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Disclosures
● Dr. Demetrious owns and operates PostGradDC.com, a 

company that offers advanced online post-graduate continuing 
education.

● Dr. Demetrious is a member of the NCMIC Speakers’ Bureau and 
teaches advanced continuing education course work 
throughout the United States.

● Text and graphics on the following slides are presented for 
educational purposes. Meticulous references and attribution 
have been made to respective authors and copyright holders.

● Opinions expressed in this lecture are solely reflective of the 
instructor’s experience/interpretation of scientific tenets
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Disclaimer: The views and opinions expressed in 
this presentation are solely those of the author .

NCMIC does not set practice standards.

We offer this only to educate and inform.

NCMIC Disclaimer
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Earn NCMIC Premium Discounts

Full-time D.C.s can attend an 8-hour qualifying seminar 
and receive a 5% discount for 3 consecutive years on the 
renewal of their malpractice insurance premium (2.5% 

discount for part-time D.C.s).

To receive the discount, the DC can email or fax a copy of 
their CE form to NCMIC.

5James Demetrious, DC, DABCO - PostGradDC.com

5

6

“It's not what you look at that 
matters, it's what you see.”

~Henry David Thoreau

Purpose…
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Instructive Case
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● It is my hope to:
●Offer chiropractic 

physicians an assessment 
tool and flow chart to order 
and interpret MRI studies 
that will complement the 
reports from board-
certified radiologists.

My Goals for you Today…
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Why, What, Where, When, and How?

11

● WHY?

● To define the neuroradiologic elements of chiropractic subluxation (a term that I still favor!)

● WHAT?

● To better order and interpret the findings of board-certified radiologists and perform overreads 
to attain important chiropractic findings on MRI studies.

● WHERE?

● To provide guidance with regard to MRI prescriptions.

● WHEN?

● To offer an evidence-based review of MRI standards of care and appropriateness criteria.

● How?

● By providing a unique MRI spine assessment tool and flowchart.

James Demetrious, DC, DABCO - PostGradDC.com
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Course Outline

● Indications
● Ordering
● Basic Sequences

● IVD
● Vertebral Body
● Endplate Modic △’s
● Posterior Joints
● Paraspinal MM
● Canal and Foramina

● Cord/Nerve Roots/ Cauda Equina
● Paraspinal/Extra-Vertebral Findings
● Measurements
● Alignment
● Instability/Hardware
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The PostGradDC MRI Spine Assessment Tool

James Demetrious, DC, DABCO - PostGradDC.com

13

14

●To become more proficient at reading spinal MRI:
●Take advanced coursework to be able to read spinal MRI.
●Spend time and shadow local radiologists.
●If unsure about how to order an MRI, consult the ACR 

Appropriateness Criteria, a radiologist, a chiropractic 
orthopedist, and possibly the patient’s medical provider.

●Read the radiologist’s report. 
●Overread images for evidence-based neuroradiologic 

elements of chiropractic subluxation. 

The PostGradDC MRI Spine Assessment Tool
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●Indications:
●Consult the ACR/ 

Appropriateness Criteria.
●Clinical need.

The PostGradDC MRI Spine Assessment Tool
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●Order (if indicated):
● CCJ: Thin slice, axial views from 

CO-C7, coronal views
● Lower C-spine: Sagittal 

obliques views
● Fat-Sat images for edema
● Contrast, if prior spinal surgery, 

suspect infection, or tumor 
(kidney assessment - involve 
PCP)

The PostGradDC MRI Spine Assessment Tool
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● Basic Sequences:
● Water, CSF, Edema:  T2, 
¯T 1,  Fat sat.

● Fat:  T 1, « T 1/T2
● Cortical Bone, Ligament, 

Tendon: ¯ T 1/T2
● Medullary Bone, Cord, 

Nerve: « T 1 / T2
● Contrast:  T 1 post-

surgical, tumors, 
infections

The PostGradDC MRI Spine Assessment Tool

Morgan WE.  Modic Changes: Understanding Reactive Vertebral Endplate 
and Marrow Morphology. Copyright 2015. Bethesda Spine Institute
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● IVD:
● Annular/Ligament Tears: 

Describe location/size
● Desiccation: Describe/list 

levels-Pfirrmann Scale
● Herniations:

● Protrusion, Extrusion, 
Intravertebral

● Containment, continuity, 
relation to PLL and neural 
elements

● Volume/Location

The PostGradDC MRI Spine Assessment Tool
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●Vertebral Body:
●Describe morphology, 
●signal, 

●osteophytes, 

●canal, 
●foraminal intrusion

The PostGradDC MRI Spine Assessment Tool
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●Endplate Modic D’s:
●Modic 1: T2, ¯ T 1

●Modic 2: T2,  T 1
●Modic 3: ¯T2, ¯ T 1

The PostGradDC MRI Spine Assessment Tool

Morgan WE.  Modic Changes: Understanding 
Reactive Vertebral Endplate and Marrow Morphology. 

Copyright 2015. Bethesda Spine Institute
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●Posterior Joints:
● Describe morphology, 

canal/foraminal intrusion
● Synovitis
● Ligaments/capsules: describe tears/ 

thickening, cysts
● Pedicle edema: T2, ¯ T 1,  Fat Sat.
● Peri-articular edema - Czervionke 

scale: T2, ¯ T 1,  Fat Sat.

The PostGradDC MRI Spine Assessment Tool
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●Paraspinal MM:
●Describe atrophy, 
●fatty degeneration, 
●decreased 

volume/cross sectional 
area, 

●edema

The PostGradDC MRI Spine Assessment Tool
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●Canal and Foramina:

●Describe 
morphology,

●Intrusions,

●Volume
●Patency

●AP canal diameter

The PostGradDC MRI Spine Assessment Tool

Radiculomedullary 
Artery

Radiculomedullary 
Vein
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●Cord/Nerve 
Roots/Cauda Equina:
●Morphology
●Describe signal 

intensity
●Deformation

The PostGradDC MRI Spine Assessment Tool
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●Paraspinal/Extra-
Vertebral Findings:
●Tumors

●Phlegmon

The PostGradDC MRI Spine Assessment Tool
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●Measurements:
●CCJ lines/angles

●AP canal diameters

The PostGradDC MRI Spine Assessment Tool

James Demetrious, DC, DABCO - PostGradDC.com
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Syllabus

●MRI Anatomy
●Muscles
●Myodural Bridges
●Ligaments
●MRI of Injured Ligaments
●Chiropractic Subluxation on Imaging
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Clinical Anatomy – Chiropractic - MM
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How important 
is this 

anatomic 
region?
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RCPMi

RCPMaj
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Obliquus 
Capitus Superior

Obliquus 
Capitus 
Inferior
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Obliquus Capitus Superior

Obliquus Capitus Inferior

Rectus Capitus Posterior Major

Rectus Capitus Posterior Minor
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Richard Halgren, Ph.D.

“We hypothesize that entrapment and traction of the C1 dorsal 
ramus during whiplash-type cervical distortions, results in 

denervation atrophy, characterized by fatty infiltration, of the 
RCPMI muscles.”

38James Demetrious, DC, DABCO - PostGradDC.com
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●The presence of positive sharp waves in EMG recordings 
strongly suggests that there are dennervated muscle cells 
in the RCPMI muscle. 

●These findings give support to the hypothesis that neck 
trauma can cause peripheral mononeuropathy resulting 
in dennervation atrophy in skeletal muscle and associated 
clinical symptoms of chronic pain. 

Richard Halgren, Ph.D.

Michigan State University
Department of Physical Medicine & Rehabilitation 

Department of Osteopathic Manipulative Medicine
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Richard Hallgren, PhD.

Control Headache Patient
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Fatty Infiltration in the Cervical Extensor Muscles 
in Persistent Whiplash-Associated Disorders: A 

Magnetic Resonance Imaging Analysis.

Elliott et al. Spine. 31(22):E847-E855, October 15, 2006.

Conclusion. There is significantly greater fatty infiltration in the 
neck extensor muscles, especially in the deeper muscles in the 
upper cervical spine, in subjects with persistent WAD when 
compared with healthy controls. Future studies are required to 
investigate the relationships between muscular alterations and 
symptoms in patients suffering from persistent WAD.
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From:  Elliott: Spine, Volume 31(22).October 15, 2006.E847-E855
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Clinical Anatomy – Chiropractic – Myodural Bridges
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From “The Anatomist’s New Tools”
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Myodural Bridge
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Ward P. Clinical Anatomy.  Submitted June, 2009.
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Ward P. Clinical Anatomy.  Submitted June, 2009.
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Ward P. Clinical Anatomy.  Submitted June, 2009.
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Ward P. Clinical Anatomy.  Submitted June, 2009.
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Myodural Bridge
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Clinical Anatomy – Chiropractic - Ligaments
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Clinical Anatomy – MRI of Injured Ligaments
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Dens (1), presumed anterior 
atlantodental ligaments (2), alar 

ligaments (3), transverse ligament 
(4), and lateral masses of C1 (5). 

MR Imaging Findings in 
Spinal Ligamentous Injury 
Benedetti et al. AJR 2000; 

175:661-665

73James Demetrious, DC, DABCO - PostGradDC.com
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Left alar ligament tear in 19-year-old woman 
with severe neck pain after fall on her head 
while snowboarding. Fixed deviation of dens to 
right was seen on radiograph (not shown):
 
• C1-2 rotatory subluxation was suspected. 
• Isolated tear of left alar ligament (1) and 

deviation of dens (2) toward right with 
respect to lateral masses of C2 (3). 

• Transverse ligament (4) is intact. 

Sagittal images (not shown) depict normal 
alignment of occipital condyles with C2, thus 
no rotatory subluxation is present. 

CT performed before MR imaging was negative 
for fracture and fixed rotatory subluxation. 

MR Imaging Findings in Spinal 
Ligamentous Injury 

Benedetti et al. AJR 2000; 175:661-
665
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Normal apical ligament (1), anterior 
occipitoatlantal membrane (2), 

anterior atlantoaxial membrane (3), 
anterior longitudinal ligament (4), 

tectorial membrane (5), dural 
reflection (6), posterior 

occipitoatlantal membrane (7), 
posterior atlantoaxial membrane (8), 
nuchal ligament (9), flaval ligaments 
(10), area of interspinous ligaments 
(11), and supraspinous ligament (12). 

MR Imaging Findings 
in Spinal Ligamentous 

Injury 
Benedetti et al. AJR 

2000; 175:661-665
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Occipitoatlantal dislocation in 11-year-old boy who was 
neurologically intact after motor vehicle crash. Intact 

(1) and torn (2) portions of anterior occipitoatlantal 
membrane, anterior arch of C1 (3), intact anterior 

atlantoaxial membrane (4), prevertebral edema or 
hemorrhage (5), torn tectorial membrane (6), torn 

posterior occipitoatlantal membrane (7), torn posterior 
atlantoaxial membrane (8), intact dural reflection (9), 
and intact nuchal ligament (10). Before MR imaging, 
full extent of injury and degree of instability were not 

appreciated either clinically or from results of 
radiographs or CT scans. Patient underwent surgical 

fusion shortly thereafter. 

MR Imaging Findings 
in Spinal Ligamentous 

Injury 
Benedetti et al. AJR 

2000; 175:661-665
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Occipitoatlantal dislocation in 11-year-old boy who was neurologically intact after motor 
vehicle crash.  Torn right alar ligament (1), displacement of dens (2) to left with respect 

to lateral masses of C2 (3), and intact transverse ligament (4). 

MR Imaging Findings in Spinal Ligamentous Injury 
Benedetti et al. AJR 2000; 175:661-665
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Teardrop fracture of C7 in 27-year-old man 
involved in motor vehicle crash. Extensive 

posterior paravertebral edema or hemorrhage 
and probable tearing of interspinous ligaments 

(1), partial tear of nuchal ligament (2), flaval 
ligament tear (3), partial tear of posterior 

longitudinal ligament (4), anterior superior 
corner fracture of C7 vertebral body (5), stripping 

of anterior longitudinal ligament from anterior 
surface of C7 vertebral body (6), and prevertebral 

edema or hemorrhage (7). 

MR Imaging Findings in Spinal 
Ligamentous Injury 

Benedetti et al. AJR 2000; 
175:661-665
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A 30 year old female was involved 
in a MVC. Despite 6-months of 
chiropractic care, she reports 
persistent symptoms.

The MRI was interpreted as 
normal.  

What do you see that refutes that 
reading?

Instructive Case…

80James Demetrious, DC, DABCO - PostGradDC.com
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Magnetic Resonance Imaging Assessment of Craniovertebral Ligaments and Membranes 
After Whiplash Trauma

Krakenes, Jostein MD, PhD*; Kaale, Bertel R. MT Spine. Volume 31(24), 15 November 2006, pp 
2820-2826 

• By use of high-resolution MRI, it is possible to assess ligaments and 
membranes in the craniovertebral junction with reasonable reliability.
•Significantly more high-grade lesions in a whiplash injured than in a 
noninjured population.

• There is association between high-grade changes in the alar ligaments 
and clinical impairment.
• There is association between specific lesions and specific trauma 
mechanisms.
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A, Normal anatomy. The tectorial membrane (arrows) is fused with the 
dura mater and extends from the C2 body to the clivus. The posterior 
atlanto-occipital membrane (arrowheads), also fused with the dura 

mater, extends from the posterior arch of the atlas to the occipital bone. 
From:  Krakenes: Spine, Volume 31(24).November 15, 2006. 2820-2826 
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B, A 40-year-old woman sustaining frontal collision 4 years previously. 
Upper part of the tectorial membrane (arrows) is absent; only the dura is 

shown. 
From:  Krakenes: Spine, Volume 31(24).November 15, 2006. 2820-2826 
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From:  Krakenes: Spine, Volume 31(24).November 15, 2006. 2820-2826 
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C, A 46-year-old woman sustaining rear-end collision 11 years previously. The flap 
combined with thinning of the atlanto-occipital membrane/dura complex was 

classified as Grade 3 (arrowheads). 
From:  Krakenes: Spine, Volume 31(24).November 15, 2006. 2820-2826 
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From:  Krakenes: 
Spine, Volume 

31(24).November 
15, 2006. 2820-2826 
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● The main findings were: 

● (1) each DL is composed of a single narrow fibrous strip that extends from the craniovertebral 
junction to T12, and each also features 18–20 triangular extensions that attach to the dura at 
their apices; 

● (2) the triangular extensions are smaller and more numerous at the cervical levels, and are larger 
and less numerous at the thoracic levels; 

● (3) the apices of the extensions attach to the dura via fibrous bands at cervical levels (each band 
3-5 mm long) and lower thoracic levels (21-26 mm long), whereas they attach directly to the dura 
at upper thoracic levels; 

● (4) the narrow fibrous strip of the DL features longitudinally oriented collagen fibers, whereas 
the triangular extensions are composed of transverse and obliquely oriented collagen fibers. The 
collagen fibers are thicker and more abundant at the cervical than at the thoracic levels.
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Denticulate Ligaments

89James Demetrious, DC, DABCO - PostGradDC.com
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Denticulate Ligaments
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J Neurosurg / Volume 114 / February 2011
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NMR Biomed. 2012 July ; 25(7): 891–899.
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Clinical Anatomy – Chiropractic - Subluxations
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Instructive Case…
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John Grostic, DC, FICR
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● The significance of 
Grostic's findings is 
that any subluxation 
of the atlas, by virtue 
of dural attachment, 
could transfer the 
forces of eccentric 
motion into the cord 
via the stronger 
cervical denticulate 
ligaments.

John Grostic, DC, FICR
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Class Outline

● Guidelines and useful resources

● Epidemiology of IVD/Stenosis

● Cases for Consideration

● Prevalence in the Asymptomatic Population

● IVD Anatomy/Physiology

● Causative Factors

● Imaging Insight

● IVD Herniation

● Dynamic stenosis

● Cervical Degenerative Myelopathy

● Tandem Spinal Stenosis

● CES

● Chiropractic Care

● Iatragenic Nightmares
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Tools – Horos DICOM Viewer
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Mandatory Reading
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Some Cases to Consider

107James Demetrious, DC, DABCO - PostGradDC.com
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Instructive Case: 35-year-old male, right radiculopathy…
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Instructive Case: 35-year-old male, right radiculopathy…
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Instructive Case: 70 year old female…
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Instructive Case: 50-year old fireman…

111James Demetrious, DC, DABCO - PostGradDC.com
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Instructive Case: 50-year old fireman…
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Prevalence in the Asymptomatic Population

113James Demetrious, DC, DABCO - PostGradDC.com
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●36% of 98 asymptomatic subjects had normal discs at all 
levels.

●52% of the subjects have a bulge at at least one level.
●27% had a protrusion.
●1% had an extrusion.
●38% had one abnormality at more than one intervertebral disc.
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Guidelines and Standards of Care

117James Demetrious, DC, DABCO - PostGradDC.com
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• These criteria are intended to guide radiologists, radiation oncologists, and 
referring physicians in making decisions regarding radiologic imaging and 
treatment.

• Generally, the complexity and severity of a patient’s clinical condition should 
dictate the selection of appropriate imaging procedures or treatments. 

• The ultimate decision regarding the appropriateness of any specific radiologic 
examination or treatment must be made by the referring physician and 
radiologist in light of all the circumstances presented in an individual 
examination.
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IVD Anatomy and Physiology
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● Hyaline endplate at adulthood – 90% of disc body interface at .6 mm thick

● Large amounts of extracellular matrix with small amount of cells

● Various glycoaminoglycans and collagen types located in preferential regions.

● AF and cartilage elongated and fibroblast like.

● NP cells oval and chondrocyte like.

● Cells often have long thin cell processes that may be involved in sensing mechanical 
strain

● AF – 15-25 lamellae

● Nerves and blood vessels limited degree in adults, restricted to outer few mm. of AF.

● Small number of mechanoreceptors GTO, Ruffini receptors and pacinian corpuscles.

● Elastin localized between layers of lamellae with a few fibers crossing perpendicularly
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IVD Nutrition

Nutrition of the Intervertebral Disc. 
Spine. 29(23):2700-2709, December 1, 2004.

Urban, Jill P.G. PhD  et al.
Results. Small nutrients such as oxygen and glucose are supplied to the disc's cells 

virtually entirely by diffusion; convective transport, arising from load-induced fluid 
movement in and out of the disc, has virtually no direct influence on transport of 

these nutrients. Consequently, there are steep concentration gradients of oxygen, 
glucose, and lactic acid across the disc; oxygen and glucose concentrations are 

lowest in the center of the nucleus where lactic acid concentrations are greatest. The 
actual levels of concentration depend on the balance between diffusive transport 

and cellular demand and can fall to critical levels if the endplate calcifies or 
nutritional demand increases. 

Conclusions. Loss of nutrient supply can lead to cell death, loss of matrix production, 
and increase in matrix degradation and hence to disc degeneration.
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NUTRIENT SUPPLY AND INTERVERTEBRAL DISC 
METABOLISM 

 Grunhagen et al. JBJS. Volume 88 Supplement 2, April 2006, p 30–35.
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●The capillaries are protected by a dense hyaline cartilage end plate 
that is lower in hydration than that of articular cartilage 30,31; it 
limits transport of large molecules into and out of the disc 32. 

● In aging, degeneration, or disorders such as scoliosis, this end 
plate tends to calcify by unknown mechanisms; severe 
calcification acts as a barrier to nutrient transport and is thought 
to be a major factor in the development of disc degeneration 33. 

● In scoliotic discs at least, cell death correlates with loss of nutrient 
supply and end-plate calcification 34,35.

NUTRIENT SUPPLY AND INTERVERTEBRAL DISC 
METABOLISM 

 Grunhagen et al. JBJS. Volume 88 Supplement 2, April 2006, p 30–35.
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ISSLS Prize Winner: A Study of Diffusion in Human Lumbar 
Discs: A Serial Magnetic Resonance Imaging Study 

Documenting the Influence of the Endplate on Diffusion in 
Normal and Degenerate Discs. 

Rajasekaran et al. Spine. 29(23):2654-2667, December 1, 2004.

Objectives. To document the temporal pattern of diffusion in normal human 
lumbar discs and to study the influence of the vascularity of bone and the 

status of endplate on diffusion in the normal and degenerate discs. 

Methods. The diffusion pattern over 24 hours following gadodiamide injection 
was studied in 150 discs (96 normal and 54 degenerate). Signal intensity 

values for three regions of interest in bone (i.e., vertebral body, subchondral 
bone, and endplate zone) and seven in the disc were calculated, and normal 

percentiles of diffusion were derived for these regions. 

Conclusions. Serial postcontrast magnetic resonance imaging studies offer a 
reliable method of assessing the diffusion of the discs and the functional 

status of the endplate cartilage. Endplate cartilage damage increases with 
age and produces considerable changes in diffusion. The present study has 
described reliable signs by which these damages can be identified in vivo. 

Aging and degeneration have been shown to be two separate processes by 
documenting clear-cut differences in diffusion. 
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The EPZ defect may be widespread centrally (d) and may extend to 
the periphery also (e). e, Disc of a L5-S1 sacralized segment. There 
are wide alterations in the superior EPZ, but the inferior EPZ is well 
maintained, probably protected because of lack of movements. In 
listhesis (f), the EPZ is sometimes lost completely. G, MRI of a 27-
year-old untrained weight lifter with back pain showing EPZ 
change of different degrees in various levels. e to g, The findings 
suggest that endplate damage is strongly influenced by 
movements and mechanical loading. 

From:  Rajasekaran: Spine, Volume 29(23).December 1, 2004.2654-
2667
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Causative Factors
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Rim Lesions

●15/16 subjects who died of major 
trauma showed IVD endplate clefts 
or “Rim Lesions”

●MRI did not visualize all of these 
lesions.

●Suggested a source of pain.

Acute Injuries to Cervical Joints. An Autopsy Study of 
Neck Sprain

Taylor JR, Twomey LT. Spine 1993
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Perinuclear tears (PNT) and a radiating tear (RT). 
Vernon Roberts: Spine, Volume 32(25).December 1, 2007.2797-2804
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Vernon Roberts: Spine, Volume 32(25).December 1, 2007.2797-2804
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Neovascularization of a radiating tear (RT) in the L4–L5 disc showing that some vessels 
attached to the inner surface have walls composed only of a single layer of endothelial cells 

(arrows). 
Vernon Roberts: Spine, Volume 32(25).December 1, 2007.2797-2804
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Possible Pathogenesis of Painful Intervertebral Disc Degeneration
Peng, Baogan MD, PhD  et al. Spine, Volume 31(5), 1 March 2006, pp 560-56

 
To study the pathogenesis of disc degeneration, meanwhile discriminating between common 

disc degeneration and painful disc degeneration .

Results. The distinct histologic characteristic of the disc from the patient with discogenic low 
back pain was the ingrowth of vascularized granulation tissue along torn fissures, extending 

from the external layer of the anulus fibrosus into the nucleus pulposus. 

Conclusions. The findings indicated that degeneration of the painful disc might originate from 
the injury and subsequent repair of anulus fibrosus. Growth factors, such as bFGF and TGF-
[beta]1, macrophages and mast cells might play a key role in the repair of the injured anulus 

fibrosus and subsequent disc degeneration.
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A, The ingrowth of vascularized 
granulation tissue into anulus along 
tear in painful disc. 

B, A strip of granulation tissue and 
surrounding tissue in anulus showing 
fibrosis in surrounding tissue. 

From:  Peng: Spine, Volume 
31(5).March 1, 2006.560-566
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Mast cells in granulation tissue in painful disc.
 From:  Peng: Spine, Volume 31(5).March 1, 2006.560-566
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From: Peng: Spine, 
Volume 31(5).March 1, 
2006.560-566

149James Demetrious, DC, DABCO - PostGradDC.com

149

What is Intervertebral Disc Degeneration, and What Causes It?
Adams et al. Spine. Volume 31(18), 15 August 2006, pp 2151-2161 

● In adult discs, blood vessels are normally 
restricted to the outmost layers of the anulus. 
Metabolite transport is by diffusion, which is 
important for small molecules, and by bulk 
fluid flow, which is important for large 
molecules.

● Low oxygen tension in the center of a disc 
leads to anaerobic metabolism, resulting in a 
high concentration of lactic acid and low pH.

● In vitro experiments show that a chronic lack 
of oxygen causes nucleus cells to become 
quiescent, whereas a chronic lack of glucose 
can kill them.
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Apoptosis and Necrosis

● The term apoptosis was coined in a now-
classic paper by Kerr, Wyllie, and Currie (Brit 
J. Cancer 26:239) in 1972 as a means of 
distinguishing a morphologically distinctive 
form of cell death which was associated with 
normal physiology. 

● Apoptosis was distinguished from necrosis, 
which was associated with acute injury to 
cells. 

From: NIH Special Interest Groups - Apoptosis Interest Group: 
http://www.nih.gov/sigs/aig/index.html
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IVD Nutrition-Pump Mechanism

●Intervertebral discs make up about one-third of the length 
of the spine and constitute the largest organ in the body 
without its own blood supply. 

●The discs receive their blood supply through movement 
as they soak up nutrients. 

●When this movement process is inhibited through injury 
or poor posture, the discs gradually degenerate over time.

152James Demetrious, DC, DABCO - PostGradDC.com

152



11/30/23

77

Imaging Clues
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Czervionke LF, Fenton DS. Imaging Painful Spine Disorders. 
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Czervionke LF, Fenton DS. Imaging Painful Spine Disorders. 
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Czervionke LF, Fenton DS. Imaging Painful Spine Disorders. 
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The Cleveland Clinic
Michael T. Modic, M.D. 
Chairman, Division of Radiology 
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Modic Classification

Vertebral body marrow changes (Modic's classification) 

Reactive vertebral body modifications 
associated with disc inflammation and 
degenerative disc disease, as seen on 

MR images. 
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Morgan WE.  Modic 
Changes: 

Understanding 
Reactive Vertebral 

Endplate and 
Marrow 

Morphology. 
Copyright 2015. 
Bethesda Spine 

Institute
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Morgan WE.  Modic Changes: Understanding Reactive 
Vertebral Endplate and Marrow Morphology. Copyright 

2015. Bethesda Spine Institute
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Modified Pfirrmann Grading System for Lumbar Intervertebral Disc Degeneration
 Griffith: Spine, Volume 32(24).November 15, 2007.E708-E712

Key Points 
●An 8-level modified MR-based grading system 

for lumbar disc degeneration is presented.
●This system, applied to elderly subjects, is easy 

to understand, easy to use, reliable, and 
discriminatory.

● It will help in assignment of lumbar disc 
degeneration severity for clinical or research 
purposes.
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Modified Grading System for Lumbar Disc Degeneration 
From:  Griffith: Spine, Volume 32(24).November 15, 2007.E708-E712
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Modified Grading System for Lumbar Disc Degeneration 
From:  Griffith: Spine, Volume 32(24).November 15, 2007.E708-E712
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Jinkins. Hong Kong Coll 
Radiology 2003; 6: 55-74.
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PLOS ONE | DOI:10.1371/journal.pone.0160111 September 20, 2016
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PLOS ONE | DOI:10.1371/journal.pone.0160111 September 20, 2016
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PLOS ONE | DOI:10.1371/journal.pone.0160111 September 20, 2016

173James Demetrious, DC, DABCO - PostGradDC.com

173

IVD Herniation
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SPINE Volume  39,  Number 2  4,  pp E  1448- E  1465 
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“MRI Vision”
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Rauschning Grading System for disc 
protrusions is based on the assessment of 
the normal specimens and actual disc 
herniations: 

Grade 0: straight contour of the posterior annulus 
fibrosus. 
Grade 1: small annulus fibrosus protrusion. 
Grade 2: medium–size annulus protrusion obliterating 
2/3 of the anterior epidural and subarachnoid spaces. 
Grade 3: large disc protrusion dislocating the spinal cord 
posteriorly. 
Grade 4: large disc protrusions compressing the spinal 
cord. 
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Cervical Roots as Origin of Pain in the Neck or Scapular Regions
Tanaka et al. Spine. Volume 31(17), 1 August 2006, pp E568-E573

● A prospective study was conducted to determine 
whether the pain in the neck or scapular regions 
in patients with cervical radiculopathy originates 
from the compressed root and whether the site 
of the pain is useful for diagnosing the level.

● It was confirmed through this study that scapular 
region pain is generally the initial symptom in 
radiculopathy and can persist alone before the 
arm or finger symptoms develop.

● Pain in the scapular region can originate directly 
in the compressed root, and the site of the pain is 
valuable for determining the localization of the 
involved root.
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Dynamic Stenosis
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Morphologic Changes in the Cervical Neural Foramen due to 
Flexion and Extension: In Vivo Imaging Study. 

Kitagawa et.al. Spine. 29(24):2821-2825, December 15, 2004.

Conclusions. The present results are consistent with those of previous 
in vitro studies and may explain the clinical observation that cervical 

extension aggravates symptoms in patients with cervical 
radiculopathy and that flexion often relieves them.
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Upright MRI
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Upright MRI
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Upright MRI

191James Demetrious, DC, DABCO - PostGradDC.com

191

192James Demetrious, DC, DABCO - PostGradDC.com

192



11/30/23

97

Cervical Degenerative Myelopathy
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History: This 67 yr. old female 
presented with history of 
numbness/tingling in left upper 
extremity, several weeks duration. 
Recent investigations for this 
complaint included an EKG and NCV 
studies. More recent onset of urinary 
urgency, bilateral aching pain in the 
lower extremities and "loss of control" 
of the right leg prompted 
consultation with another physician 
who ordered MRI examination, 
images of which are shown here. 

Cervical Spondylotic Myelopathy
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Cervical Spondylotic Myelopathy
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Cervical Spondylotic Myelopathy

196James Demetrious, DC, DABCO - PostGradDC.com

196



11/30/23

99

Cervical Spondylotic Myelopathy
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Instructive Case
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Hoffman’s Sign
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Tromner Sign
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Tandem Spinal Stenosis
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● Tandem spinal stenosis (TSS) is defined as stenosis affecting two or more 
noncontiguous anatomic regions of the spine. 

● Classically, TSS is considered as the one which simultaneously affects the 
cervical and lumbar region, but the thoracic spine can also be involved, and in 
rare instances, all three regions of the spine may be affected simultaneously.1-3 

● TSS may present with a constellation of symptoms and signs that can confuse 
and mislead the clinician. 

● It may be difficult to persuade a patient presenting with lumbar spine–
dominant symptoms that a previously undetected cervical spinal stenosis 
(CSS) is a greater priority for intervention and vice versa. 
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CES
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Summary of Background Data.

● CES is a neurologic impairment of variable symptoms associating urinary, bowel, and 
sexual dysfunctions with or without motor or sensitive deficits caused by nerve root 
compression of the cauda equina. 

● The definition of CES remains debated, as well as the prognosis factors for favorable 
functional recovery and the benefit of early surgery.
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Results

● The patients were young with a median age of 46.8 years (range 18–86 yrs). At presentation:
● 60% were affected by a motor deficit, 

● 42.8% a sensitive deficit, 

● 70% urinary dysfunctions, and 

● 44% bowel dysfunctions. 

● The mean follow-up was 15.5 months. 
● Time to surgery within an early timing < 24 or 48 hours or later did not represent a prognosis factor of 

recovery in CES. 
● Incomplete versus complete CES did not show better recovery.
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207

● …the minimal space that is occupied by the 
dural sac and is necessary for the nerve roots of 
the cauda equina is about 77±13 mm2 at the 
level of L3. 

● Any reduction of this area causes an increase in 
the intrathecal pressure of the cerebrospinal 
fluid between the nerve roots of the cauda 
equina. 

● …the pressure inside the dural sac of the cauda 
equina elevates when the cross-sectional area 
ranges between 60 and 80 mm2. 

● As a result, if the cross-sectional area of the 
dural sac decreases to 63 ± 13 mm2, the 
pressure is increased to 50 mmHg. 

● …if the cross sectional area of the dural sac is 
reduced to 57±11 mm2, the pressure increases 
to 100 mmHg. 

● Therefore, a small reduction can cause an 
abrupt increase in the pressure inside the dural 
sac.6,7 

P
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Chiropractic Care of IVD HNP, DCM AND CES
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J Manipulative Physiol Ther 2016;39:565-575.
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J Manipulative Physiol Ther 2016;39:210-217.
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J Manipulative Physiol Ther 2016;39:565-575.
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The Facet Syndrome:
Zygapophyseal Joints and Chiropractic Care

James Demetrious, DC, DABCO
Diplomate, American Board of Chiropractic Orthopedists
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“To always care for patients in a 
manner that best serves their 

health, interests, and well-being. 
To continue to learn, teach and 

share our knowledge and ability 
to help others.”

~ James Demetrious, DC, DABCO

Purpose…
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Course Syllabus

●Introduction – How Chiropractic Works

●Anatomy

●Peri-Articular Edema and Synovitis
●Meniscoids, plica and cartilage

●HVLA, LVLA and traction
●Chiropractic AEs
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One day, I was playing tennis with a friend…
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Intra-
Articular 
Causes

Extra-
Articular 
Causes

Neurogenic 
Causes

Segmental 
Hypo-

Mobility

How Chiropractic Works

220James Demetrious, DC, DABCO - PostGradDC.com

220



11/30/23

111

Anatomy
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Jinkins. European 
Journal of Radiology; 

50 (2004) 134-158.
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Radiculomedullary Artery

Radiculomedullary Vein

Jinkins. European 
Journal of Radiology; 

50 (2004) 134-158.
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Jinkins. European 
Journal of Radiology; 

50 (2004) 134-158.
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Journal of Radiology; 
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Jinkins. European 
Journal of Radiology; 

50 (2004) 134-158.
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Degenerative Foraminal Stenosis
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Jinkins. European 
Journal of Radiology; 

50 (2004) 134-158.
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Synovial Cyst
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Radiol Clin N Am 50 (2012) 705–730.
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Conclusions

●Our investigation supports our primary hypothesis that adjacent 
facet degenerative changes alone, in the absence of disc space 
narrowing, can cause thickening of the LF. 

●Moreover, post-contrast images of LF thickening and FH support 
our secondary hypothesis that inflammatory changes 
surrounding the degenerative facet joint may be the inciting 
etiology of this thickening.
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● Therefore, it was observed that facet tropism is related to lumbar disc herniation 
and degenerative lumbar spondylolisthesis. 

● Our meta-analysis demonstrated a unique link between the facet tropism and the 
lumbar disk degeneration along with degenerative lumbar spondylolisthesis.
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Fat-suppression MR techniques. A 45-year-old woman presents with LBP worse with sitting. L5 pedicle edema (white 
arrow) and posterior L4-L5 facet synovial cyst (white arrowhead) are poorly visualized on standard fast spin-echo (FSE) T2-

weighted sagittal sequence (A), and are much better demonstrated on fat-saturated FSE T2-weighted (B) and fat-saturated 
contrast-enhanced (CE) T1-weighted sagittal images (C). The fat-saturated CE  T1-weighted sagittal sequence (C) best 

demonstrates facet edema and extensive periarticular soft tissue inflammation (black arrows).

Fast Spin Echo FSE Fat Saturated FSE T2 Fat-saturated Contrast-
Enhanced (CE)
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FDG-PET/CT facet synovitis. A 68-year-old man with a history of small cell lung carcinoma presents with right neck pain. 
Axial FDG-PET/CT image (A) shows increased radiotracer uptake on the right at C4-C5. Sagittal CT (B) demonstrates facet 

osteoarthrosis with subchondral sclerosis and cysts. Fat-suppressed CE T1-weighted MR image (C) demonstrates facet 
synovitis with bone marrow edema and periarticular soft-tissue inflammation (white arrows).
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Baastrup phenomenon and 
interspinal bursitis. A 84-year-old 

man presents with LBP and
neurogenic claudication. Sagittal fat-
suppressed T1- weighted MR image 

shows multilevel interspinous
(arrowheads) and supraspinous 
(arrows) ligament degenerative 

inflammation and enhancement. 
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How Does Chiropractic Work?
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How Chiropractic Works
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How Chiropractic Works – Intra-Articular Segmental Hypomobility
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How Chiropractic Works – Intra-Articular Segmental Hypomobility
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Z-Joint Edema

Synovial 
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Intra-Articular
Loose Bodies

Intra-Articular
Adhesions

Knee Surg Relat Res 2013;25(4):202-206. 

Gaillard, F. Intra-articular loose bodies. 
Radiopaedia.org. 

Farrell et al. JMPT, 43, 6, 2020: 579-587.

https://dx.doi.org/10.1594/ecr2016/C-1225

Feger J. Synovial Hypertrophy. Radiopaedia.org.
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How Chiropractic Works – Extra-Articular Segmental Hypomobility

Extra-
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Segmental
Hypomobility

Capsular 
Thickening

Extra-Articular
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Disuse
Atrophy

Denervation
Atrophy

Myofascial
Adhesions

Yoshiiwa et al. (2016) ASJl 10, 1132 - 1140.

Skeletal Radiol (2021) 50:2541–2548. 

Elliott: Spine, (2006) 31(22)..E847-E855.

Richard Hallgren, PhD.

JB & MT (2013) 17,356-364.
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How Chiropractic Works – Neurogenic Segmental Hypomobility

Neurogenic
Segmental

Hypomobility

Neurogenic
Hypertonicity

Trigger
Points

Pain-Fear
Avoidance

Psycho-Social

Iatragenic 
Denervation

284James Demetrious, DC, DABCO - PostGradDC.com

284



11/30/23

143

How Chiropractic Works – Neurogenic Segmental Hypomobility

Neurogenic
Segmental

Hypomobility

Neurogenic
Hypertonicity

Trigger
Points

Pain-Fear
Avoidance

Psycho-Social

Iatragenic 
Denervation

Travell and Simons’ The Trigger Point 
Manual.. 1999.

Ellingsen et al. (2018) Journal of Pain.

dx.doi.org/10.1136/bjsports-2018-099816

Fu et al. 2020. Scientific Reports 10.
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Reactions of Synovial Membrane

● The synovial membrane, which secrete synovial fluid for both nutrition and 
lubrication of the articular cartilage, is capable of reacting to abnormal conditions in 
one or more of three ways:

● By producing an excessive amount of fluid (effusion),

● By becoming thicker (hypertrophy),

● By forming intra-articular adhesions between itself and the articular cartilage.

● A joint effusion may be serous, inflammatory or hemorrhagic.

Salter: Continuous Passive Motion
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Reactions of Synovial Membrane

● A joint effusion may be serous, inflammatory or hemorrhagic.

● All but the transient effusions cause a second reaction in the synovial membrane, 
namely varying degrees of synovial hypertrophy.

● Synovial adhesions can also form, especially as the result of a prolonged limitation of 
joint motion from any cause, including prolonged immobilization of the abnormal.

● This explains the well-known clinical observation that prolonged immobilization of a 
diseased or injured joint is more likely to lead to persistent joint stiffness.

Salter: Continuous Passive Motion
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Reaction of the Synovial Membrane

● Small fragments of abraded that cartilage may float in the synovial fluid as loose bodies 
but tend to become incorporated in the synovial membrane which, in turn, reacts by 
undergoing hypertrophy and producing a moderate synovial effusion.

● The synovial fluid of such an effusion has an increased mucin content and consequently 
exhibits increased viscosity.

● The fibrous capsule becomes greatly thickened and fibrotic thereby limiting joint motion 
even further.

Salter: Continuous Passive Motion
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Meniscoids, Plica and Cartilage
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Peripheral Proliferation
● The peripheral rim of articular cartilage of a synovial joint, is covered by a type of perichondrium 

which is continuous with the synovial membrane.

● In the presence of cartilage degeneration, the peripheral perichondrium proliferates and gradually 
produces an almost complete peripheral rim (which in any single radiographic projection 
resembles a lip or a spur).

● Subsequently, it’s deeper part undergoes endochondral ossification (osteophyte formation).

● This explains why osteophytes associated with degenerative joint disease are always covered with 
cartilage.

Salter: Continuous Passive Motion
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 Segmental Hypomobility

Farrell et al. JMPT, 43, 6, 2020: 579-587.

James Demetrious, DC, DABCO - PostGradDC.com

295

296James Demetrious, DC, DABCO - PostGradDC.com

296



11/30/23

149

● The mediopatellar plica is a synovial fold representing in embryonic remnant from 
the developmental process of the synovial cavity formation in the knee.

● It can be directly visualized by arthroscopy, but can also be evaluated noninvasively 
using conventional MRI.

● Asymptomatic synovial plicae may be found within structurally normal knee joints.

● However, direct trauma, repetitive sports activities, or other pathologic knee 
conditions may provoke secondary inflammation in the synovial tissues around the 
plica, and may result in increasing fibrotic changes, loss of elasticity, and varying 
degrees of synovitis.

Hayashi et al. BMC Musculoskeletal Disorders 2013, 14:292 
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Vassiou K, et al. Postgrad Med J 2015;91:35–40. 
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● Synovial plicae are normal anatomic structures of the knee that may become 
symptomatic.

● The MRI is an established technique for evaluating the anatomy of the knee, 
and it is a valuable tool for detecting plicae because of its high resolution 
resulting in increased tissue characterization.

● At MRI, knee plicae appear as low intensity structures of variable size and 
thickness and they are better visualized at fluid sensitive sequences with or 
without fat suppression.

● The combined use of clinical examination and MRI may also facilitate the 
diagnosis of fibrotic or inflamed plicae that may be symptomatic.

Vassiou K, et al. Postgrad Med J 2015;91:35–40. 

300James Demetrious, DC, DABCO - PostGradDC.com

300



11/30/23

151

Vassiou K, et al. Postgrad Med J 2015;91:35–40. 

301James Demetrious, DC, DABCO - PostGradDC.com

301

Vassiou K, et al. Postgrad Med J 2015;91:35–40. 

302James Demetrious, DC, DABCO - PostGradDC.com

302



11/30/23

152

● Symptomatic plicae are thickened structures secondary to knee trauma, or 
other pathologic conditions of the knee.

● The most commonly symptomatic plica is the medial.

● Arthroscopy is considered to be the gold standard for identification of knee 
plicae.

● The presence of symptomatic plica has been correlated with knee 
impingement syndromes and early osteoarthritis.

Vassiou K, et al. Postgrad Med J 2015;91:35–40. 
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PLOS 1. November 2013 | Volume 8 | Issue 11 | e79662

● Osteoarthritis is characterized by degradation of the 
cartilage matrix and gradually progresses without any 
repair of the damaged tissue, leading to pathologic 
changes in the joints.

● Previous studies on patients with OA of the knee have 
focused on degradation of the cartilage extracellular 
matrix.

● More recently, synovial tissue inflammation was also 
found to be a pathogenetic factor in the OA knee.

● There is evidence for the role of pathologic medial plica 
in the pathogenesis of medial compartment OA of the 
knee joint.

● Pannus-like tissue shows dense vascularity and contains 
aggressive macrophage-like cells and invasive fibroblast 
like cells.

● These cells, which may originate from the bone marrow 
or synovial membrane might contribute to cartilage 
erosion.

● It was recently demonstrated that matrix 
metalloproteinase (MMP)-3 mRNA and protein are 
highly expressed in the medial plica and pannus like 
tissue of the knees of patients with early-stage medial 
compartment OA.
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Outerbridge Classification

A grading system for joint cartilage breakdown:

Grade 0 - normal

Grade I - cartilage with softening and swelling

Grade II - a partial-thickness defect with fissures on 
the surface that do not reach subchondral bone or 
exceed 1.5 cm in diameter

Grade III - fissuring to the level of subchondral bone in 
an area with a diameter more than 1.5 cm  

Grade IV - exposed subchondral bone

Subchondral bone is the bone underneath the white 
joint cartilage.
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Intra-Articular Adhesions
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Continuous Passive Motion – Robert B. Salter, MD
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Intra-
Articular 

Debris

Gaillard, F., Bell, D. Intra-articular loose bodies. Reference article, 
Radiopaedia.org. (accessed on 14 Jun 2022) 

https://doi.org/10.53347/rID-1516
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Malek Racy, MD
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Capsular 
Thickening

 Segmental Hypomobility

Yoshiiwa et al. (2016). Asian Spine Journal, 10, 1132 - 1140.
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Extra-Articular Adhesions
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Skeletal Radiol (2021) 50:2541–2548. 
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Reactions of Joint Capsular Ligaments

● The fibers capsule and ligaments allow the design range of joint motion that provide 
stability of the joint by preventing undesired motion.

● These structures react to abnormal conditions either by becoming stretched and 
elongated (joint laxity), thereby causing instability of the joint, or becoming tight and 
shortened (joint contracture), thereby restricting the range of joint motion.

Salter: Continuous Passive Motion
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Neurogenic 
Hyper-

Tonicity

 Segmental Hypomobility

Spasticity
Spasticity is a condition in which muscles stiffen or 
tighten, preventing normal fluid movement. The 
muscles remain contracted and resist 
being stretched, thus affecting movement, speech 
and gait.

Causes
Spasticity is generally caused by damage or disruption to 
the area of the brain and spinal cord that are responsible 
for controlling muscle and stretch reflexes. These 
disruptions can be due to an imbalance in the inhibitory 
and excitatory signals sent to the muscles, causing them 
to lock in place.

https://www.aans.org/Patients/Neurosurgical-Conditions-and-
Treatments/Spasticity
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Trigger Points

 Segmental Hypomobility

Simons DG, Travell JG, Simons LS. Travell and Simons’ Myofascial 
Pain and Dysfunction: The Trigger Point Manual. Vol. 1. 2nd ed. 

Baltimore, MD: Williams & Wilkins, 1999.
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Muscle Spindles

321

Muscle spindles are elongated 
receptors which monitor the 

state of muscle length, supplying 
afferent signals to the central 

nervous system (CNS), thereby 
conferring proprioceptive control. 

James Demetrious, DC, DABCO - PostGradDC.com

321

Muscle Spindles

322James Demetrious, DC, DABCO - PostGradDC.com

322



11/30/23

162

323

Light microscopic image of 
multifidus muscle taken in 
transverse section. Using 

this histological stain, 
muscle fibers stain red and 
connective tissue blue. This 

image illustrates the 
appearance of a muscle 

spindle, seen encapsulated 
at its center.

Muscle Spindles
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Trigger Points
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• Trigger points are sympathetically hyperstimulated muscle spindles.  

• The spindle becomes injured with sudden or repeated over-stretch of the involved muscle.  This 
injury would normally heal over a few days, but is unable to do so if there is also tension in the 
spindles. 

• Spindle tension is caused by adrenalin, the same hormone that can increase the heart rate, 
change blood flow and regulate many other internal body functions.

Trager RJ, et al. BMJ Open 2022;12:e058769. 
doi:10.1136/bmjopen-2021-058769. 
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The spindle capsule is shown in 
blue.  The capsule is filled with 
hyaluronic acid and is a pressure 
and pain-sensitive structure, like 
any viscus.  Inside the capsule are 
the intrafusal muscle fibers.  The 
spindle is approximately the size of 
a swollen grain of rice and has 
been called the "eye" of the muscle, 
providing information on the 
degree of stretch, tension, and 
pressure within the muscle.  

Trigger Points

James Demetrious, DC, DABCO - PostGradDC.com

325

326

A biopsy of the trigger point, 
obtained by needle-EMG-
guidied injection of 
methylene blue showed a 
muscle spindle.  In the cross-
sectional biopsy one can 
seen the spindle capsule 
containing two bag and four 
chain intrafusal muscle 
fibers, and surrounded by 
extrafusal muscle fibers.

Trigger Points
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●Myofascial trigger points 
are local thickenings of 
individual muscle fibers 
that are caused by 
contractions of a small 
group of sarcomeres 
(Siegfried Mense, 2008).
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The current study examined spindle characteristics for an intrinsic neck muscle 
pair (multifidus and longus colli) whose coactivation contributes to segmental 

stability of the cervical spine. 

Boyd Clark: Spine, Volume 27(7).April 1, 2002.694-701

Trigger Points
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HVLA–SM and LVLA-SM
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HVLA–SM
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HVLA–SM
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LVLA–SM – Cox Flexion-Distraction
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Instructive Cases
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●Although studies have demonstrated that uncomplicated 
acute LBP and radiculopathy are self limited conditions that 
do not warrant any imaging, most professional organizations 
have recommendations for imaging of LBP in patients with 
LBP of 6 weeks’ duration or with red flags such as:

●  severe or progressive neurological deficit (eg, bowel or bladder function, saddle parasthesia), 

● fever, 

● trauma, 

● sudden back pain with spinal tenderness (especially with history of osteoporosis, cancer, or steroid 
use), 

● or history of serious medical condition (eg, cancer). 
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●13-year-old male-baseball player
●Severe (7/10) lower back-L5/S1- with S1 

paresthesias and radiculitis
●Negative bladder, bowel, weakness
●Onset-4 weeks-negative injuries, trauma or 

illnesses.
●Afebrile.

Instructive Case…
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Instructive Case…
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The Thoracic Spine
Differential Assessment

James Demetrious, DC, DABCO
Diplomate, American Board of Chiropractic Orthopedists

w w w . P o s t G r a d D C . c o m

351

The Thoracic Spine

●Anatomy
●The Thorax

●Thoracic Disc Herniation
●DDX
●Osteoporosis
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“With sound heart and mind, 
the chiropractor improves lives 

through their intellect, heart and 
hands. In this regard, 

chiropractic is truly special.”

~ James Demetrious, DC, DABCO

Purpose…
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MRI Anatomy

Semin Ultrasound CT 
MRI 37:466-481 2016
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MRI Anatomy

Spine 48(12):p E177-E187, June 15, 2023.
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Recommended Text – MRI Anatomy
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Czervionke LF, Fenton DS. Imaging Painful Spine Disorders. 

Recommended Text
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The Thorax
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Costochondritis
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Instructive Case

Jones, J., Lustosa, L. Pleural effusion. Reference article, Radiopaedia.org. (accessed on 20 
Oct 2022) https://doi.org/10.53347/rID-6159.
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Plain Radiograph

●Chest radiographs are the most commonly used examination to 
assess for the presence of pleural effusion; however, it should be 
noted that on a routine erect chest x-ray as much as 250-600 mL of 
fluid is required before it becomes evident 6. 

●A lateral decubitus projection is most sensitive, able to identify 
even a small amount of fluid. At the other extreme, supine 
projections can mask large quantities of fluid.

Jones, J., Lustosa, L. Pleural effusion. Reference article, Radiopaedia.org. (accessed on 20 
Oct 2022) https://doi.org/10.53347/rID-6159.

Pleural Effusion
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Differential Diagnosis

● Imaging differential considerations include:
● raised hemidiaphragm, e.g. hepatomegaly, phrenic nerve palsy

●collapse or consolidation

●pleural thickening, e.g. old tuberculosis or empyema
● inferior pulmonary ligament

●poor radiographic technique
Jones, J., Lustosa, L. Pleural effusion. Reference article, Radiopaedia.org. (accessed 

on 20 Oct 2022) https://doi.org/10.53347/rID-6159.

Pleural Effusion
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Pericardial Effusion

Clinical Presentation

● Clinical presentation of pericardial effusions does not relate so much to the size of the 
effusion but rather the speed at which the fluid has accumulated, as slow gradual 
accumulation allows the pericardium to stretch and accommodate much larger volumes 
of fluid 4.

● Regardless of volume, symptoms relate to impaired cardiac function due to 
intrapericardial pressure approximating intracardiac pressure leading to an impaired 
filling of low-pressure chambers, particularly the right atrium.

● Dyspnea and reduced exercise tolerance will be early signs, progressing to severe 
impaired cardiac output and death in severe cases (e.g. cardiac tamponade).

Gaillard, F., Hacking, C. Pericardial effusion. Reference article, Radiopaedia.org. 
(accessed on 20 Oct 2022) https://doi.org/10.53347/rID-7729
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Gaillard, F., Hacking, C. Pericardial 
effusion. Reference article, 

Radiopaedia.org. (accessed on 20 Oct 
2022) https://doi.org/10.53347/rID-7729

Pericardial Effusion
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Pericardial Effusion

Plain Radiograph
● Small pericardial effusions are often occult on plain film. Greater than 200 mL of pericardial 

fluid is usually required to become radiographically visible. Radiographic signs include:

• there can be globular enlargement of the cardiac shadow giving a water bottle configuration
• lateral CXR may show a vertical opaque line (pericardial fluid) separating a vertical lucent line 

directly behind the sternum (pericardial fat) anteriorly from a similar lucent vertical lucent line 
(epicardial fat) posteriorly; this is known as the Oreo cookie sign 5

• widening of the subcarinal angle without other evidence of left atrial enlargement may be an 
indirect clue 2

• a differential density sign at cardiac borders has been suggested 9, but its specificity is limited
• serially enlarging cardiothoracic ratio
• hemodynamic compromise may manifest with signs of cardiogenic pulmonary edema

Gaillard, F., Hacking, C. Pericardial effusion. Reference article, Radiopaedia.org. 
(accessed on 20 Oct 2022) https://doi.org/10.53347/rID-7729
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Instructive Case
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Shingles

●A person with shingles can 
pass the varicella-zoster virus 
to anyone who isn't immune 
to chickenpox. 

●This usually occurs through 
direct contact with the open 
sores of the shingles rash. 

●Once infected, though, the 
person will develop 
chickenpox rather than 
shingles.
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Notalgia Paresthetica

● Notalgia paresthetica (NP) is an 
underdiagnosed condition that presents with 
unilateral pruritus medial to the scapula on the 
midback with or without an associated 
hyperpigmented or hypopigmented macule.

● Current theories propose the condition is likely 
multifactorial, including spinal entrapment and 
muscular compressive neuropathy.

371James Demetrious, DC, DABCO - PostGradDC.com
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Notalgia Paresthetica

●Summary: In this case, a severe and chronic complaint of pruritus 
which was refractory to other forms of care resolved quickly after 
the institution of chiropractic care. It is therefore hypothesized that 
the patient’s pruritus was etiologically linked to biomechanical 
problems of the spine.

J Can Chiropr Assoc 2020; 64(2)
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Rib Fracture

● Rib fractures are the most common thoracic injury after minor blunt trauma. 

● Isolated rib fractures have a relatively low morbidity and mortality and treatment 
is generally conservative.

● In patients with suspected pathologic fractures, chest CT or Tc-99m bone scans 
are usually appropriate and complementary modalities to chest radiography 
based on the clinical scenario.
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Rib Fracture
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Rib Fracture
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Rib Fracture
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Rib Fracture
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Rib Fracture

●The chiropractors in this study stressed the importance of 
verifying and updating potential contributing factors that may 
be associated with rib fractures over the course of treatments, as 
well as open and honest communication with the patient as 
suggested prevention and mitigation strategies.
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● Thoracic disc degeneration (DD) 
manifesting with pain is uncommon 
due to the stiff ribcage and coronal 
orientation of the facet joint.

● The prevalence of thoracic disc 
herniation was found to be only 
6.5%, however, when present, it may 
lead to spinal cord compromise.

● Thoracic DD may result from a 
number of factors. 

● Previous studies found that T6/7 at 
the apex of spinal curvature was 
associated with decreases in 
magnetic resonance imaging (MRI) 
signal intensity, suggesting a role of 
compressive stress at the mid-
thoracic region.

DJD
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Conclusion:

● Isolated thoracic degeneration 
demonstrated an earlier age of 
onset, mostly involving the 
mid-thoracic region (T5/6-T8/9), 
and in association with findings 
such as SN. 

● Subjects with tandem 
thoracolumbar degeneration 
had less severe lumbar DD and 
low back pain as compared 
with those with isolated lumbar 
degeneration.

DJD
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Thoracic Disc Herniation
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●Symptomatic thoracic disc prolapse is a rare pathology, 
reported to occur in 1 per million per year,2,3 accounting for 
0.15–4% of all symptomatic disc prolapses.1,2 

●Wood et al.4 reported 37% of the subjects in their study to 
have asymptomatic thoracic disc prolapse evident on MRI. 

●Up to 75% of thoracic disc prolapses occur below T8, with 
T11/12 being the commonest level.1–3 

●Disc calcification is common and is reported to occur in up to 
65% of case.2
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● Pain is the commonest symptom associated with thoracic disc prolapse.1,2 

● Typical thoracic spinal pain can be unilateral, bilateral or radicular.1,2 

● Its nature can be variable – sharp, cutting, shooting, constant or intermittent.1,2 

● Pain can also present as non-spinal pain including abdominal pain, testicular or groin 
pain, upper limb and cardiac pain.1,5–9 
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●Abnormal neurological symptoms are the second most 
common presentation.1–3 

●These include, sensory (paraesthesia, dysaesthesia and 
numbness), motor and bladder or bowel disturbance.1–3
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Disc Herniation DDX

●Guillain-Barré syndrome (GBS) is a 
rare autoimmune disorder that 
presents with neurological 
symptoms that can mimic other 
conditions. 

●This mimicry can hide other 
important neurological diagnoses. 

●Here, we present a rare case of 
thoracic myelopathy secondary to a 
sequestered dorsal epidural 
herniated disc fragment that 
initially presented with the classic 
findings of GBS.
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Disc Herniation DDX

Hx:
● A 58-year-old female presented with 

progressing bilateral lower 
extremity weakness, paresthesias, 
and absent bilateral lower extremity 
deep tendon reflexes.

● Lumbar magnetic resonance 
imaging (MRI) findings were 
disproportionate to presentation, 
and lumbar puncture fluid analysis 
revealed clear, colorless fluid with 
albuminocytological dissociation. 

● The patient was diagnosed with 
GBS and treated with a short course 
of intravenous steroids followed by 
intravenous immunoglobulin.
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Disc Herniation DDX

Hx:
● The patient later developed new-onset ulnar 

distribution paresthesias, lower extremity 
spasticity, constipation, and urinary retention 
that caused a decline in functional progress. 

● Further investigation prompted evaluation 
with cervical and thoracic MRIs, which 
revealed a left dorsal epidural lesion at the 
T9-T10 level causing severe cord compression. 

● The patient was definitively treated with a T9-
T10 laminectomy and excision of the 
offending lesion. 

● Pathology revealed collagenous tissue with 
fibroblastic proliferation, consistent with a 
sequestered fragment of the herniated 
intervertebral disc.
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Disc Herniation DDX

Cureus. 2022 Jun; 14(6): e25719.
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Instructive Case
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Instructive Case
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● 40-year-old female-Triathlete

● Thoracic/lumbar pain-with radiation to anterior lower ribs

● Onset-13 years previously related to training. Negative trauma or illnesses.

● Symptoms wax and wane depending upon activity.

● Negative relief elsewhere. Sought medical, PT, acupuncture, chiropractic care locally with 
the consultations at Duke University, and Mayo Clinic without relief. Diagnoses provided 
thus far:

● Ankylosing spondylitis

● Inflammatory bowel disease related spondyloarthropathy

● Parasitic infection

● Chiropractic subluxation

Instructive Case
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Andersson lesions refer to 
an inflammatory 
involvement of the 
intervertebral discs by 
spondyloarthritis.

Case courtesy of Dr Renan 
Ibrahem Adam, 

Radiopaedia.org, rID: 39462

Instructive Case
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● Symptomatic SN should be part of 
the differential diagnosis of 
thoracolumbar unexplained pain, 
and the modality of choice for 
diagnosis would be MRI. 

● Once an inflammatory SN is 
diagnosed, several treatment 
options are available. 

● However, the most likely outcome 
is spontaneous resolution of 
symptoms and bone healing within 
a few months. 

● As demonstrated in this case, the 
conservative approach is 
recommended when the 
symptoms can be medically well 
controlled.
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Schmorl Node

Differential Diagnosis:

●Acute compression fracture, 

●degenerative endplate change, 

●discitis, 

● limbus vertebra, 

●bone island, 

●focal fatty marrow, 

●focal metastasis
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Ankylosing Spondylitis
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Neurosurgery 79:315–335, 2016.

Ankylosing Spondylitis
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Arterial Venous Malformation

● Spinal arteriovenous malformations 
(AVMs) are a rare form of spinal blood 
vessel defect that results in vessel 
engorgement leading to clinical signs 
secondary to mass effect and ischemia.

● Due to the shunting of arteriole blood 
to the venous system without capillary 
access and resistance, over 70% of 
arterial pressure is transmitted to the 
venous system [3]. 

● Venous hypertension can precipitate 
many neurological deficits secondary 
to mass effect and normal spinal blood 
flow disruption along with increased 
risk for hemorrhage.
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Arterial Venous Malformation

●Anson and Spetzler AVM 
Classification:

●Type I: Spinal Dural 
Arteriovenous Fistula

●Type II: Intramedullary 
Arteriovenous Malformation

●Type III: Extradural-Intradural 
Arteriovenous Malformations

●Type IV: Intradural Peri-
medullary Arteriovenous Fistula
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Arterial Venous Malformation

● Imaging:
● MRI is the modality of choice for 

initial visualization for spinal 
AVMs.

● Magnetic resonance angiography 
(MRA) is often a supplement of 
MRI that serves to identify the 
number of possible arterial 
feeders that supply the 
malformation.

● Computed tomographic 
angiography (CTA) has been 
proven as a viable option for 
spinal AVM visualization.
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Arterial Venous Malformation

● Imaging:
● A 22-year-old male presented with 

a chief complaint of progressive 
bilateral lower extremity weakness 
and numbness. 

● The patient stated that he had 
gone to a different hospital after 
experiencing lower extremity 
numbness, where evaluations were 
performed and he was discharged. 

● However, he was unable to walk 
home at this time.

● Due to the persistence of his 
symptoms, the patient presented 
to our institution for the 
reevaluation of his continued 
bilateral lower extremity plegia.
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Arterial Venous Malformation

● Examination:

● On physical examination, the patient 
presented with saddle anesthesia. While the 
patient denied bowel or bladder 
incontinence, a Foley catheter was inserted 
upon admission for urinary retention. 

● By American Spinal Cord Injury Association 
(ASIA) assessment, the patient was ASIA A 
with a T11 sensory level. 

● A thoracic spine MRI with and without 
contrast was ordered, which raised 
suspicion for spinal AVM at T9-T10, as seen 
on T2 weighted imaging (Figure (Figure1).1)

● Differential diagnoses included trauma, 
tumor, and other vascular abnormality.
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ASIA Scale
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Arterial Venous Malformation
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Arterial Venous Malformation

● The patient was taken from the 
angiography suite to the operating 
room (OR) for surgery. 

● Right-sided hemi-laminectomy and 
durotomy were performed at T8-T10 
which revealed a feeding artery 
piercing through the dura near the 
inferior border of the right T9 pedicle 
surrounded by many arterialized veins. 

● Multiple straight clips (five in total) 
were placed until no flow was detected 
within the vascular malformation on 
auscultation with micro-doppler.
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DDX – Instructive Cases
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Hoffman’s Sign
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Tromner Sign
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● A 73-year-old man presented to our chiropractic office eight-weeks following a vehicular 
accident. 

● While driving, he suffered a head on collision with an oncoming vehicle. 

● He was transported via ambulance to a local hospital where evaluation and extensive imaging 
was performed. 

● The attending emergency medical physician diagnosed rib fractures and the patient was 
subsequently released from the hospital. 

● He sought care with his medical primary care physician (PCP) and received a prescription for pain 
medication. 

● No other recommendations were provided to the patient.
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●The patient’s wife reported that while visiting the patient at the 
hospital immediately following the car accident, she noted 
asymmetry and partial drooping of his right eyelid. 

●The patient and his wife indicated that previous attending 
physicians neither mentioned nor assessed this condition.

●His past history was negative for contributory medical, 
neurologic or ophthalmologic disorders. 
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● The patient’s vital signs were normal. He was alert and oriented. Initial visual 
inspection revealed miosis and partial ptosis of the right eye. 

● His right eye was not responsive to direct or consensual light. Cardinal fields of 
gaze were normal. 

● The patient denied alteration of facial sensation or hemi-facial anhidrosis of 
the affected side. No other abnormalities were noted on  neurologic 
examination. 

● Auscultation of the carotid and subclavian arteries revealed no bruits. 

422James Demetrious, DC, DABCO - PostGradDC.com

422



11/30/23

212

423James Demetrious, DC, DABCO - PostGradDC.com

423

● The lungs were clear to auscultation. 

● Globally decreased cervical range of motion and localized 
tenderness was noted at C7/T1. 

● Palpation revealed tenderness of the first rib at the apex of the right 
lung. 

● The patient reported localized discomfort at C7/T1 upon cervical 
compression, Spurling’s test and Valsalva maneuver. 

● No radiating pain was elicited. No other abnormalities were 
identified during physical examination.
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Horner’s Syndrome
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●Despite the obvious visual cue of a drooping eyelid, the patient’s 
attending medical providers did not properly assess this condition. 
This is critical as the patient could have suffered a traumatic arterial 
dissection that may have been undetected and untreated.

● It is important to recognize the fallibility and inherent difficulty of 
identifying rib fractures.

●Had the patient suffered an undiagnosed post-traumatic arterial 
dissection, subsequent delivery of chiropractic adjustment, spinal 
manipulation or manual therapy could have been wrongly 
implicated as a causative etiology of the dissection and/or Horner’s 
syndrome.

Key Points
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● The hallmark symptom for spinal metastases is back pain, with 80% to 95% of patients 
having this symptom.10,14 

● Pain can be further characterized as local pain, mechanical pain, or radicular pain.14,15 

● When back pain exists in the setting of a known prostate or breast cancer patient, a 
spinal lesion is present 15% and 20% to 30% of the time, respectively.3,16 

● Motor dysfunction is the second most common complaint on presentation, present in 
35% to 75% of patients.14 

● When there is significant neural compression, sensory disturbances can be present and 
usually accompany pain and/or motor complaints.14,15 
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● A detailed history and neurologic exam is necessary, and the provider is obligated to 
obtain radiographs. 

● In its most severe form, metastatic disease can cause spinal cord compression. 
Although relatively rare, in 10 per 100  000 patients spinal cord compression necessitates 
emergent evaluation.10 

● The symptoms are often advanced and include weakness (60%-85%), sensory 
disturbances including saddle anesthesia, and bowel/bladder disturbances.15 

● Untreated spinal cord compression can progress to paralysis, sensory loss, and 
bowel/bladder dysfunction.17
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● 75-year-old patient presents with 
insidious onset, progressively 
worsening pain of 3 months duration 
affecting right posterior rib/scapular 
area.

● Pain constant and is exacerbated by 
head and neck movement. 

● Orthopedic test revealed positive 
cervical compression for localized pain. 
Neurologic assessment was negative.

●  X-rays were performed revealing 
density of the apex of the right lung.

● 5cm apical mass with destruction of 
the 2nd and 3rd ribs.

Bickle, I. Pancoast tumor. Case study, Radiopaedia.org. (accessed 
on 26 Oct 2021) https://doi.org/10.53347/rID-89868
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● 5.5 cm soft tissue mass peripherally 
in the right upper lobe, infiltrating 
into chest wall with lytic 
destruction of the posterior ends of 
right second and third ribs and 
costovertebral junction. 

● Background of emphysema and 
bronchial wall thickening 
bilaterally.

● Appearances are of a Pancoast 
tumor (lung cancer).
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Pancoast Tumor

Pathology

●Apical lung tumors are 
usually non-small cell lung 
cancers (NSCLC). 

Gaillard, F., Bickle, I. Pancoast tumor. Reference article, Radiopaedia.org. 
(accessed on 26 Oct 2021) https://doi.org/10.53347/rID-1829
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Pancoast Tumor

Differential Diagnosis

General imaging differential considerations include:

● pulmonary metastases

● mesothelioma

● primary chest wall tumors
● Ewing sarcoma

● PNE (primitive neuroectodermal tumor) T

● chest wall metastases

● apical pleural thickening secondary to e.g. previous pulmonary tuberculosis

● In addition a number of plain film mimics should be considered, including:
● vascular lesions: e.g. carotid pseudoaneurysm 4

● anterosuperior mediastinal masses

● bronchogenic adenocarcinomas are now more frequently identified 8.
Gaillard, F., Bickle, I. Pancoast tumor. Reference article, Radiopaedia.org. 

(accessed on 26 Oct 2021) https://doi.org/10.53347/rID-1829
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Pancoast Syndrome

Clinical Presentation

● The syndrome consists of:

● shoulder pain

● C8-T2 radicular pain

● Horner syndrome

● The classical syndrome is 
uncommon, with Horner 
syndrome present in only 25%.

Gaillard, F., Bell, D. Pancoast syndrome. Reference article, Radiopaedia.org. 
(accessed on 26 Oct 2021) https://doi.org/10.53347/rID-1828
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● Renal cell carcinoma (RCC) is one of the 
most common cancers worldwide, with 
approximately 403,262 new cases and 
17,598 deaths in 2018 [1]. 

● Approximately 15–30% of RCC patients 
have metastases at the initial diagnosis, 
and bone is a common site of metastasis 
[2, 3]. 

● Bone metastasis (BM) from RCC is 
predominantly osteolytic and can lead to 
skeletal-related diseases, which can 
reduce the quality of life and prognosis of 
the patients [4, 5]. 

● The median overall survival (OS) of RCC 
patients with BM has been reported to be 
only 12–28 months [6, 7].

Renal Cell Carcinoma

“Nomogram is a tool that combines 
multiple biological and clinical variables to 
predict specific endpoints and has been 
widely used to predict the prognosis of 
cancer patients.”
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Renal Cell Carcinoma

● Renal cell carcinoma (RCC) usually 
originates from the cortex of the 
kidney. 

● It is mostly seen in men between 50-70 
years of age. 

● The most common sites for the 
metastases of RCC include the lung, 
bone, liver, and brain. 

● Although infrequent, yet the metastatic 
presentation of such lesions more than 
five years after nephrectomy is not an 
uncommon finding [2]. 
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Renal 
Carcinoid

●Carcinoid tumors are a rare subset of 
neuroendocrine tumors with an incidence of 
38 for every 1 million persons in the United 
States [1,2]. 

●Carcinoid tumors are neuroendocrine 
neoplasms arising most commonly in the 
gastrointestinal tract and the lungs [3]. 

●When these tumors occur, the ability to 
metastasize is low. In a review of the literature, 
only 23% were found to metastasize, with 
lymph node (LN) and liver involvement being 
the most common locations at 18% each [8].

Kelly E F, Connelly Z M, Noonan M J, et al. (March 15, 2021) Primary Renal 
Carcinoid: Two Rare Cases at a Single Center. Cureus 13(3): e13907. DOI 
10.7759/cureus.13907
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Winking Owl Sign Etiologies:

● destroyed pedicle

● spinal metastases

● intraspinal malignancies

● tuberculosis and other infections

● uncommon: primary bone lesion; 
lymphoma

● congenital absence/hypoplasia of a pedicle

● neurofibromatosis

● poorly-visualized

● radiation therapy

Schubert, R., Bickle, I. Winking owl sign (spine). Reference article, 
Radiopaedia.org. (accessed on 22 Sep 2021) 

https://radiopaedia.org/articles/14693
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●A 66-year-old gentleman presents for chiropractic care with 
a chief complaint of thoraco-lumbar pain that begin 
insidiously 5-months earlier. 

●He denied any recent trauma or other illnesses. Pain is 
progressively worsening causing him to use a cane.

●No radicular, bowel/bladder issues, saddle dysesthias, or 
weakness reported.

●He reports a history of prostate cancer for what he is under 
care.

●He is a lifelong chiropractic patient who is seeking relief.
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Multiple Myeloma

●Due to progressively worsening pain and history of prostate cancer, 
patient was referred back to his primary care physician and oncologist 
for assessment.

●Chiropractic care was not administered to the patient pending these 
examinations.

●Medical assessment revealed elevated serum calcium, renal 
insufficiency, anemia and elevated serum M protein.

●Whole body MRI was performed revealing multifocal, diffuse and 
heterogenous T1 marrow hypo-intensities.

●The patient was provided a diagnoses of multiple myeloma and 
received chemotherapy and bone marrow transplant.
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Terminology

● As per the WHO classification of tumors of hematopoietic and lymphoid 
tissues, multiple myeloma is called plasma cell myeloma. Historically, it was 
sometimes known as Kahler disease or myelomatosis 13.

● Four main patterns are recognized:

● disseminated form: multiple well-defined "punched out" lytic lesions: 
predominantly affecting the axial skeleton

● disseminated form: diffuse skeletal osteopenia

● solitary plasmacytoma: a single large/expansile lesion most commonly in a 
vertebral body or in the pelvis

● osteosclerosing myeloma

Multiple Myeloma

Yap, K., Bell, D. Multiple myeloma. Reference article, Radiopaedia.org. 
(accessed on 18 Oct 2021) https://radiopaedia.org/articles/9555
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Epidemiology

●Multiple myeloma is a common malignancy in patients above 40 
(70% of cases are diagnosed between ages 50 and 70 with a 
median age of diagnosis being 69 years) with a male predilection 
(M: F 2:1) 7,12. 

● It accounts for 1% of all malignancies and 10% of all hematological 
disease 12. 

●Multiple myeloma and osteosarcoma combined account for 
approximately 50% of all primary bone malignancies 7.

Multiple Myeloma

Yap, K., Bell, D. Multiple myeloma. Reference article, Radiopaedia.org. 
(accessed on 18 Oct 2021) https://radiopaedia.org/articles/9555
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Clinical Presentation

● Clinical presentation of patients with multiple myeloma is varied, and includes 1,2,7:

● bone pain

● initially intermittent, but becomes constant

● worse with activity/weight-bearing, and thus is worse during the day

● anemia

● typically normochromic/normocytic

● renal failure

● proteinuria

● hypercalcemia

Multiple Myeloma

Yap, K., Bell, D. Multiple myeloma. Reference article, Radiopaedia.org. 
(accessed on 18 Oct 2021) https://radiopaedia.org/articles/9555
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The typical clinical manifestations of multiple 
myeloma can be recalled using the mnemonic:

●CRAB Mnemonic
●C: hypercalcemia

●R: renal failure
●A: anemia

●B: bone disease

Multiple Myeloma

Knipe, H., Bell, D. Typical clinical manifestations of multiple myeloma 
(mnemonic). Reference article, Radiopaedia.org. (accessed on 18 Oct 2021) 

https://radiopaedia.org/articles/70874
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Distribution

● Distribution of multiple myeloma mirrors that of red marrow in the older individual, 
and thus this is mostly encountered in the axial skeleton and proximal appendicular 
skeleton:

● vertebrae (most common)

● ribs

● skull

● shoulder girdle

● pelvis

● long bones

● extraskeletal structures (extraosseous myeloma): rare

Multiple Myeloma

Yap, K., Bell, D. Multiple myeloma. Reference article, Radiopaedia.org. 
(accessed on 18 Oct 2021) https://radiopaedia.org/articles/9555
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MRI
●MRI is more sensitive in detecting multiple lesions compared 

to the standard plain film skeletal survey and CT 8,12. Five 
patterns have been described 12:
●normal bone marrow signal
●diffuse involvement
● focal involvement
●combined diffuse and focal involvement
●variegated ("salt and pepper")

Multiple Myeloma

Yap, K., Bell, D. Multiple myeloma. Reference article, Radiopaedia.org. 
(accessed on 18 Oct 2021) https://radiopaedia.org/articles/9555
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Differential diagnosis

●The main differential is that of widespread bony metastases

●Findings that favor the diagnosis of bone metastases over that of 
multiple myeloma include:
● more commonly affect the vertebral pedicles rather than vertebral 

bodies

● rarely involve mandible, distal axial skeleton

● although both entities have variable bone scan appearances (both 
hot and cold) unlike myeloma, extensive bony metastases rarely 
have a normal appearance

Multiple Myeloma

Yap, K., Bell, D. Multiple myeloma. Reference article, Radiopaedia.org. 
(accessed on 18 Oct 2021) https://radiopaedia.org/articles/9555

481James Demetrious, DC, DABCO - PostGradDC.com

481

Case courtesy of Dr Paresh K Desai, Radiopaedia.org, rID: 10036
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Ross and Moore. Diagnostic Imaging 
Spine, 4th Edition
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Ross and Moore. Diagnostic Imaging 
Spine, 4th Edition
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Ross and Moore. Diagnostic Imaging 
Spine, 4th Edition
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●52-year-old male presents for chiropractic care with progressively 
worsening thoraco-lumbar pain that began insidiously.

●Patient reports 8/10 pain that is not alleviated by any means. 

●Lower extremity weakness, difficulty ambulating and bladder 
incontinence. 
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Salient examination findings:

● Midline, spinous process 
tenderness on palpation affecting 
L1.

● Bilateral motor, reflex and 
sensitivity deficits.

● Due to profound cauda equina 
presentation, patient was referred 
to his primary care physician with a 
prescription for x-rays and MRI of 
the thoraco-lumbar spine.
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●MRI revealed an expansile 
solitary tumor that infiltrated 
the L1 vertebra with 
retropulsion and spinal canal 
compromise.

●Oncologic assessment 
revealed Plasmacytoma.
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Plasmacytoma

Ross and Moore. Diagnostic Imaging 
Spine, 4th Edition
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Plasmacytoma

Ross and Moore. Diagnostic Imaging 
Spine, 4th Edition
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Differential Diagnosis:

● Multiple Myeloma

● 2nd lesion found in 33% of cases with presumed spine SBP

● Metastasis

● May be indistinguishable from SBP

● Posterior element involvement not useful in differentiating from SBP

● Does not involve disc or adjacent vertebrae

● Benign (Osteoporotic) Compression Fracture

● Common in older patients, including those with SBP and MM

● 50-60% of compression fractures in MM appear benign on MR

● Signal intensity (subacute/chronic fractures) like normal marrow

● Vertebral Hemangioma (VH)

● Aggressive VHs may mimic SBP, metastases are rare

● Marrow signal of aggressive VH may resemble SBP

● Most benign VHs are T1/T2 hyperintense

● Intense enhancement

● Paget Disease

● Vertebral body expansion with thickened trabeculae

Ross and Moore. Diagnostic Imaging 
Spine, 4th Edition

Plasmacytoma

493James Demetrious, DC, DABCO - PostGradDC.com

493

Osteoporosis
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● Osteoporosis has been defined as a skeletal 
disorder characterized by compromised bone 
strength, predisposing a person to an increased 
risk for fracture [1]. 

● Both quantitative (bone mineral density [BMD]) 
and qualitative (trabecular microarchitecture) 
components contribute to overall bone 
strength. 

● The measurement of BMD is the consensus 
approach to screening and monitoring 
osteoporosis in the population. 

● Fifty percent of women and 20% of men >50 
years of age will experience bone fracture, with 
mortality rates of 20% within the first year [2]. 

● The annual direct cost of hip fracture in the 
United States is $30 billion and projected to rise 
to $67.7 billion by 2020 [3]. 

Osteoporosis
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Osteoporosis
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Osteoporosis
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Osteoporosis
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Osteoporosis

499James Demetrious, DC, DABCO - PostGradDC.com

499

Osteoporosis
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Overview of Imaging Modalities

●  Dual-energy x-ray absorptiometry (DXA) is a projectional x-ray-
based technology that has been shown to accurately and 
precisely measure BMD at specific sites: the lumbar spine, hip, 
and distal forearm. 

●Two x-ray beams at different energy levels are used to subtract 
out the patient’s soft-tissue absorption, providing a measurement 
of the skeletal BMD. 

●The effective radiation dose for both lumbar spine and hip 
scanning is approximately equivalent to a chest x-ray [4].

Dual-Energy X-ray Absorptiometry (DXA)
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During Dual-Energy X-ray Absorptiometry (DXA)

● During dual-energy x-ray absorptiometry (DXA), you lie on an examination 
table. An x-ray detector scans a bone region, and the amount of x-rays that 
pass through bone are measured and displayed as an image that is interpreted 
by a radiologist or metabolic bone expert.

● The results of a bone density test are expressed either as a "T" or a "Z" score. T-
scores represent numbers that compare the condition of your bones with 
those of an average young person with healthy bones.

● T-score is usually the most important. T-scores are usually in the negative or 
minus range. The lower the bone density T-score, the greater the risk of 
fracture (table 1).
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Bone Density
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The T-Score

●Normal bone density — People with normal bone density have a 
T-score between +1 and -1. People who have a score in this range 
do not typically need treatment, but it is useful for them to take 
steps to prevent bone loss, such as having adequate amounts of 
calcium and vitamin D and doing weightbearing exercise. 
(See "Patient education: Osteoporosis prevention and treatment 
(Beyond the Basics)".)
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The T-Score

● Low bone mass (osteopenia) — Low bone mass (osteopenia) is the term 
health care providers use to describe bone density that is lower than normal 
but that has not yet reached the low levels seen with osteoporosis.

● A person with osteopenia does not yet have osteoporosis but is at risk of 
developing it. People with osteopenia have a T-score between -1.1 and -2.4.

● If you have other risk factors for fracture (see 'Risk factors for fracture' above) 
and have a T-score in the osteopenic range, you may be at high risk for fracture. 
People with low bone mass are usually advised to take steps to prevent 
osteoporosis. Sometimes that includes taking medications. (See "Patient 
education: Osteoporosis prevention and treatment (Beyond the Basics)".)
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The T-Score

● Osteoporosis — People with osteoporosis have a T-score of -2.5 or less. Larger 
numbers (eg, -3.0) indicate lower bone density because this is a negative 
number.

● The lower the bone density, the greater the risk of fracture. If you discover that 
you have osteoporosis, there are several things you can do to reduce the 
chances that you will break a bone. For instance, you can take osteoporosis 
medications combined with calcium and vitamin D supplements, and you can 
do an exercise program. (See "Patient education: Calcium and vitamin D for 
bone health (Beyond the Basics)" and "Patient education: Osteoporosis 
prevention and treatment (Beyond the Basics)".)

● Note that if you have previously had a low trauma bone fracture, you are also 
classified as having osteoporosis and need to take osteoporosis medications, 
regardless of your bone density T-score.
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https://www.sheffield.ac.uk/FRAX/tool.aspx?country=9
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Frax Tool

● FRAX stands for Fracture Risk Assessment Tool. A research group at the University of Sheffield developed the 
tool to predict the risk of fractures in a person with osteoporosis within the next 10 years.

● The tool consists of questions relating to 12 factors that can increase the risk of fractures.

● age

● weight

● height

● sex

● smoking

● history of fractures

● parental history of fractures

● presence of rheumatoid arthritis

● use of glucocorticoid medications

● having secondary osteoporosis

● drinking three or more units of alcohol per day

● bone mineral density

Medical News Today. Reviewed by Angela M. Bell, MD, FACP — Written 
by Aaron Kandola on March 12, 2020
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Lifestyle changes

● Some FRAX scores indicate that lifestyle changes should be sufficient to manage the risk of fractures.

● These changes might include:

● stopping smoking

● reducing alcohol intake

● keeping physically active

● getting enough calcium and vitamin D

● eating a healthful diet

● limiting the use of some long-term medications, such as glucocorticoids, whenever possible

● Calcium and vitamin D supplements may be necessary.

● People generally need 200–1,300 milligrams of calcium per day, depending on their age.

● About 600–800 international units of vitamin D are necessary for most people.

Frax Tool

Medical News Today. Reviewed by Angela M. Bell, MD, FACP — Written 
by Aaron Kandola on March 12, 2020
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Osteoporosis

Ross and Moore. Diagnostic 
Imaging Spine 4th Edition
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Spinal Fracture Classifications – Thoracolumbar Fracture

Ross JS, Moore KR. Diagnostic Imaging Spine, 4th Edition. Elsevier; 2021. 
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TL Compression Fracture

GRADING OF NEUROLOGICAL DEFICITS 

Neurological status is graded according to a 5-part 
system: 

● N0 is used to designate patients who are 
neurologically intact. 

● N1 means that a patient had a transient neurological 
deficit, which is no longer present. 

● N2 denotes patients with symptoms or signs of radicu- 
lopathy. 

● N3 incomplete spinal cord injury or cauda equina 
injury. 

● N4 complete spinal cord injury (American Spinal Injury 
Association grade A17). 

● NX is used to designate patients who cannot be 
examined because of head injury or another condition, 
which limits their ability to complete a neurological 
examination such as intoxication, multiple trauma, or 
intubation/sedation. 
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Vaccaro, 2006
PLC = Posterior Ligamentous Complex

TL Compression Fracture
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AO Foundation

● Arbeitsgemeinschaft für Osteosynthesefragen (German for "working group for 
bone fusion issues") or AO, founded in Switzerland in 1958.

● Scientists working in the AO research facilities located in the Swiss city 
of Davos conduct fundamental and applied research in the fields of 
biomechanics and biology of bone, disc and cartilage (including tissue 
engineering and musculoskeletal infections), and biomaterials science (such as 
degradable polymers and polymer-based transport systems). 

● The institute also conducts research in the field of new surgical techniques, 
tools, and devices, such as "smart" implants, and intracorporeal navigation and 
tools for surgical teams and surgeons.[19]
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If DXA T-Score > -2.5 
DGOU OF 

Classification 
System
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AO Spine Osteoporosis Fracture (OF) Classification
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AO Spine Osteoporosis Fracture (OF) Classification
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AO Spine Osteoporosis Fracture (OF) Classification

527James Demetrious, DC, DABCO - PostGradDC.com

527

Compression Fracture

Imaging

●Vertebral body shorter anteriorly than posteriorly

●< 40-50% loss of height in patients with normal 
bone density

●± vertebral body endplate abnormality

●± anterior cortical irregularity

●Normal middle and posterior vertebral column

●Most common in middle and lower thoracic spine

Ross and Moore. Diagnostic Imaging 
Spine, 4th Edition
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Compression Fracture

Clinical Issues

● •Most common type of thoracic spine fracture due to blunt trauma

● Young patients: Due to significant fall

● Osteoporotic patients: Insufficiency fracture

● American Academy of Orthopaedic Surgeons (AAOS) practice guidelines (2011)

● Against vertebroplasty for osteoporotic spinal compression fracture in 
patients who are neurologically intact

● AAOS guidelines recommend calcitonin for 4 weeks
● Ibandronate and strontium ranelate are options to prevent additional symptomatic 

fractures

Ross and Moore. Diagnostic Imaging 
Spine, 4th Edition
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Compression Fracture

Top Differential Diagnoses
●Compression-distraction injury (Chance 

fracture)

●Burst fracture

●Pathologic fracture due to tumor

●Schmorl node
●Scheuermann kyphosis

●Physiologic vertebral wedging

●Limbus vertebra

Ross and Moore. Diagnostic Imaging 
Spine, 4th Edition
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Kummell Disease

● Kummell disease, or avascular necrosis of a 
vertebral body, presents as vertebral 
osteonecrosis typically affecting a thoracic 
vertebra with compression deformity, 
intravertebral vacuum cleft, and exaggerated 
kyphosis weeks to months after a minor 
traumatic injury. 

● This rare disease is increasing in prevalence 
secondary to an aging population and the 
associated rise in osteoporosis.

● Back pain is a common presenting 
complaint of patients in the emergency 
department and outpatient clinics and is a 
source of frustration for physicians and 
patients.
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●Rheumatoid arthritis (RA) is 
associated with increased risk 
for osteoporotic fracture.

●Studies have found reduced 
BMD in individuals on low 
doses of glucocorticoids (GCs).
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●Steroid-induced osteoporosis 
or glucocorticoid-induced 
osteoporosis (GIOP) is a 
common form of secondary 
osteoporosis and is a cause of 
increased morbidity and 
mortality. 

●The pathogenesis of GIOP 
includes decreased bone 
formation and increased 
bone resorption. 
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● In the Canadian Early Arthritis Cohort (CATCH), there was a 
significant correlation between increased fracture risk groups 
measured by the FRAXtool® and oral glucocorticoid use (p = 0.012) 
and baseline erosions (p = 0.040) [49].
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Bisphosphonates and Osteonecrosis

● The widespread use of bisphosphonate 
(BP) to treat various medical conditions 
led to increased recognition of their 
possible association with 
osteonecrosis (ON) of the jaw.[1]

● Bisphosphonates are highly efficient 
antiresorptive drugs used to treat 
diseases with increased osteoclast 
activity such as cancer-related 
conditions, osteoporosis, multiple 
myeloma, Paget disease, osteosclerosis, 
and fibrous dysplasia.[2]

Gupta M, Gupta N. Bisphosphonate Related Jaw 
Osteonecrosis. [Updated 2021 Jul 28]. In: StatPearls 

[Internet]. Treasure Island (FL): StatPearls Publishing; 
2021 Jan-.
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Osteoporosis Medications 
(Bisphosphonates)
●Risedronate (Actonel)
●Alendronate (Fosamax)
●Ibandronate (Boniva)
●Zoledronic Acid (Reclast)
●Pamidronate (Aredia)
●Etidronate (Didronel)

Bisphosphonates and Osteonecrosis
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● Bisphosphonates inhibit bone resorption by causing osteoclast cell apoptosis, 
impairing the osteoclast’s resorptive capacity, and preventing osteoclast formation.[5]

● They have a high affinity for bone minerals and accumulate mainly in the sites of 
osteoclast activity.[5]

● Without resorption and new bone formation, old bone survives beyond its lifespan, 
and its capillary network is not maintained, leading to avascular necrosis of the jaw. 

● Also, high potency biphosphonates can lead to necrosis by the toxicity of soft tissue 
and bone cells, further complicated by infection.[6]

● Due to altered wound healing, delayed epithelial closure of a mucosal opening in the 
mouth leads to chronic infection and the necrosis of bone.[7]

● Osteonecrosis develops in the jaw because this bone has a higher remodeling rate 
than other bones, making it more prone to the effect of bisphosphonates.

Gupta M, Gupta N. Bisphosphonate Related Jaw Osteonecrosis. [Updated 
2021 Jul 28]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls 

Publishing; 2021 Jan-.
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● Most cases of Bisphosphonate-
Related Osteonecrosis of the 
Jaw (BRONJ) occur after a dental 
intervention that affects bone, but 
osteonecrosis can also present 
spontaneously.[4]

● The necrotic bone may remain 
asymptomatic for a prolonged 
period or develop symptoms, 
mainly due to localized 
inflammation of soft tissue.[29]

Gupta M, Gupta N. Bisphosphonate Related Jaw Osteonecrosis. [Updated 
2021 Jul 28]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls 

Publishing; 2021 Jan-.
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Epidemiology

● Intravenous (IV) Versus Oral Biphosphonates

● Osteonecrosis of the jaw is mainly reported with the use of more potent nitrogen-
containing BPs like pamidronate and zoledronic acid. However, the incidence is 
higher with the latter - zoledronic acid causes a higher antiresorptive activity, 
leading to decreased bone turnover.[8]

● Oral biphosphonates rarely cause osteonecrosis of the jaw. They are less 
aggressive than intravenous BP, and the osteonecrosis caused by oral BP 
responds better to treatment. Oral BPs are less liposoluble, limiting their intestinal 
absorption, resulting in a lower accumulation in the bone.[9]

Gupta M, Gupta N. Bisphosphonate Related Jaw Osteonecrosis. [Updated 
2021 Jul 28]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls 

Publishing; 2021 Jan-.
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Signs and Symptoms

● None/asymptomatic

● Pain

● Soft tissues infection with inflammation, ulceration, and suppuration

● Formation of intra-and extraoral sinus tracts and fistulas

● Paresthesia or anesthesia of an associated nerve

● Fracture

● Chronic maxillary sinusitis

● A radiographic appearance from no alterations to varying radiolucencies and 
radiopacities

Gupta M, Gupta N. Bisphosphonate Related Jaw Osteonecrosis. [Updated 
2021 Jul 28]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls 

Publishing; 2021 Jan-.
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Differential Diagnosis
● The presence of exposed bone characterizes Bisphosphonate-

related osteonecrosis of the jaw (BRONJ). In the absence of exposed 
bone, BRONJ should be differentiated from the following:

● Periodontal and periapical pathosis
● Sinusitis
● Gingivitis or mucositis

● Temporomandibular disorders

● Osteomyelitis
● Metastatic bone tumors
● Osteonecrosis induced by neuralgia
● Osteoradionecrosis

Gupta M, Gupta N. Bisphosphonate Related Jaw Osteonecrosis. [Updated 
2021 Jul 28]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls 

Publishing; 2021 Jan-.
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Recommendations for Patients Receiving BP Therapy

● After 4 to 6 doses of BP, bone turnover is significantly suppressed, making bone healing unpredictable and risky for ON.

● Educate patients regarding the risk of BRONJ with bisphosphonate therapy.

● Educate patients regarding home hygiene and self-maintenance.

● Oral surgical procedures like extractions, bone contouring, grafting, periodontal, and apical surgeries should be avoided.[17]

● If possible, endodontic treatment is preferred over extractions and periapical surgery.

● Noninvasive restorative procedures like crowns, bridges, removable partial and complete dentures are recommended to prevent future surgical procedures.

● Orthodontic procedures are not recommended.

● Elective dentoalveolar surgical procedures like asymptomatic teeth extraction, implant placement, tori reduction are not recommended.

● Unrestorable teeth preferably should be treated with root canals and crown amputation; mobile teeth are best splinted, failed root canals should be 
retreated.

● If tooth extraction is unavoidable, the patient should be educated regarding the risk of developing BRONJ, and informed consent should be signed before 
the procedure.

● It is necessary to stratify the risk for patients on BP requiring extensive invasive oral surgery and patients with accompanying multiple risk factors like steroid 
treatment, immunodeficiency, or diabetes mellitus.

● Drug holiday: dental practitioners should not indicate discontinuing bisphosphonate drugs since there is no evidence that the risk of BRONJ reduces when 
stopping the medication before dental procedures because they stay in the bone for years.[71]

Gupta M, Gupta N. Bisphosphonate Related Jaw Osteonecrosis. [Updated 
2021 Jul 28]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls 

Publishing; 2021 Jan-.
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Authors’ Conclusions 

● There is insufficient evidence to conclude whether hyperbaric oxygen 
therapy is a useful add-on to standard care in the treatment of BRONJ. 

● There are two ongoing trials of teriparatide, a hormonal treatment for 
BRONJ. 

● We found no randomised controlled trials of any other treatments for 
BRONJ. 

● As there is a lack of good quality scientific evidence to decide how best to 
treat BRONJ, high quality trials are needed.

Bisphosphonates and Osteonecrosis
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Please register for our recorded Online CE Coursework for license 
renewal and professional development.

Please follow us on Social Media for interesting cases and updates.

Thank you.
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