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MRI of Spinal Whiplash Trauma
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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. He 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.
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Disclaimer ●The views and opinions expressed in 
this presentation are solely those of 
the author.

●Dr. Demetrious and PostGradDC do 
not set practice standards.

●NCMIC does not set practice 
standards. 

●We offer this only to educate and 
inform.
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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.

NCMIC
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Can you identify 
these structures?

Our Purpose…
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Syllabus

●Instructive Cases
●Anatomy
●Ligamentous Injury on MRI
●Instability
●Recommendations
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Instructive Case…
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Instructive Case
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● The present case highlights a 27-year-old woman with CGD and associated underlying 
lateral UCI and POTS whose dizziness improved with conservative care including manual 
therapy, exercises, and increased salt intake. 
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Anatomy

James Demetrious, DC, DABCO - PostGradDC.com

38



6/13/25

20

39James Demetrious, DC, DABCO - PostGradDC.com

39

40James Demetrious, DC, DABCO - PostGradDC.com

40



6/13/25

21

41James Demetrious, DC, DABCO - PostGradDC.com

41

42James Demetrious, DC, DABCO - PostGradDC.com

42



6/13/25

22

43James Demetrious, DC, DABCO - PostGradDC.com

43

44James Demetrious, DC, DABCO - PostGradDC.com

44



6/13/25

23

45James Demetrious, DC, DABCO - PostGradDC.com

45

46James Demetrious, DC, DABCO - PostGradDC.com

46



6/13/25

24

47James Demetrious, DC, DABCO - PostGradDC.com

47

48James Demetrious, DC, DABCO - PostGradDC.com

48



6/13/25

25

49James Demetrious, DC, DABCO - PostGradDC.com

49

50James Demetrious, DC, DABCO - PostGradDC.com

50



6/13/25

26

51James Demetrious, DC, DABCO - PostGradDC.com

51

52James Demetrious, DC, DABCO - PostGradDC.com

52



6/13/25

27

53James Demetrious, DC, DABCO - PostGradDC.com

53

54James Demetrious, DC, DABCO - PostGradDC.com

54



6/13/25

28

55James Demetrious, DC, DABCO - PostGradDC.com

55

Myodural Bridge
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Abstract

The epidural space contains the internal vertebral venous plexus, adipose, and other connective

tissues. In the anatomical literature, there are nonspecific descriptions of varying fibrous

connective tissue bands in the epidural space, mainly mentioned in the lumbar region, that

tether the dural sac to the posterior longitudinal ligament, the vertebral canal, and the

ligamentum flavum. These ligaments have been termed as Hofmann’s ligaments. This review

expands on the anatomy and function of Hofmann’s ligaments, increasing the awareness of

their presence and serves as an impetus for further study of their histology, innervation, and

function. 

Categories: Neurosurgery, Orthopedics

Keywords: anatomy, spine, dura mater, extradural, epidural ligaments

Introduction And Background

Reports in the anatomic literature on the anterior spinal epidural space mention fibrous bands

of connective tissue, which connect the anterior dural sac to the posterior longitudinal

ligament (PLL) [1] as well as to the spinal canal. However, the anatomy and function of these

bands (Hofmann’s ligaments) (Figure 1) are not well understood. Therefore, the objective of

this review is to elaborate further and understand the anatomy and importance of these

ligaments.
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Denticulate Ligaments
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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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J Neurosurg / Volume 114 / February 2011
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NMR Biomed. 2012 July ; 25(7): 891–899.
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The Utility of MRI

James Demetrious, DC, DABCO - PostGradDC.com

97

98James Demetrious, DC, DABCO - PostGradDC.com

98



6/13/25

50

99

● According to American College of 
Radiology (ACR) appropriateness criteria, 
MRI of spine combined with CT scan is 
appropriate in the setting of acute spinal 
trauma if [5]: 

● National Emergency X-Radiography 
Utilization Study (NEXUS) or Canadian 
Cervical-Spine Rule (CCR) criteria are met 
and there are clinical findings of 
myelopathy.

● NEXUS or CCR criteria are met and 
there are clinical or imaging findings 
to suggest ligamentous injury. 

● NEXUS or CCR criteria indicate 
imaging and the mechanically 
unstable spine is anticipated. 
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● Technical Considerations for MRI 

● The typical MRI protocol for spinal injury 
includes:

● sagittal T1 weighted (T1W) and T2 
weighted (T2W) spin echo sequences, 

● and T2* weighted (T2*W) gradient recalled 
echo (GRE) sequence, 

● and sagittal short tau inversion recovery 
(STIR) sequences, 

● as well as axial T2W and T2*W GRE 
sequences. 

● T1W images are mainly used for depiction 
of anatomy and osseous fractures. 
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● Technical Considerations for MRI 

● STIR images are very sensitive for detection of edema and 
is helpful in diagnosing the soft tissue and ligamentous 
injuries, particularly of the interspinous or supraspinous 
ligaments. 

● Although fat-suppressed T2W images can also be used for 
detection of edema, STIR images provide more uniform fat 
suppression. 

● T2W images are very good in detecting the cord edema, 
and T2*W GRE images are used to detect the hemorrhage 
in and around the cord [6]. 

● Recently, diffusion tensor imaging (DTI) has been used to 
detect trauma related changes in the spinal cord which 
are not seen on conventional MRI technique [7, 8]. 

● Ideally MRI should be performed within 72 hours of injury 
as the T2 hyperintensity produced by edema improves the 
conspicuity of the ligaments which are seen as low signal 
intensity in normal state [9]. 

● Later on, resolution of the edema and hemorrhage 
reduces sensitivity of MRI to detect ligamentous injuries. 
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Clinical Anatomy – MRI of Injured Ligaments
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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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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
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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…

123James Demetrious, DC, DABCO - PostGradDC.com

123

124James Demetrious, DC, DABCO - PostGradDC.com

124



6/13/25

63

125James Demetrious, DC, DABCO - PostGradDC.com

125

126James Demetrious, DC, DABCO - PostGradDC.com

126



6/13/25

64

127James Demetrious, DC, DABCO - PostGradDC.com

127

128James Demetrious, DC, DABCO - PostGradDC.com

128



6/13/25

65

129James Demetrious, DC, DABCO - PostGradDC.com

129

130

Instability
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Ross and Moore – Diagnostic Imaging Spine
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Chiropractic?
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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.
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● This study demonstrated good to excellent interrater reliability of both qualitative and 
quantitative measurements obtained using this imaging technique. 

● Its use as a valid instrument in the clinical assessment of CCJ injury remains to be 
established. 

● It does, however, offer potential promise as a relatively inexpensive and minimally 
invasive screening test for CCJ injury. 
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PostGradDC.com

Thank you!
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