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Risk vs. Reward
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mJOA
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 Improvement in Functional and QoL outcomes across all
groups

◼ Seen across all severity groups

 Except for mJOA

◼ Worse severity of disease = Greater improvement



Measurement Parameters
 Cervical spinal canal

◼ Sagittal A-P diameter

◼ Transverse diameter

◼ Area

◼ A-P diameter/transverse diameter ratio (RAPT)

◼ Torg ratio

 Cervical spinal cord
◼ A-P diameter

◼ Transverse diameter

◼ Area

◼ Cord-flattening ratio (A-P diameter divided by transverse diameter)

◼ Circumference

◼ Circularity



Canal Diameter

 Anatomic measurements

◼ C3-7 14.66-14.88 (1.68) mm

◼ Poor correlation with plain film measurements, 

esp at lower levels

◼ Good correlation with CT

 Senol et al, Clin Anat 2001



Average AP Canal Diameter

 Panjabi et al, 1991; direct measure (n=12)

 Inoue et al, 1996; CT (n=36)

 Gupta et al, 1982; X-ray (n=207)

 Hashimoto et al, 1977; X-ray (n=92)

 Matsuura et al, 1989; CT (n=100)

 Stanley et al, 1986; CT (n=52)

 Payne et al, 1957; X-ray (n=30)

◼ Ito et al, Spine 2004



Average Canal Diameter (Bony)

 C2 = 18.6 (1.9) mm

 C3 = 15.4 (1.9) mm

 C4 = 15.3 (2.0) mm

 C5 = 15.2 (1.9) mm

 C6 = 15.4 (1.9) mm

 C7 = 15.1 (1.3) mm



Average Canal Diameter (Soft Tissue)

 More relevant for cord compression

 Nordquist, 1964; myelography (n=60)

 Chen et al, 1994; X-ray, radioopaque beads 

(n=5)

 Inoue et al, 1996; CT (n=36)

 Nuckley et al, 2002; transducer (n=14)



Average Canal Diameter (Soft Tissue)

 C2 = 14.2 (0.5) mm

 C3 = 12.1 (0.1) mm

 C4 = 11.9 (0.3) mm

 C5 = 12.0 (0.6) mm

 C6 = 11.6 (0.4) mm

 C7 = 11.7 (0.5) mm



Average Cord Diameter

 Nordquist, 1964; myelography (n=47)

 Thijssen et al, 1979; CT myelo (n=20)

 Kameyama et al, 1996; direct (n=12)

 Inoue et al, 1996; CT myelo (n=36)

 Devotka et al, 1982; myelo (n=100)



Average Cord Diameter

 C2 = 7.8 (1.4)

 C3 = 7.5 (1.4)

 C4 = 7.4 (1.5)

 C5 = 7.3 (1.4)

 C6 = 7.1 (1.3)

 C7 = 6.9 (1.2)
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Physiologic Extension Narrows the 

Canal
 Disc bulging & ligamentum folding decrease 

canal by 1.1 mm

◼ Chen et al, J Spinal Disord 1994



Whiplash

 C5-6 canal diameter during 6.5g impact

◼ Soft tissue canal = 12.0 mm

◼ Physiologic extension subtract 1.1 mm

◼ Whiplash event subtract 3.5 mm

◼ Equals 7.4 mm canal

 C5 cord diameter = 7.3 mm

Ito et al, Spine 2004



Whiplash with Stenosis

 If soft tissue canal diameter equals cord 

diameter, 3.5 mm narrowing during 

whiplash injury results in 50% cord 

compression

 Below 3 m/s, 50% cord compression 

causes permanent loss of SSEPs in 50% 

of animal subjects



Decision point

Reward > Risk ? Risk > Reward ?
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 8% of asymptomatic patients develop 

myelopathy at 12 mos.

 22.6% at 44 mos.
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 Spinal Injury network of Fukouka, Japan

 Measured risk of cervical spinal stenosis and spinal 

cord injury after trauma

 Relative risk 125x

 Absolute risk 0.0017, 0.017%
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Decision Point

Reward > Risk ? Risk > Reward ?
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 Overall Complication 
Rate
◼ 18.7% (52 patients, 78 

complications)

◼ #1 – Dysphagia (3.6%)

◼ #2 – Infection  (2.9%)

 The complication rate did 
not differ between 
myelopathy severity 
groups



Complications
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0.52 – 6 %



Complication vs. Benefit
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0.017%> 0.52 %
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Recommendation
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Thank you
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