M4 Radiology of the spine 

NZ acute low back pain guide (ACC) 
1 acute low back is common, nearly always short-lived. 
2 Investigations in first 4-6 weeks do not provide clinical benefit unless red flags present. 
3 There are benefit of activity: Staying active, resuming usual activities asap, advice on early return to work
4 analgesia, manipulation may provide short-term symptom control  
5 Some interventions may be harmful: extended bed rest, use of opiates or diazepam
6 advice on early return to work is helpful 

Red flags
1 Cauda Equina: Urinary retention, faecal incontinence, wide spread neurological sx in lower limb, gait abnormality, saddle anesthesia, lax anal sphincter. 
2 Severe, worsening pain, esp at night or when lying down
3 Significant trauma (fracture)  
4 weight loss, history of cancer (cancer)  
5 Fever, use of IV drugs (infection, HIV, TB) 
6 steroids use (fracture, osteoporosis) 
7 pt over 50 y.o (fracture, osteoporosis)

Yellow Flags: (psychosocial barriers to recovery) 
- Belief:  1) belief that pain and activity are harmful 2) expectations of poor treatment outcome
- Type of behavours: 1) depression, social withdrawal; 2) problems at work, poor job satisfaction; 3) Problems with claims and compensation; 4) treatment that does not fit best practice. 5) Sickness behaviour: avoiding activity. 6) history of back pain, time-off and other claims. 
- Social: 1) heavy work, unsociable hours. 2) overprotective family or lack of support. 
 
 
 

Summary of management options for acute LBP ( ACC)  

	Useful: 
	Not Useful
	Harmful
	Insufficient evidence:

	1. advice to stay active, 
2. simple analgesia (paracetamol, NSAIDS), 
3. Manipulation in first 4-6 weeks only, 
4.MDT approach
	1.TENS, 
2.traction, 
3.specific back exercise, 
4. Education pamphlets, 
5. massage, 
6.acupuncture, 
7.surgery (unless disc decompression)
	1.narcotics or diazepam, 
2.bed rest >2days, with or without traction, 
3.manipulation under GA, 
4. plaster jacket
	1.conditioning exercise for trunk muscles, 
2.aerobic , 
3.epidural steroid injection, 
4.shoe lifts or corsets, 
5.biofeedback, 
6.physical agents and passive modalities( ice, heat, short wave , ultrasound)



* Radiating leg pain: Manipulation may not be advisable
* surgery: not indicated unless disc decompression indicated 

If slow recovery at 4 weeks: reassess Red, yellow flags, review at 6 weeks 
If slow recover at 6 weeks: may consider FBC, ESR, x ray



Spine scanning modality comparison. 
	Investigations 
	Common indication
	Pros 
	Cons 

	Plain radiography
	1. Important baseline role
2. Rapid overview of bony spinal anatomy, congenital abnormality, and alignment. 
3. Role in monitoring fracture healing/ alignment and post-surgical follow up ( ? screw is loose) 
Shows: 
· bone destruction
· Malignancy
· Degeneration
· Congenital defect 
· Infection
Erect view: Alignment abnormality
Oblique film
- pars defects (spondylolysis)  
- facet joints and pedicles degeneration
- nerve foraminal stenosis 
Flexion/extension studies 
- reassess instability post trauma or spine fusion
	- Cheap, Easy, Fast 
- Accessible to primary care provider. 
- Good view of a large segment of spine 
(Full-spine AP view- measure scoliosis, lateral view-sagittal balance, kyphosis) 
-Functional lateral view (flexion/extension: instability) 
- Erect scan (MRI may miss when pt is lying)
	-  limited in major trauma 
-  Risk for radiation 
-  Poor correlation between Sx and radiographic abnormalities
- 2D view.
- Limited soft tissue assessment. 
  

	USS
	- Neonates congenital abnormalities at the posterior spinal elements
(spina bifida, cord tethering)
- quick assessment of soft tissue mass/collection
- uss guided drainage 
	 - quick
-  no radiation 
	- limited use in adult due to acoustic interference/ reflection by ossified bone 
-limited role 

	CT Myelography
	- When MRI is precluded due to implanted device or metal artefact (Limited indications as has been replaced by MRI)
- Detect CSF leaks, CSF venous fistula
	- superior spatial resolution
-Relatively safe 
-Modern non-ionic contrast media (Contrast is injected into the thecal sac under fluoroscopic or CT guidance)

	- Lack of soft tissue contrast resolution
- allergy or infection (small risk)
- minimally Invasive (may cause headache CSF leak;  arachnoiditis rare) 
- technically challenging, operator dependent. 
- usually combined with CT

	MRI
	1. Mainstay of spinal imaging 
(Shows spinal cord, cauda equina, nerve roots, bone and disc detail more clearly than any other modality)
2. Initial cross-sectional examination of choice for spine imaging
3. In failed back surgery very useful for distinguishing between epidural fibrosis and recurrent disc protrusion using gadolinium contrast 
	-High resolution
- Superb soft tissue contrast resolution
- Non-invasive
- Painless
- No radiation
- Multi-planar 
- show chronicity of #. 
- Distinguish recurrent disc herniation and scarring post OP. 
- shows inflammatory change
	- Contraindicated for pt with pacemaker, metal ware. 
- claustrophobia 
- Does not show cortical bone well. 

	CT
	- Major use is in trauma to assess fracture/Neurological damage. 
- Post OP: Assess instrumentation complications (loosening) 
- Pre OP surgical planning (better imaging of cortical and trabecular bone than MRI)  
- When MRI contraindicated (pacemaker, cochlear implants) or not suitable (claustrophobia) 
	- non-invasive 
- High resolution 
- multi-planar 
- 3D reconstructed images
- Superior than MRI in showing cortical, trabecular bone
- MARS (metal artefact reduction software) 

	- Radiation (6mSv)
- Inferior to MRI to assess   
     Disc protrusions, 
     nerve root compressions
     intrathecal pathology
     early inflammation/ infection
      Neoplasm
      Paraspinal soft tissue lesion

	Bone scan   
NaF

	1. Major role in assessment of chronic axial spinal pain
2. Best use is for suspected infection, malignancy, occult trauma or unexplained symptoms. 
 
Indication
- Stress fracture
- infection
- pars defect 
	Moderate sensitivity, specificity

	Non-specific 
Low resolution
Poor localization
High false negative rate
(if predominantly osteolytic eg myeloma, renal Ca)
 

	SPECT /CT 
(Tc99m MDP)
	1. Post instrumented spinal fusion pain/ Metal artefact (fusion failure, loose screw) 
2. Localization of source of bone/joint pain (esp axial spine pain) (ie. C1-2 facet joint locating pain) 
3. Inconclusive MRI/CT
4. Stress response/ fracture ( ie. Cricketer with back pain )  
5. Pars defects ? healed/active ( symptomatic) 
6. Tumour detection assessment (osteoid osteoma)
7. Fracture healing 
 8. SIJ disease 
	Better anatomic localization than bone scan


	

	Discography
	- Determine if pain was discogenic 
- asses internal disc damage

	Can combine diagnostic procedure ( discoblock) 
	- Invasive: disc damage, accelerated degeneration
- Technically challenging at the L5/S1 level



Comparison and contrast scan in the assessment of lumbar disc disease 
	Scan 
	CT
	CT myelography
	MRI 

	Mechanism 
	 1. x ray tube/multidetector array rotates arounds patient as pt is being advanced through the beam 
2. Results in a spiral acquisition/ volumetric data set that can be reconstructed in any plane and slice thickness 
3 Attenuation of x ray beam (HU) determines gray scale
	
	 

	Indication 
	
	
	

	Imaging 



	Bone: white 
Air: black 
	
	T2:  water, fat   ---  white;  
        air , bone  -----black, 
T1:  water---- black
        Fat------ white

	Pros 
	- More interobserver variability in detecting root compressive lesions with CT than MRI 
-  Limited utility in the postoperative spine 
	- limited use in postoperative spine 
	- beyond 6 weeks post OP, MRI with gadolinium should high accuracy  (96%) in distinguishing recurrent disc material from scar

	Cons 
	
	
	



Spine imaging approach 
Major Trauma:
· CT:  as initial workup for Suspected fracture or neurological damage. 
· MRI: Characterisation of disc/spine/nerve root/soft tissue damage
· Xray: little role as initial work up but has limited role in flexion/extension views 

Minor trauma/degenerative changes 
· Xray: baseline 
· MRI: shows disc/osteophyte/cord/nerve root changes 
· CT: shows bone anatomy/ Pacemaker
· SPECT/CT:  trouble shooting /post fusion. 

Acute spinal pain (Red flags) 
1. Urgent MRI if any of the following red flags: 1) Cancer, new onset LBP. 2) cauda equina. 3) Severe neuro deficit (progressive or multilevel). 4) risk for spinal infection. 
2. Important to MRI whole spine in suspected cases of infection, malignancy
3. X ray not generally indicated as can miss large number of pathologies 
4. MRI may be used to monitor treatment. 

Acute spinal pain with radiculopathy (No red flags) 
1. Trial conservative treatment eg NSAIDS
2. MRI indicated if 
i) If Consider image guided epidural steroid injection/surgery ( to confirm correct level, exclude other pathology) 
ii) CT if MRI contraindicated 
iii) X ray may be indicated for surgical planning. 

Suspected acute vertebral body fracture (minimal trauma) 
1) Exclude red flags 
2) Risk factors: steroids, trauma, >70y.o, female 
3) X ray is usually adequate
4) MRI if persisting clinical suspicion but negative red flags
5) CT: if MRI contraindicated. 
Chronic spine pain 
· Chronic spine pain common and often self-limiting.
· X ray: 
1) low-sensitivity screening tool for evidence of neoplasm, fracture, or infection. Useful to assess presence of degeneration (disc place narrowing, z-joint arthropathy, minor degrees of antero- or retrolisthesis: BUT usually insignificant and unrelated), spinal alignment and anatomical variation. 
2) AP, lateral standing view (oblique double the gonadal radiation, should not be done routinely) 
3) When x ray not explanatory of pain, or suggesting underlying systemic disease, consider advanced imaging (CT, MRI, nuclear scan) 
· MRI 
a) The dominant spine imaging modality (superior ability to distinguish between soft tissue types) 
b) Indication: 1) To define pathology, if red flags,  2) To determine level if surgery/image guided intervention indicated. 3) shows inflammation. 4) shows chronicity of fracture. 5) distinguish between recurrent disc herniation and scarring in the post OP patients 
· CT 
a) Provide superior imaging of cortical and trabecular bone when compared with MRI (primary bone tumors)
b) Suitable for hardware fixation (when MRI is not suitable)
c) Less sensitive than MRI in detection of early inflammatory, infectious processes, neoplasm, or paraspinal soft tissue lesion 
d) Radiation risk 
· SPECT CT useful to confirm 
- pain generator especially in cases of widespread degenerative change- axial back pain. 
- Tumour: Pancoast tumour 

Image guided spinal intervention
Indication: 
 - Mainstay in assessment and treatment of spinal and radicular pain. 
 - Image guided injection, aspirations, or biopsies
Type: fluoroscopy or CT guide 
Safety: 
  - Debate re real time visualization of intravascular injection ( fluro gives real time) 
  - Bleeding risk: ? check if on anticoagulants
  - Aggregating risk: use dexamethasone for epidural injection ( non- particulate steroids ) 

Cervical spinal stenosis /Myelopathy 
1. Causes:  1) Congenital   2) acquired: traumatic, degenerative, OPLL (ossification of posterior longitudinal ligament), tumour, epidural abscess, trauma. 
2. Definition: absolute <10mm canal diameter on X ray 
3. Symptoms: Radiculopathy (nerve root compression); Myelopathy (Cord compression) 

Cervical myelopathy 
Definition: Compression of cord usually due to degenerative changes 
Symptoms: 
1. Neck pain and stiffness
2. Extremity paraesthesia
3. Weakness/clumsiness/Gait instability 
4. Urinary retention. 
5. Association with lumbar canal stenosis (20%) 
Imagine: 
1. MRI: first when strong clinical suspicion
2. X ray: AP, lateral and flexion extension (difficult to assess canal diameter. Helpful to assess subluxations, post OP follow-up eg laminoplasty) 
3. CT: may be useful for pre op planning and metalware failure 

Lumbar spinal stenosis 
Definition: 
  - Narrowing of lumbar spinal canal and/or foramina compression of cauda equina and lumbar nerve roots 
  - causing neural ischemia and neurogenic claudication 
  - compromise is most common at L4 level. Followed by L3, L5, and L1

 Etiology
  -  Congenital / developmental component (15% of spinal stenosis patient) (short, thick pedicles with reduced AP dimension of canal)
   - Acquired degenerative causes: facet arthropathy, central buckling of the ligamentum flavum, disc herniations, endplate osteophytes, antero- or retrolisthesis.  
   - Systemic causes: rheumatologic (ossification of the PLL), metabolic ( epidural lipomatosis),  space occupying neoplasm. 

Classification: 1) central canal stenosis, 2) lateral recess stenosis, 3) foraminal stenosis 
Type: congenital or acquired. 
Symptoms: 
1. Neurogenic claudication: leg pain, numbness, weakness
2. Radicular symptoms: unilateral or bilateral with or without back pain
3. Pain worse on standing and walking. Extension worsens pain and flexion relieves pain. 
4. Sensory, motor, and reflex changes may be minimal
5. May experience bowel and bladder symptoms 
Imaging Lumbar spine stenosis
X ray: 
1. Erect AP and lateral +/- flexion and extension 
2. Disc space narrowing poor predictor of symptoms 
3. Can be difficult to accurately assess facet joint degeneration, spinal canal narrowing 
4. Degenerative spondylolisthesis :10% adults >65y.o have imaging finding but many asymptomatic 
MRI:  directly observe and quantify canal narrowing. 
1. Excellent delineation of compressive anatomy: disc, facet joints, ligamentum flavum, epidural fat, synovial cysts
2. Key indicators: 
          Central canal narrowing + foraminal narrowing 
- common at L4 level ( >L3>L5>L1) 
- reduced CSF in thecal sac ( CSF effaced ) (no bright CSF signal present) , 
- nerve root bunching（聚束） ( intermediate to dark gray crowded roots bundles) , 
- loss of fat in foramina. 
- AP dimension of thecal sac in mid lumbar region <10mm (normal 12-14mm).  
- Cross-sectional area of the thecal sac < 100 mm2 (normal 180+/- 50mm2). 
Other features: 
        facet arthropathy (overgrowth of superior articular process), 
       lateral recess stenosis (common at L4-5 interspace level) (Normal AP 3-4mm) 
3. MRI is supine, correlate with erect x ray 
CT: Rarely used, occasional surgical planning
Myelography: rarely used 

Spinal infection 
· Often insidious onset
· Frequently misdiagnosed 
· TB
· High index of suspicion often needed
· Plain x ray often not useful in acute presentation 
· MRI with gadolinium contrast modality of choice 
· CT: 1) to assess bony anatomy 2) CT guided biopsy 
· GAS in disc high negative predictive value for infection. 

Post operative spine imaging
X ray: assess alignment, integrity of metalware, bone graft, adjacent segment disease
CT: bone graft assessment, metalware loosening/placement, fractures 
SPECT CT: fusion integrity, adjacent segment, metalware loosening, infection 
MRI: epidural fibrosis, recurrent disc, collections, adjacent segment, 
        - Metalware can be problem but generally well tolerated 
        - Gadolinium contrast 

Back pain imaging (Adam Guttentag ppt) 
- Advanced imaging in acute back pain and sciatica does not change outcomes. 
- Cause of back pain and sciatica: muscle/ligaments, synovial joint (facet, SIJ), disc (AF tear, nerve root impingement), spondylosis, bone ( tumor, fracture), infection. 
- Epidemiology: common (acute LBP is the 2nd common complaint to GP, >75% adult will suffer at some time), 90% will resolve spontaneously.  <10% sciatica needs surgery. 
- False positive: Most adults >40 will have degenerative changes, MRI shows disc pathology in majority of adults. Many asymptomatic people have disc bulges and protrusions
- When to image: Conservative treatment for 4-6 weeks unless red flags( infection, tumor, serious neurological impairment) 
- Red flags for early imaging:  severe progressive neurological deficit, fracture, tumor, infection ( recent bacterial infection, immune suppression, fever IVDU
- Options:  
1) X ray: AP, lateral films, oblique (spondylolysis, facet OA, foraminal stenosis), flexion/extension films (instability).
Detect spondylolisthesis, par fracture, facet arthritis, tumor, infection in disc space. 
2) CT: better for bone details, arthritis, acute disc disease + myelography as adjunct
3) MRI: very good for disc, paraspinal pathology, stenosis, infection, marrow disorder, contrast for infection, post-OP, tumour 
- IV contrast only if suspected infection, tumour, post-OP recurrent disc vs scar tissue) 
4) Bone scan: not for primary imaging in most cases 
5) Discography 


Imaging the back pain patient 【Timothy Maus 2010】
Differential diagnosis of low back pain 
1. Mechanical LBP or leg pain (97%) 
(1) Lumbar strain or sprain (70%) 
(2) Degenerative process of disc and facets (10%): usually related to age 
(3) Herniated disc (4%). 
(4) Spinal stenosis (3%) 
(5) Osteoporotic compression fracture (4%) 
(6) Spondylolisthesis (2%) 
(7) Traumatic fractures (<1%) 
(8) Congenital disease: severe kyphosis, scoliosis, transitional vertebrae)
(9) Spondylolysis 
(10) Internal disc disruption (IDD) or discogenic back pain
(11) Presumed instability 
2. Nonmechanical spine conditions (1%) 
(1) Neoplasia: Multiple myeloma, metastatics , lymphoma leukemia, spinal cord tumors, retroperitoneal tumors, primary vertebral tumor 
(2) Infection (0.01%): Osteomyelitis, septic discitis, paraspinous abscess, epidural abscess, shingles. 
(3) Inflammatory arthritis: Ankylosing spondylitis, psoriatic spondylitis, Reiter syndrome, IBD, 
(4) Scheuermann disease (osteochondrosis) 
(5) Paget’s disease. 
3. Visceral disease (2%) 
1) Pelvic organ involvement: Prostatitis, endometriosis, Chronic PID
2) Renal involvement: nephrolithiasis, pyelonephritis, perinephric abscess 
3) AAA
4) Gastrointestinal involvement: pancreatitis, cholecystitis, penetrating ulcer 
Imaging recommendations 
· Early imaging not suggested in acute back or leg pain in the absence of information that suggest underlying systemic disease or signs of neurologic impairment which may require interventions. 
- Ineffective:   
1) A UK RTS [Simoons et al. 2003]: pt with LBP for 6 weeks, lumbar x ray made no difference at 9 months follow up 
2) Early advanced imaging had no significant effect on outcome. 
- Costly: 

· Imaging is indicated if patient has failed conservative therapy or has ‘red flag’ features 
· Risk and benefit factors should be considered when ordering scans 
i) Radiation exposure from xray, CT, nuclear medicine studies (cumulative risk of neoplasm induction) 
CXR=   0.1mSv;    3-view Lumbar xray= 1.5mSV.   Lumbar spine CT= 6.3 mSv.   Abdo, pelvic CT= 14 mSv. 
ii) Imaging is costly 
iii) Provocation of intervention: Leads to increased surgical risk; incidental findings feed to patient’s pain perception
· Consider Sensitivity, specificity and reliability of each scans 
i) High prevalence of asymptomatic degenerative changes in spines. 
- Hult [1954]: radiographic evidence of disc degeneration:  
                                              56% age     40-44 y.o  
                                              87%            by age 50 y.o          
                                              90%             50-59y.o
- Hellstrom et all [1990]   20%    in 14-25y.o. 
- Kjaer[2005]:                     21%  in 13 years old 
ii)  Prevalence of asymptomatic degenerative findings increases with increasing age
iii)  Disc extrusions, severe central canal stenosis, direct evidence of neural compression are more likely to be truly symptomatic findings (but disc bulges, protrusions, facet arthropathy, antero- or retrolisthesis are usually asymptomatic)
iv) Basic sensitivity flaw: 
-  MRI, CT in supine diminishes sensitivity to detect dynamic neural compressive lesions.
-  motion artifact due to pain reduce sensitivity. 

Definition of imaging findings 
Disc desiccation
· Mild: mild diffuse decrease in signal or focal moderate or severe decrease <1/3 of disc area on sagittal image
· Moderate: moderate diffuse decrease in signal or focal moderate or severe decrease 1/3-2/3 of disc area on sagittal image.
· Severe: severe diffuse decrease (no residual high T2 signal) >2/3 of disc area on sagittal image
Annular tear: focal hyperintensity of the annulus on T2-weighted image
Loss of disc height: decrease in disc height compared with expected height of a hydrated disc at the same level 
Morphology: 
· Bulge: ( herniation > 50% the circumference of the disc) circumferential symmetric extension of the disc beyond the interspace
· Protrusion: focal or asymmetrical extension of the disc beyond the interspace with the base against the disc of origin broader than any other dimension of the protrusion
· Focal protrusion: <25% circumference. 
· Broad-based protrusion: 25-50% circumference. 
· Extrusion: more extreme extension of the disc of origin narrower than the diameter of the extruding material itself or with no connection between the material and the disc 
· Sequestration: loss of continuity of a disc fragment with the parent disc from which it arose. 
· Location of protrusion: central, paracentral  ( affecting lower level root) ; foraminal, extraforaminal ( affecting current level root) 
Overall
· Normal, young: High T2 signal with normal height 
· Normal aging: low T2 signal with normal height 
· Scared: low T2 signal and height loss 
Endplate changes 
· Normal: 
· Modic 1: low T1 and high T2 (endplate oedema) 
· Modic 2: high T1 and low T2 (fatty changes)
· Modic 3: Low T 1 and low T2 (sclerosis) 
Stenosis
· Mild: encroachment on central canal but abundant cerebrospinal fluid still present around roots
· Moderate: crowded roots with only small amount of residual cerebrospinal fluid
· Severe: no residual cerebrospinal fluid

  

Imaging of degenerative phenomena 
Disc degeneration: 
1) X ray: a. loss of disc space height; b. nitrogen gas within the disc space (vacuum sign) c. marginal osteophytes. 
(Normally disc space height increases L1-L4. The L5 or L5/S1 disc is variable in height, may normally be less than L4. 
  L5 vertebral body is usually the largest) 
2) CT:  similar but more sensitive than x ray 
3) T2W MRI:  a. diminished nuclear signal (due to loss of proteoglycans and alteration in their hydration status); b. loss of disc space height; c. failure of fibrous annulus results in fissuring HIZ lesion (focal zone of elevated t2 signal or gadolinium enhancement within the outer annulus) 
- (normal nucleus pulposis is hyperintense, bounded by hypointense annulus. The intranuclear cleft, a horizontal hypointense band crossing the centre of the nucleus are norming finding in mature disc) 
( HIZ pathology and genesis of discogenic pain: 
- fissures penetrate the annulus to the epidural space, granulation tissue invades the disc, 
- Growth of unmyelinated C- type nociceptors into the inner annulus or nuclear compartment. 
- exposure to the nuclear biochemical environment is postulated to sensitize these nociceptors they fire at very low levels of mechanical stress) 

Endplate changes 
Modic changes: 
Endplate and adjacent subchondral marrow changes that accompany disc degeneration. 
Modic classification
	Type
	Type I
	Type II
	Type III

	Pathology
	1. Ingrowth of vascularized granulation tissue into sub-endplate marrow 
2. TNF immunoreactive cells seen 
3. associated with back pain (73%)
4. May be associated with segmental instability (70%) pseudoarthroses if persistent type I. 
5. Preprocedure suggests better outcome. 
	1. Fatty infiltration
2. may suggest back pain (11%)
3. segmental instability ( 16%) 
	Post-inflammatory fibrotic changes/ sclerosis) 

	T1
	Hypointense (Dark)
	White 
	Dark 

	T2
	Hyperintense (white) 
	White 
	Dark



Annular fissure (HIZ) 
· A focus of bright T2 signal within posterior annulus (indicating a vascularized granulation tissue). 
· An MRI marker of a painful degenerated disc (Specificity 89%, Sensitivity 82%, but other study suggested low sensitivity 11-57%) 
· Suggests an annular fissure. 
· 

T2 signal abnormality: degree of T2 signal loss suggest painful disc (sensitivities 90% to 98%. Specificities 39%-77%) 
5-class Pfirrmann scale
Grade 1: homogeneous （均质的） bright T2 nuclear signal
Grade 2: inhomogeneous （不均质的） bright T2 nuclear signal
Grade 3: inhomogeneous intermediate gray nuclear signal, nuclear-annular boundary indistinct （不清楚的）, disc height normal or slightly decreased
Grade 4: inhomogeneous dark gray signal, nuclear- annular boundary lost, normal to moderate lyreduced disc height
Grade 5: inhomogeneous dark signal, no nuclear-annular boundary, disc space collapse 

Loss of Disc Height 
[Ito et al, O’Neill et al.] Mod loss of disc space:  Sens  87%  specificity 69%           
                                          Severe loss                                 73%                     81%              discogenic pain 97-98% (sens)  30-18% ( specif) 
· Severe loss of disc space height  strong predictor of a positive discogram 
· A disc herniation +  HIZ was of most value with PPV 87% as a predictor of positive discography. 
· MRI moderate disc signal loss + disc bulge: best combination of sensitivity (80%) and specificity (79%). 
Normal aging changes: Spondylosis deformans (变形性椎关节强直) 
· loss of T2 signal within the disc,
· loss of disc space height
· absence of radial annular tears, disc herniation, posterior osteophytes 
Pathologic degeneration 
· intervertebral osteochondrosis （骨软骨病）
· Herniation: displacement of disc material beyond its normal intervertebral disc space. 
· Bulge: herniation                    >50% of the circumference of the disc. 
· Localized herniation:             <50% 
· Broad-based herniation:       25 -50% 
· Focal herniations                    <25%
   * 90% disc herniation occur at the L4 or L5 interspace levels 
   * Most disc herniations is posterolateral 
   * Most disc herniations impinge on the traversing nerve, which will exit under the next lower vertebral pedicle (L4-L5 disc affecting L5 root) 
· Extrusion and protrusion 
1) Extrusion: loss of continuity of a disc fragment. The width of the displaced disc material exceeds its base or aperture in any plane  suggesting complete disruption of the outer annulus 
2) Protrusion: the width of displaced disc material, in any plan, does not exceed the width of its base or the aperture through which the disc material had left its normal position. 
3) Migration: displacement of disc material away from the parent disc . 

Glossary of disc pathology term
1) Bulge: diffuse enlargement of disc area (very common, but usually not clinically important)
2) Protrusion: Nucleus pulposis pushes focally through fibres of annulus fibrosis (base wider than apex, may focally impinge on nerve or thecal sac) 
3) Extrusion: Nucleus material pushes out beyond posterior longitudinal ligament but remains in contact with disc space ( apex wider than base, likely to impinge on nerve roots) 
4) Sequestration: Disc fragment isolated from parent disc. 
5) Herniation: NOT recommended
Localizing terms -  Central, paracentral, foraminal, lateral 


Imaging options in disc herniation 
· Are well detected by CT, CT myelography, MRI 
· Little difference among unenhanced CT, CT myelography and MRI in detection of compressive lesions [Thornbury et al. 1993]. 
· [Rijn et al. 2006] No evidence that CT was inferior to MRI in detection of disc herniation. 
· Gadolinium contrast material not routinely used in evaluating radicular pain in non-operated spine 
- Herniated disc material enhances minimally and slowly 
- May enhance intrathecal root indicating radiculitis 
- Enhancement mark the presence of inflammatory response 
· Postoperative changes: mimic recurrent herniation. CT, myelography have limited utility. MRI in first 6 weeks also confounded. 
-MRI + gadolinium beyond 6 weeks can distinguish recurrent dis from scar  [Ross, 1999].  Extensive epidural fibrosis is a negative prognostic sign for persistent radiculitis following surgery. 
 Empty sac sign: a milder form of arachnoiditis,  Low lumbar and sacral roots may be adherent to the lateral margin of the thecal sac, resulting empty sac sign. 
· 
Imaging Natural history of disc herniation: Spontaneous involution. 
· [Saal et al. 1990] 50%  disc herniation case diminish by 75% in cross-section area with conservative treatment on follow up 
· [Maigne et al. 1992] 65% diminished by 75% to 100% in volume on follow-up CT. The largest herniations, the greatest resolution. 
· Patient with greatest degree of resolution were younger pt with shorter duration of symptoms, and highly positive SLR test 
· Large herniations, particularly sequestrations and extrusions, are more likely to resolve. 
· Broad bulges, confined within the annulus, are least likely to change over time. 

Spondylosis
- Degenerative disease: 
1) Disc dessication, bulges and protrusions
2) Ligamentum flavum hypertrophy
3) Facet arthritis and hypertrophy
4) Degenerative spondylolisthesis (not spondylolysis) 
5) Osteophytes 
 * All combine to cause stenosis of spaces that nerve roots pass through: canal, lateral recess, neural foramen 

·  

Facet disease
1) Common in older patients
2) May cause pain radiating to hip, stimulating sciatica
3) Predisposes to dynamic instability
4) Contributes to spinal and foraminal stenosis 

Mild disc bulges or protrusions
1) Very common incidental findings 
2) Focal sciatica
3) Spinal stenosis only if large or in combination with other factors 
4) Usually not significant unless good correlation with symptoms 

Key words
· spinal stenosis
· foraminal stenosis
· nerve root displacement, compression or impingement 

Compression fracture 
- New: hypointense T1, Hyperintense T2 (easily missed if only T2 sequence used) 
- Chronic: same marrow signal as other vertebral bodies on all sequences 

Metastatic disease: T1 discs darker than marrow, T2 brighter, enhances with contrast ( exception: sclerotic prostate metastases) 


Imaging the Back pain Patient (Timothy Maus) 
Different differential diagnosis of low back pain 
- Mechanical: sprain, degenerative, disc protrusion, internal disc disruption, spinal stenosis, osteoporotic #, trauma#, congenital ( kyphosis, scoliosis) , spondylolysis, instability
- Nonmechanical: cancer, infection, inflammatory, Scheuermann dx, Paget
- Visceral disease: Pelvic organ, renal, AAA, GI involvement

Zygapophysial joints 
Basic knowledge
1) SAP concaved faces posteriorly and medially , ISP convex 
2) In erect standing position,          Z-joints bear 16% compressive load. 
       In a flexed sitting position                                   0%
       Degenerative disc disease                           bear more axial load 
3) Innervated by nociceptors and proprioceptive fibers. ( Normally high threshold)
chemical mediators may sensitize these nociceptors ( Substance P, bradykinin, phospholipase A2) 
4) OA of Z-joint is a common phenomenon ( >50% of 40 y.o) 
Imaging findings 
1) X ray: Joint space narrowing + sclerosis of the articular surfaces + marginal osteophytes. 
2) CT: Better display of all above findings + subchondral erosions + synovial cysts + outpouchings of synovial space 
3) MRI: directly visualize the loss of cartilage + joint effusion.


Cervical zygapophysial joint pain maps(Cooper, bogduk) 
· Z-Joints of cervical spine are common source of chronic neck pain 40-60%. 
· The diagnosis of cervical z-joint pain is based on the response on the response to diagnostic blocks of the medial branches of the cervical dorsal rami that innervate the painful joint or joints. 
· Medial branch blocks are an invasive procedure, require radiation exposure. 

· Dwyer et al. normal volunteers perceived pain when cervical z-joint were stimulated with intraarticular injections of contrast medium 
· Fukui et al. 61 symptomatic pt with suspected facet joint pain, Pain reproduced by injection of contrast medium into the joints or by    electrical stimulation of the dorsal rami. 
· Windsor et al. pain was evoked when medial branches were stimulated electrically in normal volunteers

· C0/1: occipital region. Upper posterolateral cervical region
· C1-2: occipital region. Upper posterolateral cervical region.  region of the ear and the orbit 
· C2-3: Upper posterior cervical region, occipital region. Upper posteolateral cervical region. from occiput to the vertex. Does not encompass the ear 
· C3-4: lower posterior cervical region, middle posterior cervical region. Suprascapular region
· C4-5 lower posterior cervical region, middle posterior cervical region, suprascapular region.
· C5-6: suprascapular region. Lower posterior cervical region. Superior angle of the scapular. Middle posterior cervical region, shoulder joint
· C6/7: superior angle of the scapula, mid-scapular region, lower posterior cervical region, shoulder joint, suprascapular region
· C7-T1: mid-scapular region, superior angle of the scapula

· Patient with headache C2-3 is more likely to be the source 
· Pain in ear should raise suspicion of a C1-2 source 
· Pain in the lower neck not involving headache : C4-5. C5-6 and C6-7 

· 


