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Abstract: The axial skeleton, with the exception of spondyloarthropathy, is the most neglected as-
pect of rheumatology training and, as a result, perhaps the most complex. The clinical “problem”
of back/neck pain could be considered the “orphan child” of medicine, and our perspective as
rheumatologists is often sought for such entities. Sources of back/neck pain are myriad, and not all
phenomena affecting the back are symptomatic. Perhaps the one that has most concerned rheumatol-
ogists is the cervical instability associated with rheumatoid arthritis. The current review examines
intrinsic and extrinsic alterations in axial skeletal components, providing a guide to discriminating the
causes (e.g., Scheuermann’s disease versus osteoporotic compression and the various forms of axial
joint ankylosis) and the implications of vertebral endplate alterations. The specificity and sensitivity
(limitations) of radiologic findings are reviewed, with a reminder that vertebral body osteophytes do
not represent osteoarthritis and are therefore unlikely to explain back or neck complaints and that it
is our clinical examination which will likely suggest symptom origin.

Keywords: sacroiliac; Scheuermann’s disease; ankyloses; osteoporosis; osteophyte; spondylosis
deformans

1. Introduction

The spine, that which identifies us as a member of the phylum Vertebrata, has been the
most complex and neglected aspect of rheumatology training. Indeed, training programs
have been required to “outsource” such experience/exposure. The Residency Review Com-
mittee (RRC) found the problem so egregious that they refused to award full accreditation
to a major university rheumatology training program, requiring that they correct the deficit.
I was a member of the community-based organization that was tasked with providing that
mitigation. Inadequate exposure of rheumatology fellows to patients with back complaints
was actually not an unexpected finding for an academic training program. The faculty
established the criteria for admission to the clinics they supervised; said criteria were often
dependent upon faculty interests in care for specific diseases and ennui with respect to
“mundane” phenomena such as back pain.

This was at a time when a formal curriculum for rheumatology fellowship training
had not yet been established. Experiences/exposures were determined by the “mix” of
patients that happened to be present during a given trainee’s participation in the clinic
and by department members’ research interests rather than assurances that all trainees
were consistently exposed to the myriad of phenomena/problems pertinent to rheumatol-
ogy in clinical practice. This was further complicated by attitudes, such as the conflation
of fibromyalgia with psychogenic rheumatism and malingering, which some suggested
were not “worthy” of appointment at a rheumatology clinic (e.g., [1]). Individuals with
primary back complaints seldom make it through the “screening process” to access “valu-
able” clinic appointment slots, a problem now exacerbated by the long waiting lists for
such opportunities.

While seemingly “uninteresting” to some of the directors of rheumatology training
programs (and therefore “underrepresented” in clinics utilized for training), the subject
is actually quite an appropriate issue for rheumatologists—given our wide-ranging per-
spective of and exposure to diseases and phenomena. After all, confident assessment

Rheumato 2023, 3, 210–220. https://doi.org/10.3390/rheumato3040016 https://www.mdpi.com/journal/rheumato

https://doi.org/10.3390/rheumato3040016
https://doi.org/10.3390/rheumato3040016
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/rheumato
https://www.mdpi.com
https://orcid.org/0000-0003-1327-6615
https://doi.org/10.3390/rheumato3040016
https://www.mdpi.com/journal/rheumato
https://www.mdpi.com/article/10.3390/rheumato3040016?type=check_update&version=2


Rheumato 2023, 3 211

transcends biomechanics, requiring an encyclopedic knowledge/understanding of diseases
and phenomena which “impact” the back directly and indirectly, and what specialty in
medicine incorporates that overview more extensively than rheumatology?

Back pain is a common complaint, and even if it does not “grant” routine access to
rheumatology clinics, its occurrence among individuals with other disorders treated by
those clinics demands that those of us involved in their care be conversant with the recog-
nition of pain derivation and its mitigation. A national survey examining a three-month
interval in 2002 noted the occurrence of back pain in one-fourth of respondents [2]. Given
the shortfall in time permitted for patient interactions, there has been a tendency to defer
to radiologic studies. Unfortunately, few deviations from the normal state (abnormalities)
have specificity (compression fractures, osteomyelitis, neoplasia, and scoliosis are among
the exceptions [3]). The challenge is assessing whether they have diagnostic implications
or are simply incidental findings [4,5].

Not all back pain is related to the vertebral column, nor is all vertebral column
pathology symptomatic, at least as far as producing pain. While fibromyalgia and allodynia
may also be important considerations in the evaluation of back complaints [6], the current
review is limited to phenomena directly affecting the axial skeletal components, that is,
the vertebral bodies and their connections/relationships, and posterior vertebral elements,
including facet joints, as well as sacroiliac disease.

Conversely, there is a critical pathology that is usually not associated with pain
but which has draconian implications if not recognized in a timely manner. Cervical
vertebral subluxation, especially at the atlanto-axial level is a rare but potentially disastrous
complication of inflammatory arthritis, especially of the rheumatoid variety [7]. The normal
conscious state is usually associated with sufficient cervical muscular constraints (normal
muscle tone) to minimize subluxation. Radiologic X-ray views in full (but not forced)
neck flexion and extension are often required for the visualization of this pathology. Such
studies are essential with any interventions that reduce consciousness (e.g., anesthesia)
or require cervical manipulation (e.g., positioning for procedures). Cervical stabilization
collars and/or surgical “correction” may be required.

2. Shape Variation

The normal shapes of the various vertebral sections are highly reproducible, with
pattern deviation identifying pathologic states. The normal complement may be altered,
as well as “positioning” among those sections. Lumbarization of the first sacral verte-
bra may be associated with its own full-sized disc, lumbar-type facets, and even the
anomalous articulation of its transverse process with the adjacent vertebra [8,9]. The
sacralization of L5 involves the elongation and broadening of its transverse processes,
which may even fuse with the sacrum. There are no standardized methods for their
identification [8,10], although Castellvi et al. [11] divided them into dysplastic, incomplete,
complete, or mixed. Such anomalous vertebrae have been reported in 9.9–18.1% and even
up to 36% of patients, with lumbarization and sacralization, reported in 3–7% and 1.7–14%
of patients, respectively [12–16]. Prevalence assessments apparently differ in relation to
“differences in individual diagnostic and classification criteria, observer error, imaging
techniques, and confounding factors of the population being studied” [8], p. 231.

Referred to as lumbarization of sacral vertebrae and sacralization of lumbar vertebrae,
it is unclear if they are actually symptomatic (or at least that they actually are associated
with pain production at least in the absence of diarthrodial joint involvement [8,9,17–22]),
and this will not be discussed further.

Similarly, it is unclear whether either the pseudo-articulation between L5 transverse
processes with the sacrum and Baastrup’s phenomena of the spinous process “kissing” or
the formation of pseudoarthroses (found in 41% of asymptomatic individuals) actually
are sources of pain [3]. The disruption of vertebral pedicles (spondylolysis) is usually
asymptomatic [16,17], even in the presence of a positive bone scan [23]. Baastrup’s dis-
ease/phenomena is present in 81% of individuals aged 90 years old and over, but it has
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also been noted in 41% of asymptomatic individuals [21]. Spinal stenosis is also commonly
reported, but diagnostic criteria have not been standardized, meaning that its significance
in the absence of clinical symptoms is also unclear [24–27].

Angulation, wherein lateral viewing reveals independent variation in anterior and
posterior vertebral body heights, is typically noted in osteoporosis cases. The tendency for
central vertebral body depression facilitates distinguishing the related compression frac-
tures from the apophyseal process responsible for the wedge shape noted in Scheuermann’s
disease, originally termed osteochondritis juvenilis dorsi [28,29]. The vertebral endplate
phenomena, referred to as apophysitis or osteochondrosis, results in a peculiar failure of
anterior vertebral body minor growth centers, in which an increase in vertebral height is
compromised at the expense of increased growth in the anterior aspect (recognized upon
viewing vertebrae from a lateral perspective [30–34]). Diagnosing Scheuermann’s disease
is challenging, as illustrated by the fact that its incidence reportedly ranges from 0.4%
to 8% [29,32,35–38]. Sorenson [39] suggested hyper-kyphosis greater than 40◦, irregular
upper and lower vertebral endplates, and loss of disk space height as the criteria for its
recognition. Alternatively, diagnosis has been predicated on wedging of 5◦ or more in three
consecutive vertebrae in the absence of evidence of traumatic, congenital, or infectious
disease. Anterior extension was noted by Scoles et al. [29] in 94% of Scheuermann’s disease
cases (absent in controls, even with only one or two wedged). While posterior height
was only slightly greater in Scheuermann’s disease, apophysis did not contribute to its
increase [18,40]. Masharawi and Rothschild [41] suggested that the relationship of mid-
vertebral height to anterior and posterior vertebral heights provides a more reproducible
standard for its recognition. The expansion of vertebrae may suggest Paget’s disease [42].
This may present as sclerosis and a thickening of the margins of the vertebral body (giving
it a “picture frame” appearance) or general trabecular coarsening, or it may be diffuse,
producing a dense ivory-like vertebra [33,43,44].

Scheuermann’s disease sometimes afflicts only one or two vertebrae or may result in
significant kyphosis. All kyphosis in adults is structural [34], with Scheuermann’s disease
responsible for 1–8% of hyper-kyphosis [34,38,45]. Contrary to muscular anomaly-related
kyphosis, Scheuermann’s disease is unchanged by forward bending. Kyphosis and possibly
scoliosis may also be the product of arrested development related to the failure of major
vertebral growth centers. This may produce hemi- or even butterfly vertebrae. Posterior
vertebral elements may not fuse to vertebral bodies or may be the result of fractures (e.g.,
spondylolisthesis). Kyphosis and scoliosis are otherwise beyond the scope of the present
discussion, in view of the controversy as to when related symptomatology includes pain.

Osteoporosis is not the only cause of what appears to be compression. This can
result from trauma and avascular necrosis. The latter is especially common in sickle cell
disease [46]. The alterations in the latter tend to be centrally located, imbuing the vertebrae
with an “H” shape as opposed to the fish vertebra-like shape that is more common in
osteoporosis [47]. Other causes of compressed or even flatted vertebrae include pyogenic
and tubercular osteomyelitis, brucellosis, neoplasia (e.g., metastases), and even fungal
infection [48,49]. Brucellosis is associated with a unique anterior excavation just proximal
to the apophysis, forming a groove [50,51]. Avascular necrosis is often recognized because
of internal vertebral “clefts” of resorbed dead bone—recognizable upon X-ray. Similarly,
neoplasia in the form of benign (e.g., hemangioma) and malignant (e.g., osteosarcoma)
bone tumors, multiple myeloma, and leukemia may be recognized upon X-ray, along with
histiocytosis (variably characterized as a neoplasia and as inflammatory or immunologic in
derivation [13,52–54]).

3. Vertebral Endplates

The significance of vertebral endplate abnormalities has been quite controversial. They
have been noted in 56% of male and 30% of female college teachers [37]. Interobserver
reporting is problematic, as there is less than 50% agreement on the nature of endplate
malterations (e.g., defect, erosion, fracture, Schmorl’s nodes) or even their existence [55].
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Schmorl’s nodes are not strongly associated with back pain [56–58]. Zehra et al. [57]
found endplate defects in 67.5% of individuals aged 51.6 +/− 8.5 years of age, noting and
association between their depth and individual age. Samartzis et al. [59] divided them into
patterns based on size, shape, and edge characteristics, an approach that is currently under
investigation and without evidence of the relationship between the presence or absence of
pain. Endplate irregularity and Schmorl’s nodes have been noted in Scheuermann’s disease
but have not been correlated with pain complaints [34,60,61].

Lateral and anterior vertebral body defects (Figure 1) may be caused by pyogenic,
tubercular, and fungal infections, as well as by metastatic disease or by pressure from gouty
tophi or from aortic pulsations related to an aneurysm [62–65].
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Figure 1. Lateral view of two California sea lion Zalophus californicus vertebrae (fused via infectious
spondylitis). Note the vertebral destruction and filigree surface of the surrounding periosteal reaction.

4. Disc Disease

Disc disease is perhaps one of the most controversial aspects in the field, as it is common,
the attribution of symptoms is unclear, and many individuals are asymptomatic [66–68].
Adams and Dolan divided disc degeneration into two phenotypes. One is characterized by
vertebral endplate lesions, which is a significant heritable component [69]. Paradoxically, it
is characterized by circumferential anulus fibrosus tears, in contrast to the second pheno-
type, which has been identified as anulus-driven with radial tears. The latter seems to be
associated with repetitive bending and lifting. It is unclear if these are actually distinct or
even distinguishable.

5. Bridging/Fusion/Ankylosis

Assaults on the organismal stability provided by the vertebral column sometimes
stimulate a restorative response. This may take the form of extrinsic ligamentous ossifi-
cation or new bone formation in intrinsic connecting structures (i.e., the anulus fibrosus,
longitudinal ligaments, or directly through the intervertebral disc). The former identifies
the group of disorders designated as spondyloarthropathy, which includes ankylosing
spondylitis, the arthritis associated with the skin disease psoriasis and inflammatory bowel
disease, reactive arthritis (formerly referred to as Reiter’s syndrome, a name that has



Rheumato 2023, 3 214

subsequently entered obsolescence after his recognition as a war criminal), and an undif-
ferentiated form of arthritis [53,65]. Uniform smooth ossification of the anulus fibrosus
derived directly from endplate edges is characteristic of the arthritis associated with in-
flammatory bowel disease and ankylosing spondylitis (Figure 2), while bulky bridging,
often inserting beyond the endplates, is more characteristic of the other forms [53,65].
Spondyloarthropathy must be distinguished from the uniform, generally left-sided par-
avertebral ligament ossification (referred to as diffuse idiopathic skeletal hyperostosis, i.e.,
DISH) [70]. Usually idiopathic, DISH is also a known complication ingesting excessive
doses of vitamin A/retinoic acid, but it can also present as reactive bone associated with
spondyloarthropathy [71–73]. Ligamentous ossification may also be found with fractures
(traumatic, osteoporosis, or infection-related), although the latter more commonly directly
involves the vertebral body [33,74]. The infection-related destruction of vertebral end-
plates and associated disc destruction often stimulates reactive new bone formation, which
bridges adjacent vertebrae. The resultant ankylosis from any of the above entities may be
so extensive that vertebrae appear coalesced. Such must be distinguished from congeni-
tal/homeobox fusions. The length of the latter is shortened compared to that of vertebrae
ankylosed by spondyloarthropathy and DISH because intervertebral discs (the “spacers”)
do not develop [53]. However, the expansion of one component of fused vertebra is highly
suggestive of an infectious process [65,75,76].
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6. Spondylosis Deformans

Spondylosis deformans is the name now applied to vertebral body osteophytes [77].
They are not a sign of osteoarthritis, and in fact, they appear asymptomatic, unless one
presses on blood vessels or nerve tracts. This contrasts with facet (zygapophyseal) joint
osteophytes, which do identify osteoarthritis [78]. The phenomena referred to as spondy-
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losis deformans appears to be the result of traction osteophytes projecting perpendicular
to the long axis of the vertebral body. While anulus fibrosus disruption and disk prolapse
appear to be important mechanisms for the development of the latter, the phenomena are
generally asymptomatic unless they impinge on neural structures [79,80].

7. Facet Joints

The posterior components of vertebrae deserve scrutiny. Cohen and Raja [81] suggest
that facet disease is responsible for 15% of lower back pain complaints. Zygapophy-
seal (facet) joint osteophytes may be symptomatic, as their erosion may be related to
spondyloarthropathy and calcium pyrophosphate deposition disease (CPPD) [82]. While
Murtagh [83] suggested that facet osteophytes (osteoarthritis) are responsible for more
than 40 percent of lower back pain, facet osteoarthritis is present in 8 to 14% of asymp-
tomatic individuals [84]. Techniques for documenting facet joint-derived pain have been
controversial [85–87]. It is unclear whether pain reduction via the injection of anesthetic
agents can be confidently attributed to facet disease, given the associated infiltration of
surrounding tissues, even if performed under fluoroscopic conditions [81,85,88]. Thus, the
possible alternative diagnosis of muscle strains and even fibromyalgia cannot be dismissed.
The presence of tender areas or trigger point-reproducible pain suggests the latter.

8. Sacroiliac Joint

The most caudal aspect of the axial skeleton is the sacrum and its articulation with
the ilium. That joint has featured prominently in directing attention to the possibility of
spondyloarthropathy [89,90]. Spondyloarthropathy-related sacroiliac erosions must be
distinguished from those produced by infectious processes (e.g., tuberculosis) and from
developmental phenomena. Ankylosis/fusion may be attributed to spondyloarthropathy
if the bridging occurs in the lower two-thirds of the joint, the region that defines the
diarthrodial/synovial-line portion [53]. However, radiologic techniques—for example,
both standard and computed tomography (CT)—actually lack specificity, as demonstrated
by a false positive rate as high as 86%, even with 15 degree angulated views, which
apparently have 100% sensitivity [91–93]. Magnetic resonance imaging (MRI) findings are
suggestive of sacroiliac involvement, which, unfortunately, is also found quite commonly
in normal healthy individuals [5,94,95]. A clinical finding may be helpful: individuals with
spondyloarthropathy often have reduced forward flexion in the back. The Schöber sign
derives from measuring the distance between a line drawn from the iliac crest and a point
10 cm cephalad when the individual is standing upright. A second measurement is made
between those two points when the individual bends at the waist. Expansion to less than
13 cm (3 cm greater than the original distance) indicates the compromised flexion abilities
common among individuals with spondyloarthropathy [96–98].

9. Therapeutic Approach

Phenomena affecting the axial skeleton may be asymptomatic, severely debilitating,
unworthy of attention, only worthy of an observation, or may be worthy of critical interven-
tion. How is that assessment made? Back pain with activity that can be improved by rest
may be related to a specific activity, one which can be avoided or modified, thus resolving
the problem. Persistence in spite of bed rest (note that two days of absolute bed rest often
resolves back pain) suggests that an extensive evaluation is warranted. Please note that the
bed rest has to be absolute; the individual must only arise for toilet use! The exacerbation
of back pain by spinal hyperextension is highly suggestive of facet joint involvement, for
which injection therapy may be considered.

If back pain improves with activity, it is likely inflammatory in derivation [99–101].
Respiration-associated back extension exercises often relieve pain. However, the total
avoidance of flexion activities is essential, as any flexion activity overpowers the benefit of
extension exercises [40]. The presence of fever and/or elevated sedimentation rate (ESR) or
C-reactive protein (CRP) suggests an inflammatory process, but that does not distinguish
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between spondyloarthropathy and infection. The absence of fever or ESR/CRP elevation
does not preclude spondyloarthropathy from being the source of the back pain.

10. Denouement

Some of the inherent limitations in the technology used in the diagnosis of back pain
complaints have been reviewed, emphasizing the preeminent position of clinical experi-
ence, represented by the broad spectrum that characterizes the results of rheumatology
training and practice in its diagnosis. One might question the prevalence of the various
phenomena/diseases that produce back pain. Many phenomena/diseases that produce
back pain are more common than spondyloarthropathy, and failing to diagnose these other
phenomena/diseases would be embarrassing for a rheumatologist. Aneurysm-, infection-,
gout-, and neoplasia-related back pain may be rare [102,103] but will remain undiagnosed
for too long if their possibilities of occurrence are not considered. One will not make
diagnoses that are not considered, even subconsciously. A mentor once shared with me
his experience in a mall. He heard hoofbeats, expecting to see a horse. The source turned
out to be a zebra that had gotten lose from a small menagerie. If he had been unaware of
the difference, the source might not have been identified. This is the case with back pain.
Without a broad background, diagnoses will likely be misapplied and treatable entities will
be overlooked—to the disadvantage of the afflicted.
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