or
work-related issues. (4) Emotional problems including depression, anxiety, stress, and
withdrawal from social interaction. Identification of yellow flags, during medical history or
screening questionnaires should prompt providers for appropriate cognitive and behavioral
management as part of the ongoing treatment plan [15].

Psychosocial

Pain is a personal experience built on an individual’s life experiences. The revised
International Association for the Study of Pain’s (IASP) definition of pain is “an unpleasant
sensory or emotional experience associated with actual or potential tissue damage” [16].
With the idea of potential tissue damage being a component of an individual’s experience
of pain, the fear avoidance model is one of the most influential models used to explain how
psychological factors affect this experience and play into the development of chronic pain,
inactivity, depression, and disability [17].

Although depression and anxiety have not been identified as a specific cause of back
pain, substantial data show that depression and anxiety rates are found to be higher in
individuals with cLBP compared to the general population [18–25]. CLBP can create a
difficult cycle to break when a reduction in movement leads to reduced pain, further lead-
ing to maladaptive beliefs regarding pain such as catastrophizing, kinesiophobia, or fear
avoidance (normal movements will cause pain), and further psychological distress, which
has been shown to be bi-directional and lead to a more severe experience of pain [24,25].
These contributions are part of what make cLBP one of the more challenging conditions
for recovery. To help identify co-morbid psychosocial factors, clinicians can use multiple
screening questions such as the Patient Health Questionaire-9 (PHQ-9), General Anxiety
Disorder-7 (GAD-7), or Fear Avoidance Belief Questionnaire. Identification of these disor-
ders is a key component of history-taking and can offer options to individualize treatment
goals and protocols for cLBP patients.

Other psychological backgrounds that can be valuable to obtain during history include
PTSD or trauma history (sexual, physical, or emotional abuse), which has been found to be
up to 4× more common in chronic pain patients compared to the general population [26].
There is a large body of evidence that suggests that occupational factors have a substantial
impact on a patient’s ability to develop chronic pain [27]. This includes those in blue-collar
jobs, heavy labor jobs, workers with low job satisfaction, those who are new at their job,
and workers who are not well rated by their superiors [27]. Although not as robust data is
currently present, studies out of Germany have shown financial strain and debt to be a risk
factor for back pain [28].

5. Lifestyle
5.1. Function and Disability

The Global Burden of Disease, a systematic analysis of 354 diseases across 195 countries
in 1990 and 2017, found low back pain to be the leading cause of years lived with disability
(YLD) [2]. Globally, YLDs of LBP increased 52.7% from 1990 to 2017 [2]. The burden of
low back pain globally is undeniable, and its effect on a patient’s mood, beliefs, social
interactions, and functional or non-functional status is inherently tied together. Thus, an
overall goal for the treatment of cLBP should be to increase a patient’s daily function and
limit disability. To assist in the subjective evaluation of patients’ function and disability,
there have been numerous tools and questionnaires developed, referred to as Patient-
Reported Outcome Measures (PROMs). Regarding back pain and function, commonly used
PROMs include the following: Pain Disability Assessment Scale (PDAS), Patient Reported
Outcome Measurement Information System (PROMIS), Oswestry Disability Index (ODI),
Oswestry Low Back Pain Disability Questionnaire (OSW), Roland Morris Pain Scale, Short



Life 2024, 14, 812 5 of 27

Form-36 (SF-36), and the Quebec Back Pain Disability Scale (QUE). Originally developed to
compare the effectiveness of treatment in research and clinical trials [29], PROMs have been
increasingly used to monitor patient response to treatment. Overall, to our knowledge,
no study has compared the validity or reliability of all developed measurement tools.
Clinicians should use the assessment tool they find most relevant and appropriate [30].
One goal of assessment tools should be to help clinicians gain insight into the effect that
cLBP has on an individual’s life.

The physical activity level of patients should be identified and discussed as part of
their medical history. Although some studies suggest no conclusive evidence that adults
with cLBP are less active than healthy individuals [31,32], most of the literature supports the
conclusion that a sedentary lifestyle and decreased physical activity are found in patients
with cLBP [33–37]. When further looking at subgroups of cLBP and activity distribution,
it has been seen that elderly patients (>65) with cLBP have decreased physical activity
compared to controls [38], cLBP is associated with significantly less time walking, take
a fewer number of steps per day [39], spend less time laying down during the day [40],
and even one of the studies that found no conclusive evidence for the overall activity
difference noted cLBP are less active in the morning compared to pain-free individuals [32],
suggesting a difference in the distribution of activity.

5.2. Sleep

Impaired sleep is known to have a correlation with cLBP [41–43], with >50% of
patients with cLBP complaining of sleep disturbance. Not only sleep impairment in general,
but specifically, there is a direct correlation with pain intensity and function related to
cLBP [44]. Impairments can include reduced sleep quality, difficulty falling asleep, waking
up after sleep, and feeling unrefreshed from sleep. Treatment focusing on sleep hygiene,
prevention of, and reduction in sleep disturbances has been suggested to correlate to a
higher probability of recovery and improve the long-term prognosis of cLBP [45].

5.3. Smoking

A history of smoking is important to assessing the overall health of patients and
should be a standard component of medical history for all evaluations. Smoking is a
known correlation to adults who experience cLBP [33,46]. Recent studies aimed at smoking
cessation have demonstrated pain status as a predictor of cessation outcomes [47]. This
highlights unique barriers for those who experience pain and smoke and the utility of
addressing pain among smokers who are planning or anticipating an upcoming attempt at
cessation [47]. It has also been established that smoking increases overall rates of malig-
nancy [48]. Additionally, nicotine use is known to affect healing and thus can affect recovery
from a spine-related injury [49,50]. Furthermore, the cost of smoking may negatively affect
a patient’s finances and ability to focus resources on health care treatment, such as physical
therapy or medication.

6. Co-Morbid Conditions
6.1. Cardiovascular

Cardiovascular disease (CVD) is the leading cause of mortality worldwide [51–54].
Given the vast implications of CVD on a patient’s overall health, this section will briefly touch
on certain aspects of CVD related to cLBP and should not be seen as a complete guide as it
relates to cardiovascular implications. The relationship with cLBP has been seen across nu-
merous studies, showing higher incidence not only with cardiovascular disease [55–57], heart
failure [58,59], and hypertension [33,60], but also higher rates with known cardiovascular
risk factors such as high cholesterol, high LDL, high triglycerides [61,62], obesity [63,64],
smoking [33,46], and diabetes [33,65,66]. The data also point toward the fact that the
more severe the back pain, the more likely individuals are to have a myocardial infarc-
tion [56,67]. The idea that pain may be more common in patients with cardiovascular
disease is multifactorial. Heart failure patients with pain tend to be older, and in particular,
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those >85 years of age tend to experience more frequent chronic pain [68,69]. Additionally,
HF is correlated with high rates of depression [59,70,71], which has already been discussed
as being correlated with cLBP. HF patients tend to exercise less and have decreased physical
function [59,72–74], and even CVD and cLBP have been hypothesized via atherosclerotic
processes of the abdominal aorta [75].

Knowing a patient’s cardiovascular history can stop putting patients at greater risk
when considering their medication treatment options. Non-aspirin non-steroidal anti-
inflammatory medications (NSAIDs) are a frequently used class of medications for pain.
Understanding that there are increased cardiovascular events [76–78] with these medica-
tions may reduce future adverse events. Additionally, patients who have had prior MI
or CVAs may already be prescribed blood-thinning medications, and NSAIDs, again, are
recommended to be avoided [79]. Benefits have been seen in treating HF patients and
co-morbid depression with cognitive behavioral therapy (CBT) combined with exercise
training vs. CBT alone and exercise training alone [80]. Thus, given the multifactorial nature
of cLBP in the setting of CVD, an individualized treatment plan incorporating improved
physical activity, endurance, and proper treatment of co-morbid depression is an avenue to
improve quality of life. The treatment of cLBP needs to be weighed alongside the patient’s
current cardiac status. For example, it may be best to recommend cardiac rehabilitation
before starting low-back pain-targeted physical therapy. Finally, in patients suffering from
active cardiac issues, PCP, and/or cardiac referral should be made immediately.

6.2. Rheumatologic
6.2.1. Rheumatoid Arthritis (RA)

RA is one of the most common inflammatory diseases worldwide. The frequency of
cLBP in RA patients has been shown to be much higher than in the general population,
ranging between 33 and 65% [81–83]. RA causes erosive changes to joints throughout the
body, and these changes can affect the spine, including endplate and facet erosions [84].
These changes have been hypothesized to be a result of pathologic changes to the spine
due to moderate-to-high disease activity, as opposed to a degenerative process [84,85], and
can lead to more severe cLBP among RA patients [85]. Other factors correlated to more
severe cLBP in this population include a higher BMI, less frequent use of methotrexate, and
smoking [84,85]. In addition, upper cervical spine pathology and corresponding symptoms,
such as myelopathy, should be considered in patients with RA.

6.2.2. Axial Spondyloarthritis (axSpA)

AxSpA is a term used to describe inflammatory conditions of the spine and sacroiliac
joints. AxSpA includes ankylosing spondylitis (AS), now sometimes referred to as radio-
graphic and non-radiographic axial spondyloarthritis (r-axSpA and nr-axSpA), spondy-
loarthritis associated with inflammatory bowel disease, and undifferentiated spondy-
loarthritis [86,87]. The understanding of these conditions has grown over the last two
decades. As the topic of this chapter’s focus is the medical history of degenerative cLBP,
only pertinent aspects of inflammatory axSpA will be touched on, specifically medical
presentation and diagnosis.

Diagnosis of AS has been difficult for the general medical community, due to the
heterogeneity and multifactorial nature of cLBP. The data suggest median times from first
presentation of symptoms to diagnosis ranging from 3.8 to 8.3 years, and it is often quoted
as taking longer than 10 years to diagnose [87]. Patients often present with descriptions of
inflammatory back pain, that is, pain and stiffness that is worse in the morning, stiffness
lasting >30 min, and stiffness that is improved with exercise and NSAIDs [87,88]. AS is
most commonly present in males, with a male-to-female ratio ranging from 2:1 to 5:1, and
the peak age of onset is 15–35 years old, often before the age of 40 [87,88]. Other parts of
a patient’s history that should raise a clinician’s suspicion for axSpA are inflammation of
the tendon insertion to bone (enthesitis) [87]. These frequently occur at the Achilles but
can also occur at the knees, shoulders, hips, and chest wall, and they are seen in 30–50% of
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patients with axSpA [87]. Dactylitis (swelling of the entire finger or toe) and uveitis (eye
inflammation that can cause pain, swelling, and blurred vision) are seen in 6% and 10%,
respectively, of axSpA [87]. Skin changes should also be taken note of, as psoriasis (dry,
itchy, and scaly patches) is seen in 10% of axSpA. Inflammatory bowel disease is also seen
in about 5–10% of axSpA, and evidence of microscopic colitis (noted on colon biopsy) is
more frequently seen in about 30–60% [87].

Clinicians should be aware of the diagnostic criteria for these conditions. For AS, the
modified New York Classification Criteria was described in 1984. However, for a definitive
diagnosis, patients would need to have x-ray images showing radiographic changes seen
in the SI joints along with at least one clinical sign, and only possible AS could be defined
clinically [88]. Evidence that radiographic changes can take 6–10 years after symptom
presentation [89] and the advancement of MRI prompted the publication of the Assessment
of SpondyloArthritis International Society (ASAS) in 2009. For these patients who have
>3 months of back pain and onset under the age of 45, they either need an identification of
sacroiliitis on imaging (x-ray or MRI) plus 1 SpA clinical feature or positive HLA-B27 and
2 Spa clinical features for a diagnosis of axSpA [90,91].

6.3. Diabetes

The prevalence of type 2 diabetes mellitus (T2DM) has increased over the last few
decades, and it affects an estimated 6% of the world’s population [92]. With cLBP and
T2DM being so prevalent worldwide, clinicians will often see patients who are affected
by both conditions. Some studies have found that the likelihood of cLBP is 3x greater in
patients with T2DM (57). Diabetic glycosylation and microangiopathy can also affect both
the tissue matrix and nutrition of the spine and soft tissues, leading to more prominent
degenerative changes [93–95], as a longer duration and poor control of T2DM have been
found to correlate with more severe lumbar degeneration [94]. Promoting tight glucose
and physical activity has been shown to prevent or delay the advancement of lumbar
disc degeneration, decrease the incidence of low back pain, and subsequently reduce
disability [94,96].

6.4. Malignancy

A personal history of malignancy should be noted for all patients who present with
cLBP, as spinal metastases are estimated to affect anywhere between 15 and 70% of cancer
patients [97–99]. Although all primary malignancies can spread to the spine, the most
common malignancies include breast (21%), lung (19%), prostate (7.5%), renal (5%), gas-
trointestinal (GI) (4.5%), and thyroid (2.5%) [99]. A study by Shakil et al., which identified
37,375 patients with spinal metastasis between 2009 and 2017, found that lung cancer had
the highest annual incidence rate (7.8%) after just one year of primary diagnosis, increasing
to 10.3% after 10 years, and lung cancer had the greatest risk of metastasis of all cancers
after diagnosis [100]. The study revealed that all of the cancers identified (lung, breast,
prostate, GI, melanoma, and urologic) increased the incidence of spinal metastasis from
1 year, 5 years, or 10 years after primary diagnosis [101], showing the years from diagnosis
to be a risk factor. The highest locations of metastatic lesions in the spine are thoracic
(60–80%), lumbar (15–30%), and cervical (<10%) [102,103]. Pain is the hallmark presenting
sign of spinal metastasis. Other symptoms can be weakness (35–75%), sensory disturbances,
and weight loss [100–103]. Pain can be described as aching and deep, worsened pain at
night, and it can wake patients from sleep [100,103].

6.5. Gynecologic

For female patients of childbearing age who present with cLBP, their obstetric and
gynecologic history should be considered. Endometriosis is one of the most widespread
gynecologic disorders and causes of pelvic pain. It peaks between the ages of 25 and
29, affecting 10–15% of fertile women and 21–40% of infertile women [104]. Suspicion
for endometriosis should be raised when pain is in the pelvic region, lower abdomen,
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lumbar spine, buttocks, or thighs, along with period-related pain (dysmenorrhea), cyclical
abdominal symptoms such as painful bowel movements during periods, pain during or
after intercourse (dyspareunia), and painful cyclical urinary symptoms, with or without
blood in the urine. Ovulation pain, also known as Mittelschmerz, is defined as preovulatory
lower abdominal pain that occurs mid-cycle, typically days 7 through 24. Mittelschmerz is
estimated to affect up to 40% of women of reproductive age and should also be considered
in reproductive-aged women who describe cyclical back pain and abdominal pain related
to ovulation [105].

6.6. Nephrology and Urologic

Kidney stones (nephrolithasis) or urethral stones (urolithiasis) are a known process
that can refer to pain in the lower back or the inferior costovertebral region. Patients may
report a known history of kidney stones; however, without a previous diagnosis, this may
present the work-up of back pain that is often described as waves of sudden onset and
severe pain of the flank or inferior posterior costovertebral region that may radiate to
the inferior abdomen, groin, or genitals. History may also reveal nausea, vomiting, pain
with urination (dysuria), urinary frequency, urgency, or episodes of blood in the urine
(hematuria) [106].

Chronic prostatitis (bacterial or abacterial) occurs in 4.5–9% of males, and incidences
increase with age [107]. Pain and symptoms are more common in the urogenital and
anorectal regions, but they can also include the suprapubic, lower abdominal, and lumbar
regions, which can pose challenges for clinicians and often lead to misdiagnoses. Bowel
and bladder function questionnaires may reveal a history of increased urinary frequency,
especially at night (nocturia), urgency, a weak urinary stream, or rectal pain during or after
defecation [107].

When treating cLBP, chronic kidney disease (CKD), end-stage renal disease (ESRD),
and post-kidney transplant are important comorbidities that general practitioners and
specialists should be mindful of. Medication regimens may need to be adjusted, avoided,
or closely monitored for side effects. Common medication classes used for management of
cLBP that have modified clearance, effects on kidney function, or that should be avoided
depending on the degree of kidney function include the following: NSAIDs, opioids,
tramadol, pregabalin, gabapentin, SSRIs, SNRIs, and TCAs [108,109]. Clinicians should
be aware of potential interactions and monitor both kidney function, side effects, and
interactions with other medications when treating cLBP with comorbid kidney disease.

Although advances in diagnostic modalities, including imaging, have aided the ability
to identify the causes of cLBP, the clinical exam remains invaluable. As the burden of
cLBP is growing alongside aging populations and because these population shifts are more
rapid in low-income and middle-income countries with limited resources to diagnose and
address the problem, the clinical exam and history-taking remain invaluable [110]. We will
also discuss typical symptoms that can be helpful when taking a history and their potential
clinical implications. For each cause of cLBP, we will also briefly touch on diagnostic and
therapeutic treatment options. As the burden of cLBP falls largely on the adult population,
this review article will focus on such patients.

When evaluating patients presenting with cLBP, it is reasonable to divide the etiology
into pain arising either from the vertebral column or pain of adjacent axial structures.
The elements of the lumbar spine include soft tissues, bony structures and joints (verte-
brae, spinous processes, zygapophyseal, and sacroiliac joints), intervertebral discs, and
neurovascular structures, all of which are common pain generators.

7. Vertebral Column Pain

Regarding the vertebral column, the cause of pain may be further divided into being
attributed to any of the following three regions: the anterior, neural, or posterior elements
of the spine. As the neural elements can present more predictably as symptoms radiating
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down the lower extremity and this review is focusing on cLBP, we will refrain from
discussing pain of neurogenic claudication or radicular etiology.

7.1. Anterior Element Pain

For the purposes of this review, the anterior vertebral column refers to the vertebral
bodies and discs. Previously, pain stemming from the discs, or “discogenic pain”, was
thought to be the cause of cLBP for 39–42% of patients [111]. It was thought that pathologi-
cal neurovascular ingrowth penetrated into annular fissures, leading to increased sensitivity
and nociception via the sinuvertebral nerve [112]. However, more recent evidence appears
to refute the occurrence of such neurovascular ingrowth in many cases [113]. For the histo-
morphology of human vertebral bodies demonstrated endplate nociceptor densification
in areas of damage that were associated with increased disc degeneration. In addition,
they found that only 30% of annular tears in degenerated discs had pathologic neural in-
growth, compared with 90% of adjacent endplates, which were twice as densely innervated.
Nerve ingrowth into the disc is likely inhibited by physical pressure and proteoglycans and
limited to proteoglycan-deficient annular fissures [8].

A branch of the sinuvertebral nerve, the basivertebral nerve, enters the vertebral body
posteriorly through a foramen and travels cephalad and caudally to densely innervate the
vertebral end plates [114]. As this nerve is unmyelinated and has not shown potential for
regeneration, it has become a therapeutic target where radiofrequency ablation of this nerve
has shown long-term relief of cLBP, with the results being published for up to 5 years [115].

As a result, the vertebral end plates have been an area of recent interest as a cause
of nonspecific low back pain. Changes in the adjacent end plates of degenerative discs
were first described radiologically with magnetic resonance imaging (MRI) by Modic in
1988 [116]. These changes were first divided into two types, with Type 1 endplate (or
Modic) changes having increased signal on T2-weighted imaging and decreased signal on
T1-weighted imaging, and Type 2 changes having increased signal on T1 and increased
or isointense signal on T2. Type 3 changes are a result of extensive sclerosis and are
represented on an MRI as a decreased signal for both T1 and T2 sequencing. Type 1
endplate changes are thought to be a result of fibrovascular replacement or edematous
changes in the subchondral bone, and Type 2 changes are likely a result of fatty replacement.

Approximately 22% (12–37%) of patients with nonspecific cLBP have Modic changes
type 1 (MC1) or mixed Modic changes Type 1/Type 2 (MC1/2) [117]. These findings
can be seen in both symptomatic and asymptomatic patients [118]. A systematic review
and meta-analysis identified no strong association between end plate changes and MRI
and cLBP in patients with disability, although there is a need for further research as this
study exhibited significant heterogeneity of clinical outcomes and published articles [119].
However, a re-analysis of the literature focusing on a homogenous patient population
concluded that the evidence is more clear, suggesting that Modic changes are associated
with cLBP and that Type 1 changes may be more painful than Type 2 [120].

Despite this, the intervertebral discs themselves are also associated with pain. Patients
with disc degeneration are two to three times more likely than those who do not have a
degenerative disc to experience back pain [121]. The discs can cause pain by a number of
mechanisms, as follows: neuroinflammation-induced innervation of nociceptive fibers in
the disc, neuroinflammation-induced nociception, and pain from annular tears, among
others [122].

This makes anterior column pain a diagnostic challenge to distinguish between disco-
genic or vertebrogenic pain, as there is significant overlap between the etiology and patho-
genesis of the condition and both structures are stressed by the same positions. At mini-
mum, however, we can identify factors that would indicate pain arising from the anterior
column. To begin with, the pain should be primarily midline, with minimal pain referred
to bilaterally. History and physical exam components that are consistent with discogenic or
vertebrogenic should theoretically correlate with activities that increase the pressure on
these spinal components. In the 1960s, Nachemson et. al. placed a pressure transducer
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into the intervertebral disc to measure the intradiscal pressure directly. This classic study
concluded that the intradiscal pressure increased with bending or sitting, especially with
poor posture, in comparison to standing [123]. More recent studies challenge these findings
and suggest that sitting may not increase this pressure as much as previously thought. A
study that estimated disc heights radiographically suggested that standing may impose
higher loads on the discs than sitting [124]. A systematic review and meta-analysis that
analyzed in vivo studies evaluating intradiscal pressure while standing or sitting concluded
that the sitting posture induced significantly higher intradiscal pressure on the lumbar
spine than standing. It also concluded that there was no difference in sitting vs. standing
intradiscal pressure in studies published after 1990 or in study subjects who were diag-
nosed with degenerated discs [125]. Regardless, lifting (especially with objects further from
the body) and bending (forward flexion) are well-established mechanisms of increased
intradiscal pressure that may be able to fairly reliably indicate patients who have discogenic
or vertebrogenic pain generators, particularly in the appropriate clinical context combined
with imaging findings [126,127]. Nevertheless, a provocative discogram, where contrast or
another injectate is instilled into the disc utilizing fluoroscopy or computed tomography
for guidance, remains the gold standard for the diagnosis of a painful disc [128]. There is a
paucity of high-quality evidence for procedures for discogenic pain (as discussed in the
next paragraph), and studies have raised concern for further degeneration and problems
with the intervertebral disc after discogram. Therefore, this diagnostic procedure’s clinical
utility may be limited [129].

Various interventions have historically been performed for discogenic pain. Chemonu-
cleolysis is an intervention where the disc is injected with substances that cleave water
molecules from proteoglycans (and other substances) in the nucleus pulposus to decrease
the size of disc protrusions or herniations. Since this is primarily performed for radic-
ular pain, we will refrain from discussing it further. A 2010 study showed promise for
injecting methylene blue into the disc due to its anti-inflammatory effects from inhibiting
the production of nitric oxide [130]. Unfortunately, the results were not supported in
subsequent larger-scale studies [131]. In the 1990s and 2000s, we saw a surge in minimally
invasive techniques to treat discogenic low back pain, including intradiscal electrothermal
therapy (IDET) or percutaneous intradiscal radiofrequency thermocoagulation, essentially
with the goal of ablating painful nerve fibers at annular tears. Randomized controlled
trials concluded that there is insufficient evidence to recommend these procedures for the
treatment of discogenic low back pain [132]. There is a substantial amount of research
currently looking into the utility of orthogiologic restorative or regenerative treatments for
the degenerated intervertebral disc. Such treatments include platelet-rich plasma, various
stem cell products, and hydrogel injections. As the disc’s pH is too low and the oxygen
and nutrition diffusion into the inner annulus is low in the degenerated disc, the viability
of cells added to the nucleus pulposus is low [133]. For this reason, various cell delivery
mechanisms are being developed with matrices and other vehicles to help restore the
structure and enable the survival of the injected cells [134]. At present, the evidence for the
use of intradiscal biologic treatments is very low, leaving this an area that should receive
further research, with exciting potential for overcoming its obstacles [135].

7.2. Posterior Element Pain
7.2.1. Facet Joint Pain

A common cause of posterior element pain stems from arthropathy of the lumbar
facet (zygapophyseal) joints. The lumbar facet joints are true synovial joints with a hya-
line cartilaginous surface, a fibrous capsule, and a distinct joint space that is capable of
accommodating 1.0–1.5 mL of fluid. The facet joints form the posterolateral articulations,
connecting the vertebral arch of one vertebra to that of the adjacent vertebra [136]. Each
lumbar facet joint receives dual innervation by the medial branches of the posterior rami
of the corresponding level and the level above and by the dorsal ramus proper at the L5
level (for instance, the L4–L5 facet joint is innervated by the L3 and L4 medial branches)
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(Figure 1) [137]. The lumbar facet joints have long been recognized as a significant cause
of cLBP, as described as early as 1911 [138]. This was demonstrated further in 1963, when
pain from the facet joints was reproduced when injected [139].
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Figure 1. This diagram illustrates the dual innervation of the lumbar facet joints. The L4–L5 joint
is receiving innervation from the L3 and L4 medial branches, while the L5-S1 joint is receiving
innervation from the L4 medial branch and L5 dorsal ramus proper (prior to dividing to the L5
medial branch). Abbreviations: NR—nerve root; MB—medial branch; FJ—facet joint.

The spine moves as a three-joint complex composed of the intervertebral discs and the
paired facet joints, which stabilize the spine and prevent excess movement in all planes.
In young people, facet joints are strong and can support up to twice the person’s body
weight [140]. As we age, the lumbar facet joints become more biplanar and transition from
a largely coronal orientation to being more sagittal. Normal facet joints typically accept
3–25% of the axial load of the spine, and this number can increase significantly in the
setting of degenerative discs [141]. Although specific injuries can occur to the facet joints,
typically, pathology develops as a result of repetitive stresses as people age. Repetitive
stress and subsequent inflammation can cause edematous stretching of the joint capsule
and result in pain [142]. Similar to osteoarthritis in other joints throughout the body, the
degenerative process can result in the formation of narrowed joint spaces, sclerosis and
osteophytosis, and subchondral cyst formation. The derailment of normal physiologic facet
joint functioning commonly results in facet joint syndrome being a significant contributor
to cLBP, with prevalence increasing as the patient’s age increases [143].

As painful facet joint arthropathy can present similarly to osteoarthritis in other body
locations, patients may complain of impaired mobility, low back stiffness (especially in
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the morning for less than 30 min), and mechanical pain that is worse with activity and
repetitive range of motion of the lumbar spine [144]. Nonetheless, facetogenic low back pain
can also arise as a result of inflammatory arthropathies, synovial impingement, synovitis,
chronic infection, or synovial cysts, with variable presentations depending on facet joint
pain etiology [145].

The prevalence of facet-generated cLBP varies widely, depending on the study method-
ology and patient populations, with prevalence reported as low as 4.8% and up to as much
as 50% [146]. Lumbar facet joint syndrome is commonly described as bilateral or unilateral
low back pain that can radiate or refer at times to the buttock, sides of the thighs, or groin,
typically not extending beyond the knee, although, rarely, symptoms at the lower lumbar
segments can refer to the lower leg [147]. It is important to note that facet joint arthropathy
is a component of a generalized degenerative process of the spine and is rarely the sole
contributor to patients’ pain (although at times, it can be predominant or contribute signifi-
cantly). A prospective study of 206 patients suspected to have facetogenic pain underwent
diagnostic blocks (either placebo-controlled comparative blocks or triple blocks), and only
15% of patients were determined to have purely facetogenic pain [148].

It has been concluded that radionuclide bone scintigraphy with single photon emis-
sion computed tomography, used to detect microcalcification due to increased osteoblastic
activity, can aid in identifying potential painful generators in up to 86% of lumbar spine
scans [149,150]. However, there have been inconclusive and conflicting results on the corre-
lation between radiographing findings (on MRI, plain films, dynamic bending films, and
CT) and facetogenic pain, with studies comparing imaging findings to placebo-controlled
blocks or radiofrequency ablation. For that reason, the routine use of radiographic findings
to diagnose facetogenic pain is not supported by the literature [151–153].

Therefore, a physical examination can aid in clinical suspicion when history and
radiographic findings suggest potential painful facet joints. A physical exam may help
delineate which patients may be indicated for potential diagnostic medial branch blocks
as the gold standard for establishing diagnosis. When conceptualizing ways to reproduce
facet joint pain, it is important to think about maneuvers that either distract or provide
stress or compression to the suspected facet joints.

A cadaveric study by Khalsa et al. examined physiologic stresses to the facet joints with
different movements. With lateral bending, the two most caudad facet joints (L4–L5 and L5-
S1) showed the greatest magnitude of mechanical strain with contralateral bending, while
L1–L3 joints demonstrated the greatest strain with ipsilateral bending. The movements
with the largest intervertebral angulation were forward flexion for L4–L5, extension for
L5-S1, ipsilateral lateral bending for L1–L2 and L3–L4, and contralateral lateral bending
for L2–L3 [154]. Therefore, pain reproduced with these movements on a physical exam
may increase suspicion of pain correlating to the expected joints. Importantly, Khalsa et al.
also later confirmed in a follow-up study that the fusion of a lumbar segment resulted in
increased strains noted at adjacent facet joints [155].

Kemp’s test is a common physical exam maneuver with the intention of compressing
the lumbar facet joints. It is performed by placing the patient in lumbar extension, ipsilateral
rotation, or obliquely oriented stress to reproduce ipsilateral low back pain. A systematic
review evaluated five similar studies that compared the Kemp’s test to either single, dual,
or comparative (two different anesthetics with varying duration) anesthetic blocks with at
least 75% pain relief as the reference standard. The pooling of data concluded that the only
diagnostic accuracy measure above 50% (56.8% and 59.9%) was its negative predictive value,
indicating that the available literature suggests that the Kemp’s test has poor diagnostic
value and limited utility [156].

When lumbar facet joint pain is suggested due to history, imaging, and physical
exams, medial branch blocks remain the reference standard for diagnosis, as medial branch
blocks are more predictive than intra-articular facet joint blocks. As therapeutic medial
branch blocks and intra-articular facet joint injections have not shown convincing evidence
for consistent long-term pain relief, the current treatment paradigm remains diagnostic
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medial branch blocks to confirm a diagnosis, with the treatment goal being radiofrequency
denervation [157].

The most appropriate approach and interpretation of medial branch blocks for di-
agnosis and guiding treatment has been a topic of debate, and many issues are worth
noting. Single diagnostic anesthetic blocks are not considered valid as they can have a high
false-positive rate [158]. Additionally, lumbar medial branch blocks performed without
controls have large false-positive rates (25–41%) [159,160]. More stringent diagnostic crite-
ria may result in more false negatives but may improve outcomes for definitive treatment.
Comparative anesthetic blocks with either long-acting or short-acting local anesthetic use
on two separate occasions assessing pain relief duration corresponding to the anesthetic
used have a sensitivity of 100% and a specificity of 65% [132]. The diagnostic confidence of
these tests is complex, as sensitivity, specificity, and disease prevalence are all important
factors that contribute to the validity of the test. As the disease prevalence increases, the
false-positive rate will decrease, and the diagnostic confidence will increase. For instance,
with the sensitivity and specificity listed above and a prevalence of 60%, the diagnostic
confidence is 81%, and four out of five positive test results will be correct. If the prevalence
drops to 15%, only one out of eight positive responses will truly be positive. As such,
to avoid false-positive results, placebo-controlled blocks may be the best way to increase
diagnostic confidence [161]. Unfortunately, insurers in the United States do not cover
placebo-controlled blocks as the definitive procedure does not exceed the cost of blocks by
a factor of 1.5, thus making placebo-controlled blocks not cost-effective [162]. As discussed
below, radiofrequency ablation of the nerves innervating the facet joints is a common
treatment for painful facet joints after diagnostic blocks have been performed. An example
of a typical treatment paradigm for radiofrequency ablation can be seen in Figure 2.
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Radiofrequency ablation is one of several interventional treatment options for faceto-
genic low back pain and is likely the most appropriate intervention for many patients, as
randomized controlled trials (mentioned below) have shown limited evidence for other
facet joint procedures. Although previous systematic reviews and meta-analyses have
shown significant pain relief for 3–12 months, there is less evidence for functional improve-
ment [163–165]. A Cochrane review from 2015 concluded that there is low-quality evidence
for radiofrequency ablation for cLBP, but the available randomized controlled trials (RCTs)
exhibit methodologic flaws and exhibit significant heterogeneity [166]. Similarly, the Mint
RCTs concluded that radiofrequency ablation resulted in no improvement or no clinically
important improvement in cLBP compared to a standardized exercise program alone [167].
Despite this, due to the reasons mentioned above regarding appropriate patient selection
and the technically challenging nature of the procedure to place electrodes directly parallel
to the medial branches to achieve sufficient ablation, there is a paucity of adequate trials to
evaluate the effectiveness of this procedure.

Recently, endoscopic rhizotomy of the medial branches has gained interest as a treat-
ment option, given the technical difficulty of radiofrequency ablation and in an effort
to increase the duration of pain relief. A study of 55 patients diagnosed with a single
medial branch block procedure with greater than 80% pain relief was non-randomized
and received either conventional radiofrequency ablation or endoscopic rhizotomy. The
median pain relief duration for the endoscopic rhizotomy group was twice that of the ra-
diofrequency group, and 78.9% received greater than a 30-point Oswestry Disability Index
decrease compared to 13.9% in the radiofrequency group. However, this study did not
follow beyond 12 months; it had inadequate selection criteria; and it was not randomized or
double blinded [168]. More well-designed studies evaluating the treatment of facetogenic
low back pain need to be completed to determine the best treatment options.

Lastly, we will touch briefly on therapeutic intra-articular facet joint and medial branch
injections. As the Centers for Medicare and Medicaid Services have decreased coverage
for these treatments over the last few years, they are being performed sparingly in the
United States at the time of this writing. In general, they are approved for patients who
have had facet joint pain diagnosed with dual diagnostic blocks but are not candidates for
radiofrequency ablation. Otherwise, intra-articular facet joint procedures can be utilized
in the case of facet cysts, where rupture or aspiration can be attempted for radicular pain
caused by the cyst impinging on exiting or traversing nerve roots. Several randomized
controlled trials have failed to show a difference between saline, steroids, and anesthetics
injected in facet joints [169–171]. Similarly, one small randomized controlled trial showed
that intra-articular injection of steroids or saline did not result in a change in the need for
eventual radiofrequency ablation [172]. The FACTS study, a double-blinded randomized
controlled trial, found no significant difference for pain relief or functional outcome im-
provements between lumbar facet joint intra-articular injection with steroid or anesthetic or
medial branch block with steroid, anesthetic, or saline for up to 6 months. The study also
concluded that medial branch blocks for anesthetics or steroids did not perform better than
saline [173]. Nonetheless, these procedures have been performed historically, and patients,
anecdotally, have received significant relief, leaving them as a potential treatment option in
the correct clinical context [157,174,175].

7.2.2. Other Posterior Spinal Structures

The posterior ligamentous (interspinous and supraspinous ligaments) and osseous
structures (spinous processes) of the spine are also potential sources of low back pain.
Lumbar spine flexion is resisted by the ligamentum flavum and supraspinous and inter-
spinous ligaments, based on biomechanical studies [176]. Ligamentopathia and sprains
in the interspinous region are common causes of acute low back pain in athletes but can
rarely result in intractable cLBP [177]. This pain is typically induced by lumbar flexion, and
tenderness is elicited specifically in the interspinous region.
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Positional midline back pain with extension has at times been explained by Baastrup’s
disease, or “Kissing spine disease”. This condition was first described by Christian Baastrup,
a Danish radiologist, in 1933, and it is characterized on imaging by contacts between
adjacent lumbar spinous processes causing radiographical findings such as sclerosis and
enlargement and/or flattening of the appositional surfaces. Chronic repetitive stretching
and weakening of the interspinous ligament can result in cyst formation ventrally near the
posterior epidural space. Biomechanically, the interspinous and supraspinous ligaments
that are degenerated in Baastrup’s disease normally contribute significantly to sagittal
alignment [178].

This biomechanical role can be related to the radiographic findings seen in Baastrup’s
disease and the different stages of the lumbar degenerative process with interspinous
bursitis, interspinous fluid clefts, facet and dorsal epidural cysts, intervertebral disc space
narrowing, ligamentous posterior spinal stenosis, and segmental instability with spondy-
lolisthesis [179]. Therefore, Baastrup’s disease may be interpreted as a radiographic entity
as a result of degenerative changes in the spine due to interspinous and supraspinous
ligament mechanical derangements. In patients with “classical” Baastrup’s disease with
midline localized positional low back pain in extension, it is important to consider more
typical causes of pain such as lumbar facet arthropathy, degenerative spondylolisthesis,
and lumbar spinal stenosis.

With both Baastrup’s disease and ligamentous sprains, patients who fail to improve
with conservative care of physical therapy and anti-inflammatory medications may be
considered for interventional management. As this condition was originally described
by relating the process to the spinous processes, treatment consisted of surgical removal
of the spinous processes with inconsistent results. Only 11/64 patients who underwent
this treatment reported pain relief [180]. Case studies have seen patients receive pain
relief after fluoroscopically guided interspinous ligament steroid injections with aspiration
attempted if cystic fluid is seen in the space on MRI [181,182]. If neurogenic claudication or
radiculopathy are the most bothersome symptoms, patients may be considered for surgical
stabilization or decompression [183].

8. Extra-Vertebral Column Pain

Structures further from the axial skeleton, or, more specifically, structures that are not
directly a part of the vertebral column itself, are also common causes of cLBP. Although
the etiology of low back pain can be attributed to numerous non-spinal causes (such as
nephrolithiasis, endometriosis, tumors, etc.), we will focus this review primarily on the
musculoskeletal causes of cLBP [184].

8.1. Sacroiliac Joint

Particularly, the sacroiliac joint is a common culprit of cLBP. The sacroiliac joint is an
irregularly auricular-shaped joint surrounded by ligaments on both anterior and posterior
surfaces. The sacroiliac joint complexes are continuations of the axial spine, continuing
the kinetic chain through the lower extremities, with one of their major functions being
to provide stability [185]. The sacroiliac joint is notorious for mimicking hip or spine
pathology and also commonly arises as a result of hip dysfunction or spinal fusion. The
sacroiliac joint has been estimated to contribute to 10–38% of LBP [186].

The sacroiliac joint can develop pain as a result of arthritis, enthesopathy, fractures, lig-
amentous injuries, and myofascial pain. In the correct clinical context, it may be necessary
to evaluate patients for inflammatory spondyloarthropathies, as the sacroiliac joint is fre-
quently affected in these conditions. Conditions that cause increased stress on the sacroiliac
joint can also cause pain and include leg length discrepancy, abnormal gait, prolonged
intense exercise, spinal deformity, pregnancy, spinal fusion, and hip pathology [187–195].

History and physical exams are vital to establishing a diagnosis of sacroiliac joint pain.
Pain generated by the sacroiliac joint is typically located below the belt line, is aching in
character without paresthesias, and can radiate into the groin or thigh and even beyond
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the knee. The sacroiliac joint can, at times, present with a radicular pattern of pain, which
may be due to an insufficient capsular envelope with extravasation of inflammatory main
mediators toward the dorsal sacral foramina, over the sacral ala to the L5 nerve root sheath,
and ventrally toward the lumbosacral plexus [196]. Slipman et al. investigated referral
patterns of sacroiliac joint pain and concluded that there are at least 18 different patterns
of pain. Buttocks pain was the most common symptom (94%), followed by lower lumbar
pain (72%), and groin pain (14%). Approximately 50% of patients had pain referring to the
lower extremity, typically posterior and lateral thigh pain, but 14% of patients noted pain
to the foot (with distal pain being seen more frequently in younger patients) [197]. Fortin
et al. developed a pain referral map in asymptomatic volunteers after SIJ injection, with a
hypesthetic area being identified as approximately 10 cm caudally and 3 cm laterally from
the posterior superior iliac spine [198]. Therefore, when patients point to this area, it can be
interpreted as a positive Fortin Finger Test [199].

Clinical history may reveal patients complaining of pain that is worse with prolonged
static positions (commonly sitting but also standing or sleeping). Standing with more
weight on one leg than the other may also intensify pain. Physical exam maneuvers aim to
apply various stresses across the sacroiliac joint to provoke pain. Telli et al. investigated the
validity and reliability of provocation tests (distraction test, compression test, thigh thrust
test, sacral thrust test, and flexion abduction external rotation (FABER) test) in 156 patients,
with the criterion being at least three positive provocative tests. Of these, when evaluated
individually, FABER had the highest (91.4%) sensitivity, and the Gaenslen test had the
lowest probability [200]. Schneider et al. evaluated FABER, thigh thrust, Gaenslen’s test,
sacral distraction, lateral compression, and sacral thrust pre- and post-sacroiliac joint
injection in 35 patients. The authors determined that no single exam maneuver had
a positive likelihood ratio greater than 0.67, and the most sensitive tests were FABER
and sacral thrust, while Gaenslen’s and thigh thrust were the least sensitive. They also
determined that increasing the number of positive tests did not improve the diagnostic
power, and the best likelihood ratio was 1.26 for greater than or equal to 5 positive tests, with
no trend toward increasing the number of tests increasing the likelihood otherwise [201]. A
systematic review and meta-analysis evaluated clusters of multiple pain provocation tests
with single or double intra-articular anesthetic injections used as the reference standard
in the included studies. The authors concluded that a positive cluster of provocative
maneuvers can give the clinician 35% certainty of identifying sacroiliac joint pain. The
clinical utility of a physical exam alone may be more pertinent to ruling out sacroiliac joint
pain, as negative test maneuvers can conclude with 92% certainty that a negative test result
is correct [202].

As there is inconsistent evidence for the utility of physical exam maneuvers, and as
ultrasound and landmark-guided injections are not as accurate as injections performed with
fluoroscopic guidance, fluoroscopically guided intra-articular diagnostic blocks remain
the gold standard for the diagnosis of sacroiliac joint mediated pain [203]. Dual blocks
with at least 70% pain relief provide Level II evidence for diagnostic accuracy, while single
blocks with 75% pain relief provide Level III evidence [204,205]. For patients suspected to
have sacroiliac joint pain and who have had inadequate improvement with conservative
management (medications, therapy, osteopathic manipulation, sacroiliac joint belts, etc.),
fluoroscopically guided injections with steroids can be both diagnostic and therapeutic.
Ultrasound and landmark-guided injections can even be effective, as the posterior liga-
mentous complex can be a significant contributor to pain and can be effectively treated
even in the absence of a confirmed intra-articular injection. Fluoroscopically guided steroid
injections have shown significant pain relief and quality of life improvements up to 6
months or longer [206]. Injections of other substances, including dextrose for prolotherapy
and platelet-rich plasma, have been used as potential therapeutic modalities, but limited
data support their use, and there is insufficient evidence to support their use over steroid
injections [207,208]. Radiofrequency ablation of the L4 medial branch, L5 dorsal ramus,
and S1–S3 lateral branches, thought to provide sensation to the dorsal sacroiliac joint,
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has also been used as a treatment. Like the issues regarding facet joint radiofrequency
ablation, the sacroiliac joint radiofrequency ablation procedure has had varying results,
with studies showing limited evidence for its utility, and thus more rigorous studies need to
be conducted to determine its effectiveness [167]. Surgical treatment is indicated in patients
who have had a positive diagnostic response but have failed to obtain prolonged relief from
conservative procedures or have contraindications to their use. Percutaneous arthrodesis
may be a first-line surgical treatment, with open arthrodesis used in cases of revision or
nonunion [186]. Minimally invasive sacroiliac joint fusion provides favorable responsive-
ness in quality of life metrics, pain scores, and overall postoperative outcomes in select
patients and is probably more effective at reducing pain and opioid use when conservative
management is inadequate, although adverse events appear to be higher through 6 months.
Yet, prospective studies without industry influence need to be performed to determine the
optimal treatment for patients with intractable sacroiliac joint pain [209,210].

8.2. Soft Tissue Structures

Finally, we will touch briefly on soft tissues contributing to cLBP. There are numerous
myofascial, tendinous, and ligamentous structures within the low back to which we can
attribute pain in patients. As a rule, we may be suspicious of this type of pain in patients
who have biomechanical imbalances due to the pathology of adjacent areas, patients who
have significant pain with palpation of these structures, or when forces are applied against
these structures with stretching. Although muscular trigger points and tendinosis may
be significant contributors to cLBP, we will focus on two specific etiologies: Maigne’s (or
thoracolumbar junction) syndrome and iliolumbar ligament syndrome.

8.2.1. Maigne’s Syndrome

Maigne’s syndrome is low back pain that is caused by pathology of the thoracolumbar
dorsal ramus, entrapment of the superior cluneal nerve, subostal nerve, or iliohypogastric
nerve at the thoracolumbar junction, and it can also present as pseudosciatica caused by the
thoracolumbar lateral branch nerve [211,212]. Maigne’s syndrome may be underdiagnosed,
as the pain is rarely felt at the thoracolumbar junction but may present in a location similar
to other causes of lumbosacral cLBP. A prospective study of 834 consecutive patients in
a surgical spine clinic determined the incidence of patients with Maigne syndrome to be
14% [213]. Additionally, it has been described that approximately 15–25% of pain in patients
at the posterior iliac crest area results from injury or irritation of the posterior rami at the
thoracolumbar junction due to fracture or degenerative changes, and this pain is often
confused with lumbosacral region pain [214]. Although the exact mechanisms associated
with Maigne’s syndrome remain unclear, it is agreed upon that the thoracolumbar junction
is a transitional segment prone to rotational stresses. Disruption of transitional forces
through the thoracolumbar junction can lead to segmental dysfunction, contributing to the
syndrome [215].

The skin roll, also known as the pinch and roll test, should be used to aid in diagnosis.
The skin is lifted, slightly pinched, and rolled, beginning at the flank and proceeding
medially and inferiorly to the sacrum. If the patient responds sensitively to pain along
the distribution of the above-mentioned nerves, the facet joints at the thoracolumbar
junction should be palpated. Tenderness at the facet joints indicates a diagnosis of Maigne
syndrome. The examiner also compares each side and notes where the skin is rolled more
heavily [216,217].

Treatment involves the typical conservative management options for cLBP, including
physical therapy and exercise programs, medications, spinal manipulative therapy, and
acupuncture. If this fails, more invasive treatment options include ultrasound guided
neural blocks, facet joint blocks, percutaneous rhizotomy, electrocoagulation, and surgical
release of nerves [218].
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8.2.2. Iliolumbar Ligament Pain

The iliolumbar ligament is a ligamentous band that connects the transverse processes
of the L4 and L5 vertebrae to the ilium on the same side and is an evolutionarily critical
structure that allows for erect posture and bipedal movement [219,220].

Repetitive occupational microtrauma, acute strain, and/or poor posture have been
postulated as possible etiologies for chronic iliolumbar syndrome [221]. As this structure
inhibits sacral flexion, movements causing flexion strains in the sacrum may reproduce
pain. Pain would be expected anatomically between the lower lumbar vertebrae and the
ilium [222]. Likewise, tension is applied to the iliolumbar ligament via anteflexion and
contralateral lateroflexion-rotation, which can reproduce painful symptomatology at the
posteromedial iliac crest [223].

Suspicion for iliolumbar ligament pain can be increased when ultrasound reveals
ligament thickening of 2 mm or greater at the posterosuperior iliac spine level, especially
in the absence of X-ray or MRI evidence of other significant pathology (although the
iliolumbar ligament may play a more important role in prohibiting anterior translation of
the L5 vertebrae in the presence of spondylosis in this area). Anesthetic ultrasound-guided
injections can aid in diagnosis and management [224].

8.2.3. Spinal Segmental Instability and Muscular Dysfunction

Finally, altered back muscle structure and function are highly prevalent in patients
with cLBP, particularly in the spinal extensor muscles: the lumbar multifidus and erector
spinae [225]. The multifidus is the most medial lumbar spine muscle, with short, deep
fibers that span two intervertebral segments and superficial muscles that span three to five
vertebral segments [226]. The erector spinae is located laterally and consists of the lumbar
and thoracic longissimus and iliocostalis muscle thoracic portions [226]. Extensive changes
in back muscle structure and function are seen in patients with cLBP, such as a smaller
cross-sectional area, fatty infiltration, and potentially increased type II muscle fiber types
(seen in patients who were scheduled for spinal surgery) [227]. These changes can lead to
impaired sensorimotor control and dysfunctional movements of the spine, which contribute
to impaired stabilization and ultimately cLBP as they are instrumental in maintaining a
pain-free range of motion, providing segmental stability in response to anticipated changes
in posture, and protecting against sudden perturbations [228].

In regards to physical therapy for the above-mentioned nociceptive pain mechanisms
mentioned throughout this review, specific exercises targeting the back muscles are prob-
ably more effective for these patients with cLBP of nociceptive origin [229]. Likewise,
as interventions limited to back muscle exercises have been shown to improve pain and
disability, this is likely an unideal treatment alone, and cLBP treatment must be multidimen-
sional, taking into account the complex biopsychosocial environment surrounding chronic
pain [230]. Back muscle dysfunction is not uniform, and treatment within this heterogenous
group must depend on a thorough patient history and clinical examination. Similar to other
neuromuscular disorders, impaired neuromuscular control can be seen as a consequence of
derangement or injury of spinal structures, and activating these muscles can be difficult to
achieve voluntarily [231]. Performing specific sensorimotor exercises at the initial stages
of an exercise program may be useful to optimize specific muscle activation patterns and
progress towards back muscle endurance and strength training [229].

9. Conclusions

Despite improvements in specialized spine care, history, diagnosis, and management
remain challenging. A thorough knowledge of the differential diagnoses, their typical
presentation, and imaging findings can aid in suspecting certain etiologies. When a specific
condition is believed to be contributing to a patient’s symptoms, careful selection and
execution of physical exam maneuvers, along with diagnostic procedures, can help confirm
an appropriate diagnosis and guide treatment.



Life 2024, 14, 812 19 of 27

Author Contributions: Writing original draft preparation T.F. and J.S.; writing-review and editing
T.F., J.S., K.G. and R.D.; Conceptualization and supervision: K.G. and R.D. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

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

References
1. Maher, C.; Underwood, M.; Buchbinder, R. Non-specific low back pain. Lancet 2017, 389, 736–747. [CrossRef] [PubMed]
2. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and national incidence, prevalence, and

years lived with disability for 354 diseases and injuries for 195 countries and territories, 1990–2017: A systematic analysis for the
Global Burden of Disease Study 2017. Lancet 2018, 392, 1789–1858, Erratum in: Lancet 2019, 393, e44. https://doi.org/10.1016/S0
140-6736(19)31047-5. [CrossRef] [PubMed] [PubMed Central]

3. Foster, N.E.; Anema, J.R.; Cherkin, D.; Chou, R.; Cohen, S.P.; Gross, D.P.; Ferreira, P.H.; Fritz, J.M.; Koes, B.W.; Peul, W.; et al.
Prevention and treatment of low back pain: Evidence, challenges, and promising directions. Lancet 2018, 391, 2368–2383. [CrossRef]
[PubMed]

4. Agence Nationale d’Accréditation et d’Evaluation en Santé. Diagnostic, Prise en Charge et Suivi des Malades Atteints de Lombalgie
Chronique; ANAES: Paris, France, 2000.

5. Manchikanti, L.; Boswell, M.V.; Singh, V.; Benyamin, R.M.; Fellows, B.; Abdi, S.; Buenaventura, R.M.; Conn, A.; Datta, S.;
Derby, R.; et al. Comprehensive evidence-based guidelines for interventional techniques in the management of chronic spinal
pain. Pain Physician 2009, 12, 699–802. [CrossRef] [PubMed]

6. Dillane, J.B.; Fry, J.; Kalton, G. Acute back syndrome: A study from general practice. Br. Med. J. 1966, 2, 82–84. [CrossRef]
[PubMed]

7. Knezevic, N.N.; Candido, K.D.; Vlaeyen, J.W.S.; Van Zundert, J.; Cohen, S.P. Low back pain. Lancet 2021, 398, 78–92. [CrossRef]
[PubMed]

8. Barrey, C.Y.; Le Huec, J.C.; French Society for Spine Surgery. Chronic low back pain: Relevance of a new classification based on
the injury pattern. Orthop. Traumatol. Surg. Res. 2019, 105, 339–346. [CrossRef] [PubMed]

9. Deyo, R.A.; Diehl, A.K. Cancer as a cause of back pain: Frequency, clinical presentation, and diagnostic strategies. J. Gen. Intern.
Med. 1988, 3, 230–238. [CrossRef] [PubMed]

10. Verhagen, A.P.; Downie, A.; Popal, N.; Maher, C.; Koes, B.W. Red flags presented in current low back pain guidelines: A review.
Eur. Spine J. 2016, 25, 2788–2802. [CrossRef]

11. Carragee, E.J.; Hannibal, M. Diagnostic evaluation of low back pain. Orthop. Clin. N. Am. 2004, 35, 7–16. [CrossRef]
12. Kendall, N.A.; Linton, S.J.; Main, C.J. Guide to Assessing Psychosocial Yellow Flags in Acute Low Back Pain: Risk Factors for Long-Term

Disability and Work Loss; Accident Rehabilitation and Compensation Insurance Corporation of New Zealand and the National
Health Committee: Wellington, New Zealand, 1997.

13. Pinheiro, M.B.; Ferreira, M.L.; Refshauge, K.; Maher, C.G.; Ordoñana, J.R.; Andrade, T.B.; Tsathas, A.; Ferreira, P.H. Symptoms
of depression as a prognostic factor for low back pain: A systematic review. Spine J. Off. J. N. Am. Spine Soc. 2016, 16, 105–116.
[CrossRef]

14. Kreiner, D.S.; Matz, P.; Bono, C.M.; Cho, C.H.; Easa, J.E.; Ghiselli, G.; Ghogawala, Z.; Reitman, C.A.; Resnick, D.K.; Watters, W.C.; et al.
Guideline summary review: An evidence-based clinical guideline for the diagnosis and treatment of low back pain. Spine J. 2020, 20,
998–1024, Erratum in Spine J. 2021, 21, 726–727. https://doi.org/10.1016/j.spinee.2021.02.006. [CrossRef]

15. Airaksinen, O.; Brox, J.I.; Cedraschi, C.; Hildebrandt, J.; Klaber-Moffett, J.; Kovacs, F.; Mannion, A.F.; Reis, S.; Staal, J.B.;
Ursin, H.; et al. Chapter 4. European guidelines for the management of chronic nonspecific low back pain. Eur. Spine J. 2006,
15 (Suppl. S2), S192–S300. [CrossRef] [PubMed]

16. Raja, S.N.; Carr, D.B.; Cohen, M.; Finnerup, N.B.; Flor, H.; Gibson, S.; Keefe, F.J.; Mogil, J.S.; Ringkamp, M.; Sluka, K.A.; et al.
The revised International Association for the Study of Pain definition of pain: Concepts, challenges, and compromises. Pain 2020,
161, 1976–1982. [CrossRef]

17. Linton, S.J.; Shaw, W.S. Impact of Psychological Factors in the Experience of Pain. Phys. Ther. 2011, 91, 700–711. [CrossRef]
18. Bener, A.; El-Rufaie, O.F.; Kamran, S.; Georgievski, A.B.; Farooq, A.; Rysavy, M. Disability, depression and somatization in low

back pain population. Int. J. Rheum. Dis. 2006, 9, 257–263. [CrossRef]
19. Magni, G.; Caldieron, C.; Rigatti-Luchini, S.; Merskey, H. Chronic musculoskeletal pain and depressive symptoms in the general

population. An analysis of the 1st National Health and Nutrition Examination Survey data. Pain 1990, 43, 299–307. [CrossRef]
20. He, C.; Chen, H.; Guo, L.; Xu, L.; Liu, Q.; Zhang, J.; Hu, X. Prevalence and factors associated with comorbid depressive symptoms

among people with low back pain in China: A cross-sectional study. Front. Psychiatry 2022, 13, 922733. [CrossRef] [PubMed]
21. Park, S.M.; Kim, H.J.; Jang, S.; Kim, H.; Chang, B.S.; Lee, C.K.; Yeom, J.S. Depression is Closely Associated With Chronic Low Back

Pain in Patients Over 50 Years of Age: A Cross-sectional Study Using the Sixth Korea National Health and Nutrition Examination
Survey (KNHANES VI-2). Spine 2018, 43, 1281–1288. [CrossRef] [PubMed]

https://doi.org/10.1016/S0140-6736(16)30970-9
https://www.ncbi.nlm.nih.gov/pubmed/27745712
https://doi.org/10.1016/S0140-6736(19)31047-5
https://doi.org/10.1016/S0140-6736(19)31047-5
https://doi.org/10.1016/S0140-6736(18)32279-7
https://www.ncbi.nlm.nih.gov/pubmed/30496104
https://www.ncbi.nlm.nih.gov/pmc/PMC6227754
https://doi.org/10.1016/S0140-6736(18)30489-6
https://www.ncbi.nlm.nih.gov/pubmed/29573872
https://doi.org/10.36076/ppj.2009/12/699
https://www.ncbi.nlm.nih.gov/pubmed/19644537
https://doi.org/10.1136/bmj.2.5505.82
https://www.ncbi.nlm.nih.gov/pubmed/20791052
https://doi.org/10.1016/S0140-6736(21)00733-9
https://www.ncbi.nlm.nih.gov/pubmed/34115979
https://doi.org/10.1016/j.otsr.2018.11.021
https://www.ncbi.nlm.nih.gov/pubmed/30792166
https://doi.org/10.1007/BF02596337
https://www.ncbi.nlm.nih.gov/pubmed/2967893
https://doi.org/10.1007/s00586-016-4684-0
https://doi.org/10.1016/S0030-5898(03)00099-3
https://doi.org/10.1016/j.spinee.2015.10.037
https://doi.org/10.1016/j.spinee.2021.02.006
https://doi.org/10.1016/j.spinee.2020.04.006
https://doi.org/10.1007/s00586-006-1072-1
https://www.ncbi.nlm.nih.gov/pubmed/16550448
https://doi.org/10.1097/j.pain.0000000000001939
https://doi.org/10.2522/ptj.20100330
https://doi.org/10.1111/j.1479-8077.2006.00210.x
https://doi.org/10.1016/0304-3959(90)90027-B
https://doi.org/10.3389/fpsyt.2022.922733
https://www.ncbi.nlm.nih.gov/pubmed/35958630
https://doi.org/10.1097/BRS.0000000000002595
https://www.ncbi.nlm.nih.gov/pubmed/29462063


Life 2024, 14, 812 20 of 27

22. Fernandez, M.; Colodro-Conde, L.; Hartvigsen, J.; Ferreira, M.L.; Refshauge, K.M.; Pinheiro, M.B.; Ordoñana, J.R.; Ferreira, P.H.
Chronic low back pain and the risk of depression or anxiety symptoms: Insights from a longitudinal twin study. Spine J. 2017, 17,
905–912. [CrossRef]

23. Hurwitz, E.L.; Morgenstern, H.; Yu, F. Cross-sectional and longitudinal associations of low-back pain and related disability with
psychological distress among patients enrolled in the UCLA Low-Back Pain Study. J. Clin. Epidemiol. 2003, 56, 463–471. [CrossRef]
[PubMed]

24. Yang, H.; Hurwitz, E.L.; Li, J.; de Luca, K.; Tavares, P.; Green, B.; Haldeman, S. Bidirectional Comorbid Associations between Back
Pain and Major Depression in US Adults. Int. J. Environ. Res. Public Health 2023, 20, 4217. [CrossRef]

25. Corrêa, L.A.; Mathieson, S.; Meziat-Filho, N.A.M.; Reis, F.J.; Ferreira, A.S.; Nogueira, L.A.C. Which psychosocial factors are
related to severe pain and functional limitation in patients with low back pain? Psychosocial factors related to severe low back
pain. Braz. J. Phys. Ther. 2022, 26, 100413. [CrossRef] [PubMed]

26. Akhtar, E.; Ballew, A.T.; Orr, W.N.; Mayorga, A.; Khan, T.W. The Prevalence of Post-Traumatic Stress Disorder Symptoms in
Chronic Pain Patients in a Tertiary Care Setting: A Cross-Sectional Study. Psychosomatics 2019, 60, 255–262. [CrossRef] [PubMed]

27. Valat, J.P.; Goupille, P.; Védere, V. Low back pain: Risk factors for chronicity. Rev. Rhum. Engl. Ed. 1997, 64, 189–194. [PubMed]
28. Ochsmann, E.B.; Rueger, H.; Letzel, S.; Drexler, H.; Muenster, E. Over-indebtedness and its association with the prevalence of

back pain. BMC Public Health 2009, 9, 451. [CrossRef] [PubMed]
29. Department of Health Human Services FDA Center for Drug Evaluation Research; U.S. Department of Health Human Services

FDA Center for Biologics Evaluation Research; U.S. Department of Health Human Services FDA Center for Devices Radiological
Health. Guidance for industry: Patient-reported outcome measures: Use in medical product development to support labeling
claims: Draft guidance. Health Qual. Life Outcomes 2006, 4, 79. [CrossRef]

30. Thigpen, C.; Shanley, E. Clinical assessment of upper extremity injury outcomes. J. Sport Rehabil. 2011, 20, 61–73. [CrossRef]
31. Verbunt, J.A.; Westerterp, K.R.; van der Heijden, G.J.; Seelen, H.A.; Vlaeyen, J.W.; Knottnerus, J.A. Physical activity in daily life in

patients with chronic low back pain. Arch. Phys. Med. Rehabil. 2001, 82, 726–730. [CrossRef]
32. van Weering, M.G.; Vollenbroek-Hutten, M.M.; Tönis, T.M.; Hermens, H.J. Daily physical activities in chronic lower back pain

patients assessed with accelerometry. Eur. J. Pain 2009, 13, 649–654. [CrossRef]
33. Citko, A.; Górski, S.; Marcinowicz, L.; Górska, A. Sedentary Lifestyle and Nonspecific Low Back Pain in Medical Personnel in

North-East Poland. BioMed Res. Int. 2018, 2018, 1965807. [CrossRef]
34. Björck-van Dijken, C.; Fjellman-Wiklund, A.; Hildingsson, C. Low back pain, lifestyle factors and physical activity: A population

based-study. J. Rehabil. Med. 2008, 40, 864–869. [CrossRef] [PubMed]
35. Pinto, R.Z.; Ferreira, P.H.; Kongsted, A.; Ferreira, M.L.; Maher, C.G.; Kent, P. Self-reported moderate-to-vigorous leisure time

physical activity predicts less pain and disability over 12 months in chronic and persistent low back pain. Eur. J. Pain 2014, 18,
1190–1198. [CrossRef] [PubMed]

36. Mikkelsson, L.O.; Nupponen, H.; Kaprio, J.; Kautiainen, H.; Mikkelsson, M.; Kujala, U.M. Adolescent flexibility, endurance
strength, and physical activity as predictors of adult tension neck, low back pain, and knee injury: A 25 year follow up study. Br.
J. Sports Med. 2006, 40, 107–113. [CrossRef] [PubMed]

37. Lin, C.C.; McAuley, J.H.; Macedo, L.; Barnett, D.C.; Smeets, R.J.; Verbunt, J.A. Relationship between physical activity and disability
in low back pain: A systematic review and meta-analysis. Pain 2011, 152, 607–613. [CrossRef] [PubMed]

38. Griffin, D.W.; Harmon, D.C.; Kennedy, N.M. Do patients with chronic low back pain have an altered level and/or pattern of
physical activity compared to healthy individuals? A systematic review of the literature. Physiotherapy 2012, 98, 13–23. [CrossRef]
[PubMed]

39. Ryan, C.G.; Grant, P.M.; Dall, P.M.; Gray, H.; Newton, M.; Granat, M.H. Individuals with chronic low back pain have a lower
level, and an altered pattern, of physical activity compared with matched controls: An observational study. Aust. J. Physiother.
2009, 55, 53–58. [CrossRef] [PubMed]

40. Spenkelink, C.D.; Hutten, M.M.; Hermens, H.J.; Greitemann, B.O. Assessment of activities of daily living with an ambulatory
monitoring system: A comparative study in patients with chronic low back pain and nonsymptomatic controls. Clin. Rehabil.
2002, 16, 16–26. [CrossRef] [PubMed]

41. Bahouq, H.; Allali, F.; Rkain, H.; Hmamouchi, I.; Hajjaj-Hassouni, N. Prevalence and severity of insomnia in chronic low back
pain patients. Rheumatol. Int. 2013, 33, 1277–1281. [CrossRef]

42. Alsaadi, S.M.; McAuley, J.H.; Hush, J.M.; Maher, C.G. Prevalence of sleep disturbance in patients with low back pain. Eur. Spine J.
2011, 20, 737–743, Erratum in Eur. Spine J. 2012, 21, 554–560. https://doi.org/10.1007/s00586-011-1954-8. [CrossRef]

43. Kelly, G.A.; Blake, C.; Power, C.K.; O’keeffe, D.; Fullen, B.M. The association between chronic low back pain and sleep:
A systematic review. Clin. J. Pain 2011, 27, 169–181. [CrossRef]

44. Alsaadi, S.M.M.; McAuley, J.H.; Hush, J.M.; Lo, S.; Bartlett, D.J.; Grunstein, R.R.; Maher, C.G. The bidirectional relationship
between pain intensity and sleep disturbance/quality in patients with low back pain. Clin. J. Pain 2014, 30, 755–765. [CrossRef]

45. Skarpsno, E.S.; Mork, P.J.; Nilsen, T.I.L.; Nordstoga, A.L. Influence of sleep problems and co-occurring musculoskeletal pain on
long-term prognosis of chronic low back pain: The HUNT Study. J. Epidemiol. Community Health 2020, 74, 283–289. [CrossRef]

46. Sribastav, S.S.; Long, J.; He, P.; He, W.; Ye, F.; Li, Z.; Wang, J.; Liu, H.; Wang, H.; Zheng, Z. Risk Factors Associated with Pain
Severity in Patients with Non-specific Low Back Pain in Southern China. Asian Spine J. 2018, 12, 533–543. [CrossRef]

https://doi.org/10.1016/j.spinee.2017.02.009
https://doi.org/10.1016/S0895-4356(03)00010-6
https://www.ncbi.nlm.nih.gov/pubmed/12812821
https://doi.org/10.3390/ijerph20054217
https://doi.org/10.1016/j.bjpt.2022.100413
https://www.ncbi.nlm.nih.gov/pubmed/35489300
https://doi.org/10.1016/j.psym.2018.07.012
https://www.ncbi.nlm.nih.gov/pubmed/30143327
https://www.ncbi.nlm.nih.gov/pubmed/9090769
https://doi.org/10.1186/1471-2458-9-451
https://www.ncbi.nlm.nih.gov/pubmed/19961624
https://doi.org/10.1186/1477-7525-4-79
https://doi.org/10.1123/jsr.20.1.61
https://doi.org/10.1053/apmr.2001.23182
https://doi.org/10.1016/j.ejpain.2008.07.005
https://doi.org/10.1155/2018/1965807
https://doi.org/10.2340/16501977-0273
https://www.ncbi.nlm.nih.gov/pubmed/19242625
https://doi.org/10.1002/j.1532-2149.2014.00468.x
https://www.ncbi.nlm.nih.gov/pubmed/24577780
https://doi.org/10.1136/bjsm.2004.017350
https://www.ncbi.nlm.nih.gov/pubmed/16431995
https://doi.org/10.1016/j.pain.2010.11.034
https://www.ncbi.nlm.nih.gov/pubmed/21251757
https://doi.org/10.1016/j.physio.2011.04.350
https://www.ncbi.nlm.nih.gov/pubmed/22265381
https://doi.org/10.1016/S0004-9514(09)70061-3
https://www.ncbi.nlm.nih.gov/pubmed/19226242
https://doi.org/10.1191/0269215502cr463oa
https://www.ncbi.nlm.nih.gov/pubmed/11841065
https://doi.org/10.1007/s00296-012-2550-x
https://doi.org/10.1007/s00586-011-1954-8
https://doi.org/10.1007/s00586-010-1661-x
https://doi.org/10.1097/AJP.0b013e3181f3bdd5
https://doi.org/10.1097/AJP.0000000000000055
https://doi.org/10.1136/jech-2019-212734
https://doi.org/10.4184/asj.2018.12.3.533


Life 2024, 14, 812 21 of 27

47. Ditre, J.W.; Heckman, B.W.; LaRowe, L.R.; Powers, J.M. Pain Status as a Predictor of Smoking Cessation Initiation, Lapse, and
Relapse. Nicotine Tob. Res. 2021, 23, 186–194. [CrossRef]

48. Jacob, L.; Freyn, M.; Kalder, M.; Dinas, K.; Kostev, K. Impact of tobacco smoking on the risk of developing 25 different cancers in
the UK: A retrospective study of 422,010 patients followed for up to 30 years. Oncotarget 2018, 9, 17420–17429. [CrossRef]

49. McDaniel, J.C.; Browning, K.K. Smoking, chronic wound healing, and implications for evidence-based practice. J. Wound Ostomy
Cont. Nurs. 2014, 41, 415–423. [CrossRef]

50. Akmal, M.; Kesani, A.; Anand, B.; Singh, A.; Wiseman, M.; Goodship, A. Effect of nicotine on spinal disc cells: A cellular
mechanism for disc degeneration. Spine 2004, 29, 568–575. [CrossRef]

51. Di Cesare, M.; Perel, P.; Taylor, S.; Kabudula, C.; Bixby, H.; Gaziano, T.A.; McGhie, D.V.; Mwangi, J.; Pervan, B.; Narula, J.; et al.
The Heart of the World. Glob. Heart. 2024, 19, 11. [CrossRef]

52. Roth, G.A.; Mensah, G.A.; Johnson, C.O.; Addolorato, G.; Ammirati, E.; Baddour, L.M.; Barengo, N.C.; Beaton, A.Z.; Benjamin, E.J.;
Benziger, C.P.; et al. Global Burden of Cardiovascular Diseases and Risk Factors, 1990–2019: Update From the GBD 2019 Study.
J. Am. Coll. Cardiol. 2020, 76, 2982–3021, Erratum in J. Am. Coll. Cardiol. 2021, 77, 1958–1959. [CrossRef]

53. Gaziano, T.; Reddy, K.S.; Paccaud, F.; Horton, S.; Chaturvedi, V. Cardiovascular Disease. In Disease Control Priorities in Developing
Countries, 2nd ed.; Jamison, D.T., Breman, J.G., Measham, A.R., Alleyne, G., Claeson, M., Evans, D.B., Jha, P., Mills, A.,
Musgrove, P., Eds.; The International Bank for Reconstruction and Development/The World Bank: Washington, DC, USA, 2006;
Chapter 33. Available online: https://www.ncbi.nlm.nih.gov/books/NBK11767/ (accessed on 13 June 2024).

54. Amini, M.; Zayeri, F.; Salehi, M. Trend analysis of cardiovascular disease mortality, incidence, and mortality-to-incidence ratio:
Results from global burden of disease study 2017. BMC Public Health 2021, 21, 401. [CrossRef]

55. Oliveira, C.B.; Maher, C.G.; Franco, M.R.; Kamper, S.J.; Williams, C.; Silva, F.G.; Pinto, R.Z. Co-occurrence of chronic muscu-
loskeletal pain and cardiovascular diseases: A systematic review with meta-analysis. Pain Med. 2020, 21, 1106–1121. [CrossRef]

56. Zhu, K.; Devine, A.; Dick, I.M.; Prince, R.L. Association of back pain frequency with mortality, coronary heart events, mobility,
and quality of life in elderly women. Spine 2007, 32, 2012–2018. [CrossRef]

57. Shcherbina, A.; Longacre, M. The Association Between Atherosclerosis and Low Back Pain: A Systematic Review. PM&R 2017, 9,
1144–1156.

58. Goodlin, S.J.; Wingate, S.; Albert, N.M.; Pressler, S.J.; Houser, J.; Kwon, J.; Chiong, J.; Storey, C.P.; Quill, T.; Teerlink, J.R.
Investigating Pain in Heart Failure Patients: The Pain Assessment, Incidence, and Nature in Heart Failure (PAIN-HF) Study. J.
Card. Fail. 2012, 18, 776–783. [CrossRef]

59. Chen, J.; Zhang, Y.; Simonsick, E.; Starkweather, A.; Chen, M.-H.; McCauley, P.; Chyun, D.; Cong, X. Back pain and heart failure in
community-dwelling older adults: Findings from the Health ABC study. Geriatr. Nurs. 2021, 42, 643–649. [CrossRef]

60. Samartzis, D.; Bow, C.; Karppinen, J.; Luk, K.D.K.; Cheung, B.M.Y.; Cheung, K.M.C. Hypertension is independently associated
with lumbar disc degeneration: A large-scale population-based study. Glob. Spine J. Conf. World Forum Spine Res. 2014, 4,
s-0034-1376579. [CrossRef]

61. Leino-Arjas, P.; Kaila-Kangas, L.; Solovieva, S.; Riihimäki, H.; Kirjonen, J.; Reunanen, A. Serum lipids and low back pain:
An association? A follow-up study of a working population sample. Spine 2006, 31, 1032–1037. [CrossRef]

62. Leino-Arjas, P.; Solovieva, S.; Kirjonen, J.; Reunanen, A.; Riihimaki, H. Cardiovascular risk factors and low-back pain in a
long-term follow-up of industrial employees. Scand. J. Work. Environ. Health 2006, 32, 12–19. [CrossRef]

63. Zhang, T.T.; Liu, Z.; Liu, Y.L.; Zhao, J.J.; Liu, D.W.; Tian, Q.B. Obesity as a Risk Factor for Low Back Pain: A Meta-Analysis. Clin.
Spine Surg. 2018, 31, 22–27. [CrossRef]

64. Peng, T.; Perez, A.; Pettee Gabriel, K. The Association among Over weight, Obesity, and Low Back Pain in U.S. Adults:
A Cross-Sectional Study of the 2015 National Health Interview Survey. J. Manip. Physiol. Ther. 2018, 41, 294–303. [CrossRef]
[PubMed]

65. Pozzobon, D.; Ferreira, P.H.; Dario, A.B.; Almeida, L.; Vesentini, G.; Harmer, A.R.; Ferreira, M.L. Is there an association between
diabetes and neck and back pain? A systematic review with meta-analyses. PLoS ONE 2019, 14, e0212030. [CrossRef] [PubMed]

66. Park, C.H.; Min, K.B.; Min, J.Y.; Kim, D.H.; Seo, K.M.; Kim, D.K. Strong association of type 2 diabetes with degenerative lumbar
spine disorders. Sci. Rep. 2021, 11, 16472. [CrossRef] [PubMed]

67. Vogt, M.T.; Nevitt, M.C.; Cauley, J.A. Back problems and atherosclerosis. The Study of Osteoporotic Fractures. Spine 1997, 22,
2741–2747. [CrossRef] [PubMed]

68. Smith, D.; Wilkie, R.; Croft, P.; McBeth, J. Pain and mortality in older adults: The influence of pain phenotype. Arthritis Care Res.
2017, 70, 236–243. [CrossRef] [PubMed]

69. Celano, C.M.; Villegas, A.C.; Albanese, A.M.; Gaggin, H.K.; Huffman, J.C. Depression and Anxiety in Heart Failure: A Review.
Harv. Rev. Psychiatry 2018, 26, 175–184. [CrossRef] [PubMed]

70. Rutledge, T.; Reis, V.A.; Linke, S.E.; Greenberg, B.H.; Mills, P.J. Depression in Heart Failure. A Meta-Analytic Review of Prevalence,
Intervention Effects, and Associations with Clinical Outcomes. J. Am. Coll. Cardiol. 2006, 48, 1527–1537. [CrossRef] [PubMed]

71. Conley, S.; Feder, S.; Redeker, N.S. The relationship between pain, fatigue, depression and functional performance in stable heart
failure. Hear. Lung 2015, 44, 107–112. [CrossRef] [PubMed]

72. Whooley, M.A.; de Jonge, P.; Vittinghoff, E.; Otte, C.; Moos, R.; Carney, R.M.; Ali, S.; Dowray, S.; Na, B.; Feldman, M.D.; et al.
Depressive symptoms, health behaviors, and risk of cardiovascular events in patients with coronary heart disease. JAMA 2008,
300, 2379–2388. [CrossRef]

https://doi.org/10.1093/ntr/ntaa111
https://doi.org/10.18632/oncotarget.24724
https://doi.org/10.1097/WON.0000000000000057
https://doi.org/10.1097/01.BRS.0000101422.36419.D8
https://doi.org/10.5334/gh.1288
https://doi.org/10.1016/j.jacc.2020.11.010
https://www.ncbi.nlm.nih.gov/books/NBK11767/
https://doi.org/10.1186/s12889-021-10429-0
https://doi.org/10.1093/pm/pnz217
https://doi.org/10.1097/BRS.0b013e318133fb82
https://doi.org/10.1016/j.cardfail.2012.07.007
https://doi.org/10.1016/j.gerinurse.2021.03.016
https://doi.org/10.1055/s-0034-1376579
https://doi.org/10.1097/01.brs.0000214889.31505.08
https://doi.org/10.5271/sjweh.971
https://doi.org/10.1097/BSD.0000000000000468
https://doi.org/10.1016/j.jmpt.2017.10.005
https://www.ncbi.nlm.nih.gov/pubmed/29459122
https://doi.org/10.1371/journal.pone.0212030
https://www.ncbi.nlm.nih.gov/pubmed/30789940
https://doi.org/10.1038/s41598-021-95626-y
https://www.ncbi.nlm.nih.gov/pubmed/34389750
https://doi.org/10.1097/00007632-199712010-00008
https://www.ncbi.nlm.nih.gov/pubmed/9431608
https://doi.org/10.1002/acr.23268
https://www.ncbi.nlm.nih.gov/pubmed/28589671
https://doi.org/10.1097/HRP.0000000000000162
https://www.ncbi.nlm.nih.gov/pubmed/29975336
https://doi.org/10.1016/j.jacc.2006.06.055
https://www.ncbi.nlm.nih.gov/pubmed/17045884
https://doi.org/10.1016/j.hrtlng.2014.07.008
https://www.ncbi.nlm.nih.gov/pubmed/25576085
https://doi.org/10.1001/jama.2008.711


Life 2024, 14, 812 22 of 27

73. Pantilat, S.Z.; Riordan, D.L.O.; Rathfon, M.A. Etiology of Pain and Its Association with Quality of Life among Patients with Heart
Failure. J. Palliat. Med. 2016, 19, 1254–1259. [CrossRef]

74. Kauppila, L.I.; Mikkonen, R.; Mankinen, P.; Pelto-Vasenius, K.; Maenpaa, I. MR aortography and serum cholesterol levels in
patients with long-term nonspecific lower back pain. Spine 2004, 29, 2147–2152. [CrossRef] [PubMed]

75. Turgut, A.T.; Sonmez, I.; Cakit, B.D.; Kosar, P.; Kosar, U. Pineal gland calcification, lumbar intervertebral disc degeneration
and abdominal aorta calcifying atherosclerosis correlate in low back pain subjects: A cross-sectional observational CT study.
Pathophysiology 2008, 15, 31–39. [CrossRef] [PubMed]

76. Kearney, P.M.; Baigent, C.; Godwin, J.; Halls, H.; Emberson, J.R.; Patrono, C. Do selective cyclo-oxygenase-2 inhibitors and
traditional non-steroidal anti-inflammatory drugs increase the risk of atherothrombosis? Meta-analysis of randomised trials. BMJ
2006, 332, 1302–1308. [CrossRef] [PubMed]

77. Cannon, C.P.; Curtis, S.P.; FitzGerald, G.A. Cardiovascular outcomes with etoricoxib and diclofenac in patients with osteoarthritis
and rheumatoid arthritis in the Multinational Etoricoxib and Diclofenac Arthritis Long-term (MEDAL) programme: A randomised
comparison. Lancet 2006, 368, 1771–1781. [CrossRef] [PubMed]

78. Silverstein, F.E.; Faich, G.; Goldstein, J.L.; Simon, L.S. Gastrointestinal toxicity with celecoxib vs. nonsteroidal anti-inflammatory
drugs for osteoarthritis and rheumatoid arthritis: The CLASS Study: A randomized controlled trial. JAMA 2000, 284, 1247–1255.
[CrossRef] [PubMed]

79. Chan, T.Y. Adverse interactions between warfarin and nonsteroidal antiinflammatory drugs: Mechanisms, clinical significance,
and avoidance. Ann. Pharmacother. 1995, 29, 1274–1283. [CrossRef] [PubMed]

80. Gary, R.A.; Dunbar, S.B.; Higgins, M.K.; Musselman, D.L.; Smith, A.L. Combined exercise and cognitive behavioral therapy
improves outcomes in patients with heart failure. J. Psychosom. Res. 2010, 69, 119–131. [CrossRef]

81. Helliwell, P.S.; Zebouni, L.N.; Porter, G.; Wright, V. A clinical and radiological study of back pain in rheumatoid arthritis. Br. J.
Rheumatol. 1993, 32, 216–221. [CrossRef] [PubMed]

82. Baykara, R.A.; Bozgeyik, Z.; Akgul, O.; Ozgocmen, S. Low back pain in patients with rheumatoid arthritis: Clinical characteristics
and impact of low back pain on functional ability and health related quality of life. J. Back Musculoskelet. Rehabil. 2013, 26, 367–374.
[CrossRef]

83. Kothe, R.; Kohlmann, T.; Klink, T.; Rüther, W.; Klinger, R. Impact of low back pain on functional limitations, depressed mood and
quality of life in patients with rheumatoid arthritis. Pain 2007, 127, 103–108. [CrossRef]

84. Miura, K.; Morita, O.; Hirano, T.; Watanabe, K.; Fujisawa, J.; Kondo, N.; Netsu, T.; Hanyu, T.; Shobugawa, Y.; Endo, N. Prevalence
of and factors associated with dysfunctional low back pain in patients with rheumatoid arthritis. Eur. Spine J. 2019, 28, 976–982.
[CrossRef]

85. Van Der Heijde, D.; Landewe, R.; Van Vollenhoven, R.; Fatenejad, S.; Klareskog, L. Level of radiographic damage and radiographic
progression are determinants of physical function: A longitudinal analysis of the TEMPO trial. Ann. Rheum. Dis. 2008, 67,
1267–1270. [CrossRef]

86. Wang, R.; Ward, M.M. Epidemiology of axial spondyloarthritis: An update. Curr. Opin. Rheumatol. 2018, 30, 137–143. [CrossRef]
[PubMed]

87. Winkler, A.E.; Miller, M. Update on Axial Spondyloarthritis. Mo. Med. 2022, 119, 79–83.
88. Chen, S.; Liao, M.; Li, J.; Peng, H.; Xiong, M. The correlation between microvessel pathological changes of the endplate and

degeneration of the intervertebral disc in diabetic rats. Exp. Ther. Med. 2013, 5, 711–717. [CrossRef]
89. Poddubnyy, D.; Rudwaleit, M. Early spondyloarthritis. Rheum. Dis. Clin. N. Am. 2012, 38, 387–403.
90. Dubreuil, M.; Deodhar, A.A. Axial spondyloarthritis classification criteria: The debate continues. Curr. Opin. Rheumatol. 2017, 29,

317–322. [CrossRef]
91. McVeigh, C.M.; Cairns, A.P. Diagnosis and management of ankylosing spondylitis. BMJ 2006, 333, 581–585. [CrossRef]
92. Khan, M.A.B.; Hashim, M.J.; King, J.K.; Govender, R.D.; Mustafa, H.; Al Kaabi, J. Epidemiology of Type 2 Diabetes—Global

Burden of Disease and Forecasted Trends. J. Epidemiol. Glob. Health 2020, 10, 107–111. [CrossRef]
93. Kakadiya, G.; Gandbhir, V.; Soni, Y.; Gohil, K.; Shakya, A. Diabetes Mellitus-A Risk Factor for the Development of Lumbar Disc

Degeneration: A Retrospective Study of an Indian Population. Glob. Spine J. 2022, 12, 215–220. [CrossRef]
94. Arkkila, P.E.; Gautier, J.F. Musculoskeletal disor-ders in diabetes mellitus. Best Pract. Res. Clin. Rheumatol. 2003, 17, 945–970.

[CrossRef] [PubMed]
95. Kong, J.G.; Park, J.B.; Lee, D.; Park, E.Y. Effect of high glucose on stress-induced senescence of nucleus pulposus cells of adult rats.

Asian Spine J. 2015, 9, 155–161. [CrossRef] [PubMed]
96. Van den Brande, R.; Cornips, E.M.; Peeters, M.; Ost, P.; Billiet, C.; Van de Kelft, E. Epidemiology of spinal metastases, metastatic

epidural spinal cord compression and pathologic vertebral compression fractures in patients with solid tumors: A systematic
review. J. Bone Oncol. 2022, 35, 100446. [CrossRef] [PubMed]

97. Perrin, R.G.; Laxton, A.W. Metastatic spine disease: Epidemiology, pathophysiology, and evaluation of patients. Neurosurg. Clin.
N. Am. 2004, 15, 365–373. [CrossRef] [PubMed]

98. Metastatic Spinal Cord Compression: Diagnosis and Management of Patients at Risk of or with Metastatic Spinal Cord Compression;
National Collaborating Centre for Cancer (UK): Cardiff, UK, 2008. [PubMed]

99. Ziu, E.; Viswanathan, V.K.; Mesfin, F.B. Spinal Metastasis. [Updated 14 August 2023]. In StatPearls [Internet]; StatPearls Publishing:
Treasure Island, FL, USA, 2024. Available online: https://www.ncbi.nlm.nih.gov/books/NBK441950/ (accessed on 8 June 2024).

https://doi.org/10.1089/jpm.2016.0095
https://doi.org/10.1097/01.brs.0000141168.77393.b8
https://www.ncbi.nlm.nih.gov/pubmed/15454707
https://doi.org/10.1016/j.pathophys.2007.12.001
https://www.ncbi.nlm.nih.gov/pubmed/18215511
https://doi.org/10.1136/bmj.332.7553.1302
https://www.ncbi.nlm.nih.gov/pubmed/16740558
https://doi.org/10.1016/S0140-6736(06)69666-9
https://www.ncbi.nlm.nih.gov/pubmed/17113426
https://doi.org/10.1001/jama.284.10.1247
https://www.ncbi.nlm.nih.gov/pubmed/10979111
https://doi.org/10.1177/106002809502901214
https://www.ncbi.nlm.nih.gov/pubmed/8672833
https://doi.org/10.1016/j.jpsychores.2010.01.013
https://doi.org/10.1093/rheumatology/32.3.216
https://www.ncbi.nlm.nih.gov/pubmed/8448612
https://doi.org/10.3233/BMR-130393
https://doi.org/10.1016/j.pain.2006.08.011
https://doi.org/10.1007/s00586-019-05938-x
https://doi.org/10.1136/ard.2007.081331
https://doi.org/10.1097/BOR.0000000000000475
https://www.ncbi.nlm.nih.gov/pubmed/29227352
https://doi.org/10.3892/etm.2012.868
https://doi.org/10.1097/BOR.0000000000000402
https://doi.org/10.1136/bmj.38954.689583.DE
https://doi.org/10.2991/jegh.k.191028.001
https://doi.org/10.1177/2192568220948035
https://doi.org/10.1016/j.berh.2003.11.001
https://www.ncbi.nlm.nih.gov/pubmed/15123045
https://doi.org/10.4184/asj.2015.9.2.155
https://www.ncbi.nlm.nih.gov/pubmed/25901224
https://doi.org/10.1016/j.jbo.2022.100446
https://www.ncbi.nlm.nih.gov/pubmed/35860387
https://doi.org/10.1016/j.nec.2004.04.018
https://www.ncbi.nlm.nih.gov/pubmed/15450871
https://www.ncbi.nlm.nih.gov/pubmed/22171401
https://www.ncbi.nlm.nih.gov/books/NBK441950/


Life 2024, 14, 812 23 of 27

100. Shakil, H.; Malhotra, A.K.; Badhiwala, J.H.; Karthikeyan, V.; Essa, A.; He, Y.; Fehlings, M.G.; Sahgal, A.; Dea, N.; Kiss, A.; et al.
Contemporary trends in the incidence and timing of spinal metastases: A population-based study. Neurooncol. Adv. 2024, 6,
vdae051. [CrossRef] [PubMed]

101. Janjan, N.A. Radiation for bone metastases: Conventional techniques and the role of systemic radiopharmaceuticals. Cancer 1997,
80 (Suppl. S8), 1628–1645. [CrossRef]

102. Sutcliffe, P.; Connock, M.; Shyangdan, D.; Court, R.; Kandala, N.B.; Clarke, A. A systematic review of evidence on malignant
spinal metastases: Natural history and technologies for identifying patients at high risk of vertebral fracture and spinal cord
compression. Health Technol. Assess. 2013, 17, 1–274. [CrossRef]

103. Chin, H.; Kim, J. Bone Metastasis: Concise Overview. Fed Pract. 2015, 32, 24–30.
104. Parasar, P.; Ozcan, P.; Terry, K.L. Endometriosis: Epidemiology, Diagnosis and Clinical Management. Curr. Obstet. Gynecol. Rep.

2017, 6, 34–41. [CrossRef]
105. Brott, N.R.; Le, J.K. Mittelschmerz. In StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL, USA, 2024. [PubMed]
106. Patti, L.; Leslie, S.W. Acute Renal Colic. [Updated 2024 Jun 6]. In StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL,

USA, 2024.
107. Pirola, G.M.; Verdacchi, T.; Rosadi, S.; Annino, F.; De Angelis, M. Chronic prostatitis: Current treatment options. Res. Rep. Urol.

2019, 11, 165–174. [CrossRef]
108. Roy, P.J.; Weltman, M.; Dember, L.M.; Liebschutz, J.; Jhamb, M.; HOPE Consortium. Pain management in patients with chronic

kidney disease and end-stage kidney disease. Curr. Opin. Nephrol. Hypertens. 2020, 29, 671–680. [CrossRef]
109. Hedayati, S.S.; Yalamanchili, V.; Finkelstein, F.O. A practical approach to the treatment of depression in patients with chronic

kidney disease and end-stage renal disease. Kidney Int. 2012, 81, 247–255. [CrossRef] [PubMed]
110. Buchbinder, R.; van Tulder, M.; Öberg, B.; Costa, L.M.; Woolf, A.; Schoene, M.; Croft, P.; Lancet Low Back Pain Series Working

Group. Low back pain: A call for action. Lancet 2018, 391, 2384–2388. [CrossRef] [PubMed]
111. DePalma, M.J.; Ketchum, J.M.; Saullo, T. What is the source of chronic low back pain and does age play a role? Pain Med. 2011, 12,

224–233. [PubMed]
112. Ohtori, S.; Miyagi, M.; Inoue, G. Sensory nerve ingrowth, cytokines, and instability of discogenic low back pain: A review. Spine

Surg. Relat. Res. 2018, 2, 11–17.
113. Fields, A.J.; Liebenberg, E.C.; Lotz, J.C. Innervation of pathologies in the lumbar vertebral end plate and intervertebral disc. Spine

J. 2014, 14, 513–521.
114. Lotz, J.C.; Fields, A.J.; Liebenberg, E.C. The role of the vertebral end plate in low back pain. Glob. Spine J. 2013, 3, 153–163.
115. Fischgrund, J.S.; Rhyne, A.; Macadaeg, K.; Moore, G.; Kamrava, E.; Yeung, C.; Truumees, E.; Schaufele, M.; Yuan, P.; DePalma, M.; et al.

Long-term outcomes following intraosseous basivertebral nerve ablation for the treatment of chronic low back pain: 5-year treatment
arm results from a prospective randomized double-blind sham-controlled multi-center study. Eur. Spine J. 2020, 29, 1925–1934.
[CrossRef] [PubMed]

116. Modic, M.T.; Steinberg, P.M.; Ross, J.S.; Masaryk, T.J.; Carter, J.R. Degenerative disk disease: Assessment of changes in vertebral
body marrow with MR imaging. Radiology 1988, 166, 193–199. [CrossRef]

117. Arana, E.; Kovacs, F.M.; Royuela, A.; Estremera, A.; Asenjo, B.; Sarasíbar, H.; Amengual, G.; Galarraga, I.; Alonso, A.; Casillas, C.; et al.
Modic changes and associated features in Southern European chronic low back pain patients. Spine J. 2011, 11, 402–411. [CrossRef]

118. Sheng-Yun, L.; Letu, S.; Jian, C.; Mamuti, M.; Jun-Hui, L.; Zhi, S.; Chong-Yan, W.; Shunwu, F.; Zhao, F. Comparison of modic
changes in the lumbar and cervical spine, in 3167 patients with and without spinal pain. PLoS ONE 2014, 9, e114993. [CrossRef]
[PubMed]

119. Herlin, C.; Kjaer, P.; Espeland, A.; Skouen, J.S.; Leboeuf-Yde, C.; Karppinen, J.; Niinimäki, J.; Sørensen, J.S.; Storheim, K.;
Jensen, T.S. Modic changes-their associations with low back pain and activity limitation: A systematic literature review and
meta-analysis. PLoS ONE 2018, 13, e0200677. [CrossRef] [PubMed]

120. Czaplewski, L.G.; Rimmer, O.; McHale, D.; Laslett, M. Modic changes as seen on MRI are associated with nonspecific chronic
lower back pain and disability. J. Orthop. Surg. Res. 2023, 18, 351. [CrossRef] [PubMed] [PubMed Central]

121. Chou, D.; Samartzis, D.; Bellabarba, C.; Patel, A.; Luk, K.D.K.; Kisser, J.M.S.; Skelly, A.C. Degenerative Magnetic Resonance
Imaging Changes in Patients with Chronic Low Back Pain. Spine 2011, 36, S43–S53. [CrossRef]

122. Mohd Isa, I.L.; Teoh, S.L.; Mohd Nor, N.H.; Mokhtar, S.A. Discogenic Low Back Pain: Anatomy, Pathophysiology and Treatments
of Intervertebral Disc Degeneration. Int. J. Mol. Sci. 2022, 24, 208. [CrossRef] [PubMed] [PubMed Central]

123. Nachemson, A. Measurement of intradiscal pressure. Acta Orthop. 1959, 28, 269–289. [CrossRef] [PubMed]
124. Althoff, I.; Brinckmann, P.; Frobin, W.; Sandover, J.; Burton, K. An improved method of stature measurement for quantitative

determination of spinal loading. Application to sitting postures and whole body vibration. Spine 1992, 17, 682–693. [CrossRef]
[PubMed]

125. Li, J.Q.; Kwong, W.H.; Chan, Y.L.; Kawabata, M. Comparison of in vivo Intradiscal Pressure between Sitting and Standing in
Human Lumbar Spine: A Systematic Review and Meta-Analysis. Life 2022, 12, 457. [CrossRef] [PubMed] [PubMed Central]

126. Rohlmann, A.; Zander, T.; Graichen, F.; Bergmann, G. Lifting up and laying down a weight causes high spinal loads. J. Biomech.
2013, 46, 511–514.

127. Dolan, K.J.; Green, A. Lumbar spine reposition sense: The effect of a ‘slouched’ posture. Man. Ther. 2006, 11, 202. [CrossRef]

https://doi.org/10.1093/noajnl/vdae051
https://www.ncbi.nlm.nih.gov/pubmed/38680988
https://doi.org/10.1002/(SICI)1097-0142(19971015)80:8+%3C1628::AID-CNCR13%3E3.0.CO;2-1
https://doi.org/10.3310/hta17420
https://doi.org/10.1007/s13669-017-0187-1
https://www.ncbi.nlm.nih.gov/pubmed/31747229
https://doi.org/10.2147/RRU.S194679
https://doi.org/10.1097/MNH.0000000000000646
https://doi.org/10.1038/ki.2011.358
https://www.ncbi.nlm.nih.gov/pubmed/22012131
https://doi.org/10.1016/S0140-6736(18)30488-4
https://www.ncbi.nlm.nih.gov/pubmed/29573871
https://www.ncbi.nlm.nih.gov/pubmed/21266006
https://doi.org/10.1007/s00586-020-06448-x
https://www.ncbi.nlm.nih.gov/pubmed/32451777
https://doi.org/10.1148/radiology.166.1.3336678
https://doi.org/10.1016/j.spinee.2011.03.019
https://doi.org/10.1371/journal.pone.0114993
https://www.ncbi.nlm.nih.gov/pubmed/25506944
https://doi.org/10.1371/journal.pone.0200677
https://www.ncbi.nlm.nih.gov/pubmed/30067777
https://doi.org/10.1186/s13018-023-03839-w
https://www.ncbi.nlm.nih.gov/pubmed/37170132
https://www.ncbi.nlm.nih.gov/pmc/PMC10176889
https://doi.org/10.1097/BRS.0b013e31822ef700
https://doi.org/10.3390/ijms24010208
https://www.ncbi.nlm.nih.gov/pubmed/36613651
https://www.ncbi.nlm.nih.gov/pmc/PMC9820240
https://doi.org/10.3109/17453675908988632
https://www.ncbi.nlm.nih.gov/pubmed/14425681
https://doi.org/10.1097/00007632-199206000-00008
https://www.ncbi.nlm.nih.gov/pubmed/1626302
https://doi.org/10.3390/life12030457
https://www.ncbi.nlm.nih.gov/pubmed/35330208
https://www.ncbi.nlm.nih.gov/pmc/PMC8950176
https://doi.org/10.1016/j.math.2006.03.003


Life 2024, 14, 812 24 of 27

128. Méndez-Gutiérrez, A.; Marín Navas, F.; Acevedo-González, J.C. Frequency of use of discography findings for the diagnosis of low
back pain of discogenic origin. Systematic review of the literature. Rev. Esp. Cir. Ortop. Traumatol. 2024, 68, 209–222. [CrossRef]
[PubMed]

129. 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]
[PubMed]

130. Peng, B.; Pang, X.; Wu, Y.; Zhao, C.; Song, X. A randomized placebo-controlled trial of intradiscal methylene blue injection for the
treatment of chronic discogenic low back pain. Pain 2010, 149, 124–129. [CrossRef] [PubMed]

131. Kallewaard, J.W.; Wintraecken, V.M.; Geurts, J.W.; Willems, P.C.; van Santbrink, H.; Terwiel, C.T.M.; van Kleef, M.; van Kuijk, S.M.J.
A multicenter randomized controlled trial on the efficacy of intradiscal methylene blue injection for chronic discogenic low back
pain: The IMBI study. Pain 2019, 160, 945–953. [CrossRef] [PubMed]

132. Freeman, B.J.; Mehdian, R. Intradiscal electrothermal therapy, percutaneous discectomy, and nucleoplasty: What is the current
evidence? Curr. Pain Headache Rep. 2008, 12, 14–21. [CrossRef] [PubMed]

133. Bibby, S.R.; Urban, J.P. Effect of nutrient deprivation on the viability of intervertebral disc cells. Eur. Spine J. 2004, 13, 695–701.
[CrossRef] [PubMed] [PubMed Central]

134. Jiang, Y.; Wang, J.; Sun, D.; Liu, Z.; Qi, L.; Du, M.; Wang, J.; Li, Y.; Zhu, C.; Huang, Y.; et al. A hydrogel reservoir as a self-contained
nucleus pulposus cell delivery vehicle for immunoregulation and repair of degenerated intervertebral disc. Acta Biomater. 2023,
170, 303–317. [CrossRef] [PubMed]

135. Schneider, B.J.; Hunt, C.; Conger, A.; Qu, W.; Maus, T.P.; Vorobeychik, Y.; Cheng, J.; Duszynski, B.; McCormick, Z.L.
The effectiveness of intradiscal biologic treatments for discogenic low back pain: A systematic review. Spine J. 2022, 22, 226–237.
[CrossRef] [PubMed]

136. Glover, J.R. Arthrography of the joints of the lumbar vertebral arches. Orthop. Clin. N. Am. 1977, 8, 37–42. [CrossRef]
137. Bogduk, N. Clinical Anatomy of the Lumbar Spine and Sacrum, 3rd ed.; Churchill Livingstone: Edinburgh, UK, 1997; pp. 127–144.
138. Goldthwaite, J.E. The lumbosacral articulation: An explanation of many cases of lumbago, sciatica, and paraplegia. Boston. Med.

Surg. J. 1911, 164, 365–372. [CrossRef]
139. Hirsch, C.; Ingelmark, B.E.; Miller, M. The anatomical basis for low back pain: Studies on the presence of sensory nerve endings

in ligamentous, capsular and intervertebral disc structures in the human lumbar spine. Acta. Orthop. Scand. 1963, 33, 1–17.
[CrossRef] [PubMed]

140. Cyron, B.M.; Hutton, W.C. The tensile strength of the capsular ligaments of the apophyseal joints. J. Anat. 1981, 132, 145–150.
141. Yang, K.H.; King, A.I. Mechanism of facet load transmission as a hypothesis for low-back pain. Spine 1984, 9, 557–565. [CrossRef]
142. Dory, M.A. Arthrography of the lumbar facet joints. Radiology 1981, 140, 23–27. [CrossRef]
143. 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. [CrossRef]

144. Chen, X.; Tang, H.; Lin, J.; Zeng, R. Temporal trends in the disease burden of osteoarthritis from 1990 to 2019, and projections
until 2030. PLoS ONE 2023, 18, e0288561. [CrossRef] [PubMed] [PubMed Central]

145. O’Leary, S.A.; Paschos, N.K.; Link, J.M.; Klineberg, E.O.; Hu, J.C.; Athanasiou, K.A. Facet Joints of the Spine: Structure-Function
Relationships, Problems and Treatments, and the Potential for Regeneration. Annu. Rev. Biomed. Eng. 2018, 20, 145–170. [CrossRef]
[PubMed]

146. Falco, F.J.E.; Manchikanti, L.; Datta, S.; Sehgal, N.; Geffert, S.; Onyewu, O.; Singh, V.; Bryce, D.A.; Benyamin, R.M.; Simopoulos,
T.T.; et al. An update of the systematic assessment of the diagnostic accuracy of lumbar facet joint nerve blocks. Pain Physician
2012, 15, E869–E907. [CrossRef]

147. Manchikanti, L.; Singh, V.; Pampati, V.; Damron, K.S.; Barnhill, R.C.; Beyer, C.; A Cash, K. Evaluation of the relative contributions
of various structures in chronic low back pain. Pain Physician 2001, 4, 308–316. [CrossRef]

148. MacVicar, J.; MacVicar, A.M.; Bogduk, N. The Prevalence of “Pure” Lumbar Zygapophysial Joint Pain in Patients with Chronic
Low Back Pain. Pain Med. 2021, 22, 41–48. [CrossRef] [PubMed]

149. Matar, H.E.; Navalkissoor, S.; Berovic, M.; Shetty, R.; Garlick, N.; Casey, A.T.; Quigley, A.M. Is hybrid imaging (SPECT/CT) a
useful adjunct in the management of suspected facet joints arthropathy? Int. Orthop. 2013, 37, 865–870. [CrossRef] [PubMed]
[PubMed Central]

150. Dolan, A.L.; Ryan, P.J.; Arden, N.K.; Stratton, R.; Wedley, J.R.; Hamann, W.; Fogelman, I.; Gibson, T. The value of SPECT scans in
identifying back pain likely to benefit from facet joint injection. Br. J. Rheum. 1996, 35, 1269–1273. [CrossRef] [PubMed]

151. Carrera, G.F.; Williams, A.L. Current concepts in evaluation of the lumbar facet joints. Crit. Rev. Diagn. Imaging 1984, 21, 85–104.
[PubMed]

152. Raymond, J.; Dumas, J.M.; Lisbona, R. Nuclear imaging as a screening test for patients referred for intraarticular facet block.
J. Can. Assoc. Radiol. 1984, 35, 291–292. [PubMed]

153. Revel, M.E.; Listrat, V.M.; Chevalier, X.J.; Dougados, M.; Nguyen, M.P.; Vallee, C.; Wybier, M.; Gires, F.; Amor, B. Facet joint block
for low back pain: Identifying predictors of a good response. Arch. Phys. Med. Rehabil. 1992, 73, 824–828. [PubMed]

154. Lanuzzi, A.; Little, J.S.; Chiu, J.B.; Baitner, A.; Kawchuk, G.; Khalsa, P.S. Human lumbar facet joint capsule strains, I. During
physiological motions. Spine J. 2004, 4, 141–152.

https://doi.org/10.1016/j.recot.2024.03.008
https://www.ncbi.nlm.nih.gov/pubmed/38508378
https://doi.org/10.1016/j.spinee.2015.06.051
https://www.ncbi.nlm.nih.gov/pubmed/26133255
https://doi.org/10.1016/j.pain.2010.01.021
https://www.ncbi.nlm.nih.gov/pubmed/20167430
https://doi.org/10.1097/j.pain.0000000000001475
https://www.ncbi.nlm.nih.gov/pubmed/30730862
https://doi.org/10.1007/s11916-008-0004-7
https://www.ncbi.nlm.nih.gov/pubmed/18417018
https://doi.org/10.1007/s00586-003-0616-x
https://www.ncbi.nlm.nih.gov/pubmed/15048560
https://www.ncbi.nlm.nih.gov/pmc/PMC3454063
https://doi.org/10.1016/j.actbio.2023.08.023
https://www.ncbi.nlm.nih.gov/pubmed/37597680
https://doi.org/10.1016/j.spinee.2021.07.015
https://www.ncbi.nlm.nih.gov/pubmed/34352363
https://doi.org/10.1016/S0030-5898(20)30933-0
https://doi.org/10.1056/NEJM191103161641101
https://doi.org/10.3109/17453676308999829
https://www.ncbi.nlm.nih.gov/pubmed/13961170
https://doi.org/10.1097/00007632-198409000-00005
https://doi.org/10.1148/radiology.140.1.6454162
https://doi.org/10.1097/00007632-199809150-00011
https://doi.org/10.1371/journal.pone.0288561
https://www.ncbi.nlm.nih.gov/pubmed/37486949
https://www.ncbi.nlm.nih.gov/pmc/PMC10365297
https://doi.org/10.1146/annurev-bioeng-062117-120924
https://www.ncbi.nlm.nih.gov/pubmed/29494214
https://doi.org/10.36076/ppj.2012/15/E869
https://doi.org/10.36076/ppj.2001/4/308
https://doi.org/10.1093/pm/pnaa383
https://www.ncbi.nlm.nih.gov/pubmed/33543264
https://doi.org/10.1007/s00264-013-1811-y
https://www.ncbi.nlm.nih.gov/pubmed/23412368
https://www.ncbi.nlm.nih.gov/pmc/PMC3631481
https://doi.org/10.1093/rheumatology/35.12.1269
https://www.ncbi.nlm.nih.gov/pubmed/9010055
https://www.ncbi.nlm.nih.gov/pubmed/6235101
https://www.ncbi.nlm.nih.gov/pubmed/6238970
https://www.ncbi.nlm.nih.gov/pubmed/1387521


Life 2024, 14, 812 25 of 27

155. Little, J.S.; Ianuzzi, A.; Chiu, J.B.; Baitner, A.; Khalsa, P.S. Human lumbar facet joint capsule strains: I.I. Alteration of strains
subsequent to anterior interbody fixation. Spine J. 2004, 4, 153–162. [CrossRef] [PubMed]

156. Stuber, K.; Lerede, C.; Kristmanson, K.; Sajko, S.; Bruno, P. The diagnostic accuracy of the Kemp’s test: A systematic review.
J. Can. Chiropr. Assoc. 2014, 58, 258–267. [PubMed] [PubMed Central]

157. Cohen, S.P.; Bhaskar, A.; Bhatia, A.; Buvanendran, A.; Deer, T.; Garg, S.; Hooten, W.M.; Hurley, R.W.; Kennedy, D.J.; McLean, B.C.;
et al. Consensus practice guidelines on interventions for lumbar facet joint pain from a multispecialty, international working
group. Reg. Anesth. Pain Med. 2020, 45, 424–467. [CrossRef] [PubMed] [PubMed Central]

158. Bogduk, N. On the rational use of diagnostic blocks for spinal pain. Neurosurg. Quart. 2009, 19, 88–100. [CrossRef]
159. Schwarzer, A.C.; Aprill, C.N.; Derby, R.; Fortin, J.; Kine, G.; Bogduk, N. The false-positive rate of uncontrolled diagnostic blocks

of the lumbar zygapophysial joints. Pain 1994, 58, 195–200. [CrossRef] [PubMed]
160. Manchikanti, L.; Pampati, V.; Fellows, B.; Bakhit, C.E. The diagnostic validity and therapeutic value of lumbar facet joint nerve

blocks with or without adjuvant agents. Curr. Rev. Pain. 2000, 4, 337–344. [CrossRef] [PubMed]
161. Bogduk, N. On diagnostic blocks for lumbar zygapophysial joint pain. F1000 Med. Rep. 2010, 2, 57. [CrossRef] [PubMed] [PubMed

Central]
162. Bogduk, N.; Holmes, S. Controlled zygapophysial joint blocks: The travesty of cost-effectiveness. Pain Med. 2000, 1, 25–34.

[CrossRef] [PubMed]
163. Leggett, L.E.; Soril, L.J.; Lorenzetti, D.L.; Noseworthy, T.; Steadman, R.; Tiwana, S.; Clement, F. Radiofrequency ablation for

chronic low back pain: A systematic review of randomized controlled trials. Pain Res. Manag. J. Can. Pain Soc. 2014, 19, e146–e153.
[CrossRef] [PubMed]

164. Leclaire, R.; Fortin, L.; Lambert, R.; Bergeron, Y.M.; Rossignol, M. Radiofrequency facet joint denervation in the treatment of low
back pain: A placebo-controlled clinical trial to assess efficacy. Spine 2001, 26, 1411–1416 discussion 1417. [CrossRef]

165. Lee, C.-H.; Chung, C.K.; Kim, C.H. The efficacy of conventional radiofrequency denervation in patients with chronic low back
pain originating from the facet joints: A meta-analysis of randomized controlled trials. Spine J. Off. J. N. Am. Spine Soc. 2017, 17,
1770–1780. [CrossRef] [PubMed]

166. Maas, E.T.; Ostelo, R.W.; Niemisto, L.; Jousimaa, J.; Hurri, H.; Malmivaara, A.; van Tulder, M.W. Radiofrequency denervation for
chronic low back pain. Cochrane Database Syst. Rev. 2015, 2015, CD008572. [CrossRef] [PubMed]

167. Juch, J.N.S.; Maas, E.T.; Ostelo, R.W.J.G.; Groeneweg, J.G.; Kallewaard, J.W.; Koes, B.W.; Verhagen, A.P.; van Dongen, J.M.;
Huygen, F.J.P.M.; van Tulder, M.W. Effect of Radiofrequency Denervation on Pain Intensity Among Patients with Chronic Low
Back Pain: The Mint Randomized Clinical Trials. JAMA 2017, 318, 68–81, Erratum in: JAMA 2017, 318, 1188. [CrossRef] [PubMed]
[PubMed Central]

168. Du, T.; Lu, G.; Li, J.; Ni, B.; Shu, W.; Sun, T.; Yang, D.; Zhu, H. Pain-Free Survival after Endoscopic Rhizotomy Versus
Radiofrequency for Lumbar Facet Joint Pain: A Real-World Comparison Study. Pain Physician 2022, 25, E87–E94. [PubMed]

169. Lilius, G.; Laasonen, E.M.; Myllynen, P.; Harilainen, A.; Grönlund, G. Lumbar Facet Joint Syndrome. A Randomised Clinical Trial.
Bone Jt. J. 1989, 71, 681–684. [CrossRef] [PubMed]

170. Carette, S.; Marcoux, S.; Truchon, R.; Grondin, C.; Gagnon, J.; Allard, Y.; Latulippe, M. A Controlled Trial of Corticosteroid
Injections into Facet Joints for Chronic Low Back Pain. N. Engl. J. Med. 1991, 325, 1002–1007. [CrossRef] [PubMed]

171. Barnsley, L.; Lord, S.M.; Wallis, J.; Bogduk, N. Lack of Effect of Intraarticular Corticosteroids for Chronic Pain in the Cervical
Zygapophyseal Joints. N. Engl. J. Med. 1994, 330, 1047–1050. [CrossRef] [PubMed]

172. Kennedy, D.J.; Fraiser, R.; Zheng, P.; Huynh, L.; Levin, J.; Smuck, M.; Schneider, B.J. Intra-articular Steroids vs. Saline for Lumbar
Z-Joint Pain: A Prospective, Randomized, Double-Blind Placebo-Controlled Trial. Pain Med. 2019, 20, 246–251. [CrossRef]
[PubMed]

173. Greater Manchester Combined Authority. Greater Manchester EUR Policy Statement on: Facet Joint Injections for Neck and Back
Pain. GM Ref: GM070. 2019. Version 2.2. Available online: http://northwestcsu.nhs.uk/BrickwallResource/GetResource/d5f134
e0-aab1-4be3-9475-3f973f126423 (accessed on 20 April 2024).

174. Boswell, M.V.; Manchikanti, L.; Kaye, A.D.; Bakshi, S.; Gharibo, C.G.; Gupta, S.; Jha, S.S.; Nampiaparampil, D.E.; Simopoulos, T.T.;
Hirsch, J.A. A Best-Evidence Systematic Appraisal of the Diagnostic Accuracy and Utility of Facet (Zygapophysial) Joint Injections
in Chronic Spinal Pain. Pain Physician 2015, 18, E497–E533. [CrossRef] [PubMed]

175. Schneider, B.J.; Doan, L.; Maes, M.K.; Martinez, K.R.; Cota, A.G.; Bogduk, N. 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] [PubMed]

176. Gillespie, K.A.; Dickey, J.P. Biomechanical role of lumbar spine ligaments in flexion and extension: Determination using a parallel
linkage robot and a porcine model. Spine 2004, 29, 1208–1216. Available online: https://insights.ovid.com/pubmed?pmid=1516
7660 (accessed on 20 April 2024). [CrossRef] [PubMed]

177. Keller, M.S. Gymnastics injuries and imaging in children. Pediatr. Radiol. 2009, 39, 1299–1306. [CrossRef] [PubMed]
178. Baastrup, C.I. On the Spinous Processes of the Lumbar Vertebrae and the Soft Tissues between Them, and on Pathological

Changes in That Region. Acta Radiol. 1933, 14, 52–55. [CrossRef]
179. Hatgis, J.; Granville, M.; Jacobson, R.E. Baastrup’s Disease, Interspinal Bursitis, and Dorsal Epidural Cysts: Radiologic Evaluation

and Impact on Treatment Options. Cureus 2017, 9, e1449. [CrossRef] [PubMed] [PubMed Central]
180. Beks, J. Kissing spines: Fact or fancy? Acta Neurochir. 1989, 100, 134–135. [CrossRef]

https://doi.org/10.1016/j.spinee.2003.07.002
https://www.ncbi.nlm.nih.gov/pubmed/15016392
https://www.ncbi.nlm.nih.gov/pubmed/25202153
https://www.ncbi.nlm.nih.gov/pmc/PMC4139762
https://doi.org/10.1136/rapm-2019-101243
https://www.ncbi.nlm.nih.gov/pubmed/32245841
https://www.ncbi.nlm.nih.gov/pmc/PMC7362874
https://doi.org/10.1097/WNQ.0b013e3181a32e8b
https://doi.org/10.1016/0304-3959(94)90199-6
https://www.ncbi.nlm.nih.gov/pubmed/7816487
https://doi.org/10.1007/s11916-000-0016-4
https://www.ncbi.nlm.nih.gov/pubmed/10998741
https://doi.org/10.3410/M2-57
https://www.ncbi.nlm.nih.gov/pubmed/21173871
https://www.ncbi.nlm.nih.gov/pmc/PMC2990543
https://www.ncbi.nlm.nih.gov/pmc/PMC2990543
https://doi.org/10.1046/j.1526-4637.2000.99104.x
https://www.ncbi.nlm.nih.gov/pubmed/15101961
https://doi.org/10.1155/2014/834369
https://www.ncbi.nlm.nih.gov/pubmed/25068973
https://doi.org/10.1097/00007632-200107010-00003
https://doi.org/10.1016/j.spinee.2017.05.006
https://www.ncbi.nlm.nih.gov/pubmed/28576500
https://doi.org/10.1002/14651858.CD008572.pub2
https://www.ncbi.nlm.nih.gov/pubmed/26495910
https://doi.org/10.1001/jama.2017.7918
https://www.ncbi.nlm.nih.gov/pubmed/28672319
https://www.ncbi.nlm.nih.gov/pmc/PMC5541325
https://www.ncbi.nlm.nih.gov/pubmed/35051155
https://doi.org/10.1302/0301-620X.71B4.2527856
https://www.ncbi.nlm.nih.gov/pubmed/2527856
https://doi.org/10.1056/NEJM199110033251405
https://www.ncbi.nlm.nih.gov/pubmed/1832209
https://doi.org/10.1056/NEJM199404143301504
https://www.ncbi.nlm.nih.gov/pubmed/8127332
https://doi.org/10.1093/pm/pny225
https://www.ncbi.nlm.nih.gov/pubmed/30541041
http://northwestcsu.nhs.uk/BrickwallResource/GetResource/d5f134e0-aab1-4be3-9475-3f973f126423
http://northwestcsu.nhs.uk/BrickwallResource/GetResource/d5f134e0-aab1-4be3-9475-3f973f126423
https://doi.org/10.36076/ppj.2015/18/E497
https://www.ncbi.nlm.nih.gov/pubmed/26218947
https://doi.org/10.1093/pm/pnz349
https://www.ncbi.nlm.nih.gov/pubmed/32040149
https://insights.ovid.com/pubmed?pmid=15167660
https://insights.ovid.com/pubmed?pmid=15167660
https://doi.org/10.1097/00007632-200406010-00010
https://www.ncbi.nlm.nih.gov/pubmed/15167660
https://doi.org/10.1007/s00247-009-1431-2
https://www.ncbi.nlm.nih.gov/pubmed/19847411
https://doi.org/10.3109/00016923309132353
https://doi.org/10.7759/cureus.1449
https://www.ncbi.nlm.nih.gov/pubmed/28929033
https://www.ncbi.nlm.nih.gov/pmc/PMC5590705
https://doi.org/10.1007/BF01403600


Life 2024, 14, 812 26 of 27

181. Lamer, T.J.; Tiede, J.M.; Fenton, D.S. Fluoroscopically-guided injections to treat “kissing spine” disease. Pain Physician 2008, 11,
549–554. [CrossRef] [PubMed]

182. Mitra, R.; Ghazi, U.; Kirpalani, D.; Cheng, I. Interspinous ligament steroid injections for the management of Baastrup’s disease:
A case report. Arch. Phys. Med. Rehabil. 2007, 88, 1353–1356. [CrossRef] [PubMed]

183. Filippiadis, D.K.; Mazioti, A.; Argentos, S.; Anselmetti, G.; Papakonstantinou, O.; Kelekis, N.; Kelekis, A. Baastrup’s disease
(kissing spines syndrome): A pictorial review. Insights Imaging 2015, 6, 123–128. [CrossRef] [PubMed]

184. Shokri, P.; Zahmatyar, M.; Falah Tafti, M.; Fathy, M.; Rezaei Tolzali, M.; Ghaffari Jolfayi, A.; Nejadghaderi, S.A.; Sullman, M.J.M.;
Kolahi, A.A.; Safiri, S. Non-spinal low back pain: Global epidemiology, trends, and risk factors. Health Sci. Rep. 2023, 6, e1533.
[CrossRef] [PubMed] [PubMed Central]

185. Tsoi, C.; Griffith, J.F.; Lee, R.K.L.; Wong, P.C.H.; Tam, L.S. Imaging of sacroiliitis: Current status, limitations and pitfalls. Quant.
Imaging Med. Surg. 2019, 9, 318–335. [CrossRef] [PubMed]

186. Cher, D.; Polly, D.; Berven, S. Sacroiliac joint pain: Burden of disease. Med. Devices 2014, 7, 73–81. [CrossRef] [PubMed]
187. Schuit, D.; McPoil, T.G.; Mulesa, P. Incidence of sacroiliac joint malalignment in leg length discrepancies. J. Am. Podiatr. Med

Assoc. 1989, 79, 380–383. [CrossRef] [PubMed]
188. Herzog, W.; Conway, P.J. Gait analysis of sacroiliac joint patients. J. Manip. Physiol Ther. 1994, 17, 124–127.
189. Marymont, J.V.; Lynch, M.A.; Henning, C.E. Exercise-related stress reaction of the sacroiliac joint: An unusual cause of low back

pain in athletes. Am. J. Sports Med. 1986, 14, 320–323. [CrossRef]
190. Schoenberger, M.; Hellmich, K. Sacroiliac dislocation and scoliosis. Hippokrates 1964, 35, 476–479.
191. Albert, H.; Godskesen, M.; Westergaard, J. Prognosis in four syndromes of pregnancy-related pelvic pain. Acta Obstet. Gynecol.

Scand. 2001, 80, 505–510. [PubMed]
192. Berg, G.; Hammar, M.; Mollernielsen, J.; Linden, U.; Thorblad, J. Low back pain during pregnancy. Obs. Gynecol. 1988, 71, 71–75.

[CrossRef]
193. Katz, V.; Schofferman, J.; Reynolds, J. The sacroiliac joint: A potential cause of pain after lumbar fusion to the sacrum. J. Spinal

Disord. Tech. 2003, 16, 96–99. [CrossRef]
194. Cibulka, M.T.; Sinacore, D.R.; Cromer, G.S.; Delitto, A. Unilateral hip rotation range of motion asymmetry in patients with

sacroiliac joint regional pain. Spine 1998, 23, 1009–1015. [CrossRef]
195. Krishnamoorthy, V.P.; Beck, E.C.; Kunze, K.N.; Cancienne, J.M.; Krivicich, L.M.; Suppauksorn, S.; Ayeni, O.R.; Nho, S.J.

Radiographic prevalence of sacroiliac joint abnormalities and clinical outcomes in patients with femoroacetabular impingement
syndrome. Arthroscopy 2019, 35, 2598–2605.e1. [CrossRef] [PubMed]

196. Fortin, J.D.; Tolchin, R.B. Sacroiliac arthrograms and post-arthrography computerized tomography. Pain Physician 2003, 6, 287–290.
[CrossRef]

197. Slipman, C.W.; Jackson, H.B.; Lipetz, J.S.; Chan, K.T.; Lenrow, D.; Vresilovic, E.J. Sacroiliac joint pain referral zones. Arch. Phys.
Med. Rehabil. 2000, 81, 334–338. [CrossRef] [PubMed]

198. Fortin, J.D.; Dwyer, A.P.; West, S.; Pier, J. Sacroiliac joint: Pain referral maps upon applying a new injection/arthrography
technique. Part I: Asymptomatic volunteers. Spine 1994, 19, 1475–1482. [CrossRef]

199. Fortin, J.D.; Falco, F.J. The Fortin finger test: An indicator of sacroiliac pain. Am. J. Orthop. 1997, 26, 477–480.
200. Telli, H.; Telli, S.; Topal, M. The validity and reliability of provocation test in the diagnosis of sacroiliac joint dysfunction. Pain

Physician 2018, 21, E367. [CrossRef] [PubMed]
201. Schneider, B.J.; Ehsanian, R.; Rosati, R.; Huynh, L.; Levin, J.; Kennedy, D.J. Validity of Physical Exam Maneuvers in the Diagnosis

of Sacroiliac Joint Pathology. Pain Med. 2020, 21, 255–260. [CrossRef] [PubMed]
202. Saueressig, T.; Owen, P.J.; Diemer, F.; Zebisch, J.; Belavy, D.L. Diagnostic Accuracy of Clusters of Pain Provocation Tests for

Detecting Sacroiliac Joint Pain: Systematic Review with Meta-analysis. J. Orthop. Sports Phys. Ther. 2021, 51, 422–431. [CrossRef]
[PubMed]

203. Stelzer, W.; Stelzer, D.; Stelzer, E.; Sammer, A.; Aichner, E.; Braune, M.; Schneider, B.J.; Duller, C.; Feigl, G. Success Rate of
Intra-articular Sacroiliac Joint Injection: Fluoroscopy vs. Ultrasound Guidance-A Cadaveric Study. Pain Med. 2019, 20, 1890–1897.
[CrossRef] [PubMed]

204. Simopoulos, T.T.; Manchikanti, L.; Gupta, S.; Aydin, S.M.; Kim, C.H.; Solanki, D.R.; Nampiaparampil, D.E.; Singh, V.; Staats, P.S.;
Hirsch, J.A. Systematic review of the diagnostic accuracy and therapeutic effectiveness of sacroiliac joint interventions. Pain
Physician 2015, 18, E713–E756. [CrossRef] [PubMed]

205. Manchikanti, L.; Falco, F.J.; Benyamin, R.M.; Kaye, A.D.; Boswell, M.V.; Hirsch, J.A. A modified approach to grading of evidence.
Pain Physician 2014, 17, E319–E325. [CrossRef] [PubMed]

206. Kristoff, T.J.; Sinopoli, J.T.; Farley, T.; Rabah, N.; Thompson, N.R.; Goyal, K. The therapeutic effectiveness of fluoroscopically
guided intra-articular sacroiliac joint injections in patients with sacroiliac joint dysfunction, an observational study. Interv. Pain
Med. 2023, 2, 100269. Available online: https://www.sciencedirect.com/science/article/pii/S2772594423001012 (accessed on 10
May 2024). [CrossRef]

207. Schmidt, G.L.; Bhandutia, A.K.; Altman, D.T. Management of Sacroiliac Joint Pain. J. Am. Acad. Orthop. Surg. 2018, 26, 610–616.
[CrossRef] [PubMed]

https://doi.org/10.36076/ppj.2008/11/549
https://www.ncbi.nlm.nih.gov/pubmed/18690283
https://doi.org/10.1016/j.apmr.2007.05.033
https://www.ncbi.nlm.nih.gov/pubmed/17908582
https://doi.org/10.1007/s13244-014-0376-7
https://www.ncbi.nlm.nih.gov/pubmed/25582088
https://doi.org/10.1002/hsr2.1533
https://www.ncbi.nlm.nih.gov/pubmed/37674621
https://www.ncbi.nlm.nih.gov/pmc/PMC10477419
https://doi.org/10.21037/qims.2018.11.10
https://www.ncbi.nlm.nih.gov/pubmed/30976556
https://doi.org/10.2147/MDER.S59437
https://www.ncbi.nlm.nih.gov/pubmed/24748825
https://doi.org/10.7547/87507315-79-8-380
https://www.ncbi.nlm.nih.gov/pubmed/2810074
https://doi.org/10.1177/036354658601400414
https://www.ncbi.nlm.nih.gov/pubmed/11380285
https://doi.org/10.1097/00132582-198807000-00002
https://doi.org/10.1097/00024720-200302000-00015
https://doi.org/10.1097/00007632-199805010-00009
https://doi.org/10.1016/j.arthro.2019.03.030
https://www.ncbi.nlm.nih.gov/pubmed/31500745
https://doi.org/10.36076/ppj.2003/6/287
https://doi.org/10.1016/S0003-9993(00)90080-7
https://www.ncbi.nlm.nih.gov/pubmed/10724079
https://doi.org/10.1097/00007632-199407000-00010
https://doi.org/10.36076/ppj.2018.4.E367
https://www.ncbi.nlm.nih.gov/pubmed/30045603
https://doi.org/10.1093/pm/pnz183
https://www.ncbi.nlm.nih.gov/pubmed/31393577
https://doi.org/10.2519/jospt.2021.10469
https://www.ncbi.nlm.nih.gov/pubmed/34210160
https://doi.org/10.1093/pm/pnz059
https://www.ncbi.nlm.nih.gov/pubmed/30953589
https://doi.org/10.36076/ppj.2015/18/E713
https://www.ncbi.nlm.nih.gov/pubmed/26431129
https://doi.org/10.36076/ppj.2014/17/E319
https://www.ncbi.nlm.nih.gov/pubmed/24850113
https://www.sciencedirect.com/science/article/pii/S2772594423001012
https://doi.org/10.1016/j.inpm.2023.100269
https://doi.org/10.5435/JAAOS-D-15-00063
https://www.ncbi.nlm.nih.gov/pubmed/30059395


Life 2024, 14, 812 27 of 27

208. Goodwin, B.; Averell, N.; Al-Shehab, U.; Ernazarov, A.; Price, L.; Choudhary, A.; Jermyn, R. Efficacy of platelet-rich plasma for
sacroiliac joint dysfunction: A qualitative systematic review with pooled analysis. Regen. Med. 2023, 18, 505–514. [CrossRef]
[PubMed]

209. Mehkri, Y.; Tishad, A.; Nichols, S.; Scott, K.W.; Arias, J.; Lucke-Wold, B.; Rahmathulla, G. Outcomes After Minimally Invasive
Sacroiliac Joint Fusion: A Scoping Review. World Neurosurg. 2022, 168, 120–132. [CrossRef] [PubMed]

210. Chang, E.; Rains, C.; Ali, R.; Wines, R.C.; Kahwati, L.C. Minimally invasive sacroiliac joint fusion for chronic sacroiliac joint pain:
A systematic review. Spine J. 2022, 22, 1240–1253. [CrossRef] [PubMed]

211. Randhawa, S.; Garvin, G.; Roth, M.; Wozniak, A.; Miller, T. Maigne syndrome—A potentially treatable yet underdiagnosed cause
of low back pain: A review. J. Back Musculoskelet. Rehabil. 2022, 35, 153–159. [CrossRef] [PubMed]

212. Maigne, J.Y.; Lazareth, J.P.; Surville, H.G.; Maigne, R. The lateral cutaneous branches of the dorsal rami of the thoraco-lumbar
junction. Surg. Radiol. Anat. 1989, 11, 289–293. [CrossRef] [PubMed]

213. Kuniya, H.; Aota, Y.; Kawai, T.; Kaneko, K.-I.; Konno, T.; Saito, T. Prospective study of superior cluneal nerve disorder as a
potential cause of low back pain and leg symptoms. J. Orthop. Surg. Res. 2014, 9, 139. [CrossRef] [PubMed]

214. Schwarzer, A.C.; Aprill, C.N.; Derby, R.; Fortin, J.; Kine, G.; Bogduk, N. The relative contributions of the disc and zygapophyseal
joint in chronic low back pain. Spine 1994, 19, 801–806. [CrossRef]

215. Georgetti, L.J.; Sims, A.C.; Amabile, A.H. An Anatomical Exploration of the Structures Associated with Low Back Pain Caused by
Maigne’s Syndrome. FASEB J. 2018, 32, 644.11. [CrossRef]

216. Maigne, R.; Nieves, W.L. Diagnosis and Treatment of Pain of Vertebral Origin, 1st ed.; Koonja: Seoul, Republic of Korea, 2008.
217. Frisch, H. Programmierte Untersuchung des Bewegungsapparates; Springer: Berlin/Heidelberg, Germany, 1983.
218. Lee, H.; Chae, H.; Ryu, M.; Yang, C.; Kim, S. Acupuncture for patients with Maigne’s syndrome: A case series. Medicine 2023, 102,

e33999. [CrossRef] [PubMed] [PubMed Central]
219. Pun, W.K.; Luk, K.; Yeong, J. Influence of the erect posture on the development of the lumbosacral region. Surg. Radiol. Anat.

1987, 9, 69–73. [CrossRef] [PubMed]
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