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      Implications from Imag ng Studies 

James Elliott, PT, PhD 
Northwestern University 
 
           @elliottjim 

   

 
Relevant activities outside the body of this presentation include a 35% 
ownership/investment interest in the following medical consulting start-up: 
 

Pain ID, LLC 
 
 
 
 

 

Work discussed in my presentation is supported by the National Institutes of 

Health: R01 - HD079076-01A1 

Clinical Practice Research  

Imaging  

CLINICAL 

Imaging  
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T1 < 1 day post T3 > 3 months post   T0 = prior to 
painful event 

T2 = 2 weeks post  

Pain and 
Disability 

healthy 
people  

Typical Rear-End Vector Impact 
 

Disc !

(UCV jts)!

articular 
pillar, Fx!

capsule 
tear!

articular, 
subchondral Fx!

meniscoid 
contusion!

intra-articular 
haemorrhage!

Adapted -  Bogduk, N!
T1 < 1 wk post  T3 > 3 months post   T0 = prior to 

painful event 
T2 = 2 weeks post  

Apparent 
Health 
Condition 
OR 
potential 
condition   

Suspected Spine Trauma – Clinical Guidelines 

 
o  1) Canadian Cervical Spine 

Rule (CCSR) 
 
o  2) the National Emergency 

X-Ray Utilization Study Low 
Risk Rule (NEXUS-LRR) 

  
o  3) along with suggestions of 

neurological or cervical 
l igamentous or vascular 
injury.  
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In	  the	  presence	  of	  posi.ve	  clinical	  assessment	  findings	  derived	  from	  the	  
CCSR	  or	  the	  NEXUS-‐LRR,	  computed	  tomography	  (CT)	  is	  the	  ini.al	  imaging	  
modality	  determined	  to	  be	  “usually	  appropriate”	  because	  of	  the	  primary	  
concern	  for	  fracture	  or	  other	  destabilizing	  injury	  	  
	  

Adapted -  Bogduk, N!

OTHER SOFT-TISSUES 

MRI - “usually appropriate”  
•  Neurological/vascular involvement or overt ligamentous injury is 

suspected based on 
•  clinical examination (a diagnosable deficit) 
•  emergent CT results,  
•  patient is un-evaluable for an extended period of time                      

(eg unconscious or obtunded). 
 

Plain x-rays remain a screening tool in low risk 
patients and offer a quick overview in significant 
trauma. 
  

Helical CT with reconstructed images is the study of 
choice to exclude and define fractures. 
 

 
MR offers significant advantages in patients with  

- neurologic symptoms, 
- evaluate the spinal cord,  
- vascular injury,  
- and soft tissue 

 

RANZCR, 2015 

RESEARCH 

Imaging  



5/31/17 

Elliott_James_2017 4 

No pathological cause  
of persistent whiplash has been found 

with available/conventional  
imaging technology  

N = 1211 healthy volunteers  
(20 – 70 years of age) 
100 individuals per decade 
 

•  Disc bulging 
•  Spinal cord 

compression (SCC) 
•  Increased signal 

intensity in spinal cord 
 

Nakashima et al., 2015 

Nakashima et al., 2015 

 Normal Part of Growing Old? !
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Recall - No pathological cause  
of persistent whiplash has been found 

with available/conventional  
imaging technology  

NO pathological cause  
of persistent whiplash has been found 

with the varied methods that have 
been used to ID said pathology 

Other Pathologies  
(or observable responses to an injury event) 

Controls/Idiopathic/
recovered Whiplash 

Chronic Whiplash 

Elliott et al. 2006 – 2015; Karlsson et al., 2016 

Fat 

…appears unique to those that develop persistent WAD in tandem 
with reported risk factors (Ritchie et al., 2015) 

But there is divergent evidence 

Ulbrich et al., Cervical muscle area measurements in whiplash patients: 
Acute, 3, and 6 months of follow-up. J Magn Reson Imaging. 
2012;36:1413-1420. 
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But there is divergent evidence 

Matsumoto et al., Cross-sectional 
area of the posterior extensor 
muscles of the cervical spine in 
whiplash injury patients versus 
healthy volunteers – 10-year follow-up 
MR study. Injury. 2012;43:912-916.   

Different research design/methodologies 

Variability in outcomes assessment provides 
impetus for consistency 

Variability across imaging parameters and measurements 
provides impetus for consistency 

Little consideration for the heterogeneity of WAD 

 
 
 
 
 
 
 
 
 

Improved segmentation of the cervical muscles, which could improve 
quantification of muscle changes  
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Manually defining regions of interest when quantifying paravertebral 
muscles fatty infiltration from axial magnetic resonance imaging: a 

proposed method for the cervical spine with anatomical cross-reference  
 

In preparation 
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Cohen-Adad et al, 2011 
Hoggarth et al., in preparation 

T1 < 1 day post  T3 > 3 months post   T0 = prior to 
painful event 

T2 = 2 weeks post  

Suspected Spine Trauma –  
 
•  Imaging GUIDELINES exist and are 

widely used… 
•  Monitor signs/symptoms 

CLINICAL – status quo  

Apparent 
health 
condition 
OR 
potential 
condition   

Suspected Spine Trauma –  
 
•  Imaging GUIDELINES exist and are 

widely used… 
•  Monitor signs/symptoms 
•  No further imaging required… 
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Digging a bit deeper 
T3 > 3 months 
post 

Severe 
(~25%) 

Pain and 
Disability 

T1 < 1 day post T0 = prior to 
painful event 

T2 = 2 weeks post  

Low  
(~ 50%) 

Mild  
(~25%) 

No severe lesion  
 

+/- normal 
recovery 

 
 

1)  Acute lesion. Delayed 
recovery? 

2)  No severe lesion. 
Delayed recovery? 

3)  More severe lesion.      
Not ID’d, No recovery? 

In my opinion 

T1 < 1 day post  T3 > 3 months post   T0 = prior to 
painful event 

T2 = 2 weeks post  

DEFINED 
PRIMARY 
OUTCOME 

Consensus on minimum core set of imaging 
parameters  
•  Control for age, sex, body habitus, 

ethnicity, pre-existing health, etc, etc 
 

RESEARCH    What is our (well, my) research vision? 

Work across disciplines 

Embrace the heterogeneity of WAD 

Appreciate the value of clinical imaging guidelines 

Reconceptualise fundamental ideas 
 

The person 
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Thank You 
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Sarah Linnstaedt 
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