
    
    

    
    

    

    
    
    
      
    
    seminars in musculoskeletal radiology


    
    
    
    



    

      

  
    	
          
            DE
          
        
	
          EN
        
	
        
          Home
        
      
	
        Products
        	
            
              Journals
            
          
	
            
              Books
            
          
	
            
              Book Series
            
          


        

      
	
        Service
        	
            
              Library Service
            
          


        

      
	
        Help
      
	
        
          Contact
        
      
	
        
          Portal
        
      


  

  
    
    
      
        Seminars in Musculoskeletal Radiology
      
    

    

  
    
    
      
        
          Full-text search
        

      

      	Full-text search
	Author Search
	Title Search
	DOI Search
	Metadata Search


    

    
    
    
    
  




  

  
    


  



  	
	
	
	
	
	
        
          Journal
        
        	
                Aims and Scope
              
	
                Editorial Board
              


      
	
        
          Authors
        
        	
                Instructions for Authors
              
	
                Submission
              


      
	
          
            Subscription
          
          	
                  Subscription Information & Contacts
                
	
                  Institutional Licensing
                


        
	
        
        
        
          
        
          
            Social Media
            
          
        
          
        
          
        
        	
                X
              


      





    	
        
        
        
        
        
        
          
          
            
              Not Logged In
            
             
              Login
            
            
              	
                  
                    
                      
                      
                      
                      
                        Username or e-mail address: 
                        
                      

                      
                        Password:
                        
                      

                      
                        
                      

                      Forgot Access Data?
                      
                        Register Now
                      
                      
                        OpenAthens/Shibboleth Login
                      
                    

                  
                


            

          
        
        

        

      
	
        
        
          Shopping Cart
        
        









        
        
      


  

  
    
      
    

    
    
      
    
    
    
    
    
    
    
    
    
      
        
          
        

      
    
  




      

      

      
        




  



  

  
    
    
      [image: ]
      
    

    
    
      
        
          
          
          
          
            Year (Archive)
            
              
                
                  2024
                

              

              	
                      
                      
                      
                      
                        2024
                      
                    
	
                      
                      
                      
                      
                        2023
                      
                    
	
                      
                      
                      
                      
                        2022
                      
                    
	
                      
                      
                      
                      
                        2021
                      
                    
	
                      
                      
                      
                      
                        2020
                      
                    
	
                      
                      
                      
                      
                        2019
                      
                    
	
                      
                      
                      
                      
                        2018
                      
                    
	
                      
                      
                      
                      
                        2017
                      
                    
	
                      
                      
                      
                      
                        2016
                      
                    
	
                      
                      
                      
                      
                        2015
                      
                    
	
                      
                      
                      
                      
                        2014
                      
                    
	
                      
                      
                      
                      
                        2013
                      
                    
	
                      
                      
                      
                      
                        2012
                      
                    
	
                      
                      
                      
                      
                        2011
                      
                    
	
                      
                      
                      
                      
                        2010
                      
                    
	
                      
                      
                      
                      
                        2009
                      
                    
	
                      
                      
                      
                      
                        2008
                      
                    
	
                      
                      
                      
                      
                        2007
                      
                    
	
                      
                      
                      
                      
                        2006
                      
                    
	
                      
                      
                      
                      
                        2005
                      
                    
	
                      
                      
                      
                      
                        2004
                      
                    
	
                      
                      
                      
                      
                        2003
                      
                    
	
                      
                      
                      
                      
                        2002
                      
                    
	
                      
                      
                      
                      
                        2001
                      
                    
	
                      
                      
                      
                      
                        2000
                      
                    
	
                      
                      
                      
                      
                        1999
                      
                    
	
                      
                      
                      
                      
                        1998
                      
                    
	
                      
                      
                      
                      
                        1997
                      
                    


            

          

          
          
          
            Issues
            

          

        


        	
                Table of Contents
              
	
            
              
                Current Issue
              
            
          
	
              
                Free Sample Issue (01/2024)
              
            


      
    

    
    
      

  
  
    
      
      
    
    
      
        
        
      

    
  



    
    
    

    

    

    
        
      
        
      
        
      
        
      
        
      
        
      
        
      
        
      
        
      
        
      
    
      
    
      
        
      
    
      
        
          
            
              Related Journals
            

            
              	
                      
                        

                        
                          Seminars in Interventional Radiology
                        

                      
                    
	
                      
                        

                        
                          Ultraschall in der Medizin - European Journal of Ultrasound
                        

                      
                    
	
                      
                        

                        
                          Ultrasound International Open
                        

                      
                    
	
                      
                        

                        
                          International Journal of Sports Medicine
                        

                      
                    
	
                      
                        

                        
                          Sports Medicine International Open
                        

                      
                    
	
                      
                        

                        
                          The Journal of Hip Surgery
                        

                      
                    
	
                      
                        

                        
                          Journal of Clinical Interventional Radiology
                        

                      
                    


            

          

        
      
    
      
        
          
            
              Related Books
            

            
              	
                      
                        

                        
                          Radiology
                        

                      
                    
	
                      
                        

                        
                          Orthopaedics
                        

                      
                    


            

          

        
      
    
      
    
      
    
      
    
      
    
      
    
      
    
  

    
  

  
  
  






  
  

  
    

  
  
    
      
      
    
    
      
      
    
  



    


  

    

    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    

    
    
    

    
      
        
          Subscribe to RSS

          Please copy the URL and add it into your RSS Feed Reader.

          
          https://www.thieme-connect.de/rss/thieme/en/10.1055-s-00000070.xml
        

      

    

    

    

    
      
        [bookmark: saveLink]
      
    

    
      
        
      

      
        
      

      
        
          Share / Bookmark

          Facebook
          X
          Linkedin
          Weibo
        

      

    

    

    

    
      
          
              
          
      
    

    

    

    
      
        
        
          
          
          
        
      
    
  


  
    
      
        
          
            
              Download PDF
            
          
        
      

      
        
          
            
          
        
      

    

  

  

  
  
    
  
  




    
    
Semin Musculoskelet Radiol 2024; 28(02): 193-202
DOI: 10.1055/s-0043-1778031


Review Article



Return to Play Following Concussion: Role for Imaging?


Drew Sanclemente


1
           
        Medical Student, Sidney Kimmel Medical College, Thomas Jefferson University, Philadelphia, Pennsylvania

, 


Jeffrey A. Belair


2
           
        Department of Radiology, Thomas Jefferson University, Philadelphia, Pennsylvania

, 


Kiran S. Talekar


3
           
        Department of Radiology, Brain Mapping (fMRI and DTI) in Neuroradiology, Thomas Jefferson University, Philadelphia, Pennsylvania

, 


Johannes B. Roedl


2
           
        Department of Radiology, Thomas Jefferson University, Philadelphia, Pennsylvania

, 



Stephen Stache 
      


4
           
        Division of Non-Operative Sports Medicine, Department of Orthopaedics and Family and Community Medicine, Rothman Orthopaedic Institute, Thomas Jefferson University, Sidney Kimmel Medical College, Philadelphia, Pennsylvania


5
           
        Department of Orthopaedics and Pediatrics, University Athletics, Drexel University and Drexel College of Medicine, Philadelphia, Pennsylvania



› Author Affiliations


      › Further Information

Also available at[image: ]





	
Abstract

	
Full Text

	
References




 

[image: SFX Search]

 Buy Article Permissions and Reprints



[image: ]


        
[bookmark: N10BAD]
Abstract

        
This review surveys concussion management, focusing on the use of neuroimaging techniques in return to play (RTP) decisions. Clinical assessments traditionally were the foundation of concussion diagnoses. However, their subjective nature prompted an exploration of neuroimaging modalities to enhance diagnosis and management. Magnetic resonance spectroscopy provides information about metabolic changes and alterations in the absence of structural abnormalities. Diffusion tensor imaging uncovers microstructural changes in white matter. Functional magnetic resonance imaging assesses neuronal activity to reveal changes in cognitive and sensorimotor functions. Positron emission tomography can assess metabolic disturbances using radiotracers, offering insight into the long-term effects of concussions. Vestibulo-ocular dysfunction screening and eye tracking assess vestibular and oculomotor function. Although these neuroimaging techniques demonstrate promise, continued research and standardization are needed before they can be integrated into the clinical setting. This review emphasizes the potential for neuroimaging in enhancing the accuracy of concussion diagnosis and guiding RTP decisions.

      


        
[bookmark: N10BB6]
Keywords

        magnetic resonance spectroscopy - 
        diffusion tensor imaging - 
        functional magnetic resonance imaging - 
        positron emission tomography - 
        amyloid imaging
      





[bookmark: info]
Publication History

Article published online:
14 March 2024



© 2024. Thieme. All rights reserved.

Thieme Medical Publishers, Inc.
333 Seventh Avenue, 18th Floor, New York, NY 10001, USA




 

[bookmark: ]

[bookmark: N11277]
	
References


	
[bookmark: JR2300070-1]1 
          
            Harmon KG, 
          
          
            Drezner JA, 
          
          
            Gammons M. 
          
          et al. 
        American Medical Society for Sports Medicine position statement: concussion in sport. Br J Sports Med 2013; 47 (01) 15-26 



Google Scholar





	
[bookmark: JR2300070-2]2 
          
            Harmon KG. 
          
        Assessment and management of concussion in sports. Am Fam Physician 1999; 60 (03) 887-892 , 894 



Google Scholar





	
[bookmark: JR2300070-3]3 
          
            McCrea HJ, 
          
          
            Perrine K, 
          
          
            Niogi S, 
          
          
            Härtl R. 
          
        Concussion in sports. Sports Health 2013; 5 (02) 160-164 



Google Scholar





	
[bookmark: BR2300070-4]4 
          
            Slobounov SM, 
          
          
            Sebastianelli WJ. 
          
        Foundations of Sport-Related Brain Injuries. New York, NY: Springer Science & Business Media;; 2006 



Google Scholar





	
[bookmark: JR2300070-5]5 
          
            Difiori JP, 
          
          
            Giza CC. 
          
        New techniques in concussion imaging. Curr Sports Med Rep 2010; 9 (01) 35-39 



Google Scholar





	
[bookmark: JR2300070-6]6 
          
            Putukian M. 
          
        Clinical evaluation of the concussed athlete: a view from the sideline. J Athl Train 2017; 52 (03) 236-244 



Google Scholar





	
[bookmark: JR2300070-7]7 
          
            McCrea M, 
          
          
            Guskiewicz K. 
          
        Evidence-based management of sport-related concussion. Prog Neurol Surg 2014; 28: 112-127 



Google Scholar





	
[bookmark: JR2300070-8]8 
          
            Teare-Ketter A, 
          
          
            Ebert J, 
          
          
            Todd H. 
          
        The implementation of a return-to-play protocol with standardized physical therapy referrals in a collegiate football program: PT's role in return-to-play, a clinical commentary. Int J Sports Phys Ther 2023; 18 (02) 513-525 



Google Scholar





	
[bookmark: JR2300070-9]9 
          
            Fick DS. 
          
        Management of concussion in collision sports. Guidelines for the sidelines. Postgrad Med 1995; 97 (02) 53-56 , 59–60 



Google Scholar





	
[bookmark: JR2300070-10]10 
          
            McCrea M, 
          
          
            Kelly JP, 
          
          
            Kluge J, 
          
          
            Ackley B, 
          
          
            Randolph C. 
          
        Standardized assessment of concussion in football players. Neurology 1997; 48 (03) 586-588 



Google Scholar





	
[bookmark: JR2300070-11]11 
          
            Mayers L. 
          
        Return-to-play criteria after athletic concussion: a need for revision. Arch Neurol 2008; 65 (09) 1158-1161 



Google Scholar





	
[bookmark: JR2300070-12]12 
          
            Neumann KD, 
          
          
            Broshek DK, 
          
          
            Newman BT, 
          
          
            Druzgal TJ, 
          
          
            Kundu BK, 
          
          
            Resch JE. 
          
        Concussion: beyond the cascade. Cells 2023; 12 (17) 2128 



Google Scholar





	
[bookmark: JR2300070-13]13 
          
            Bytomski J. 
          
        Sports medicine: concussion. FP Essent 2022; 518: 11-17 



Google Scholar





	
[bookmark: JR2300070-14]14 
          
            Harmon KG, 
          
          
            Clugston JR, 
          
          
            Dec K. 
          
          et al. 
        American Medical Society for Sports Medicine position statement on concussion in sport. Br J Sports Med 2019; 53 (04) 213-225 



Google Scholar





	
[bookmark: BR2300070-15]15 
          
            Bolouri H, 
          
          
            Zetterberg H. 
          
        Animal models for concussion: molecular and cognitive assessments—relevance to sport and military concussions.  In: Kobeissy FH, ed. Brain Neurotrauma: Molecular, Neuropsychological, and Rehabilitation Aspects. Boca Raton, FL: CRC Press/Taylor & Francis; 2015:Chapter 46 



Google Scholar





	
[bookmark: OR2300070-16]16 
          Traumatic brain injury data.. 
         Available at:  https://www.cdc.gov/traumaticbraininjury/data/index.html.  Accessed October 30, 2023 







	
[bookmark: BR2300070-17]17 
          
            Saluja RS. 
          
        The Use of Functional Magnetic Resonance Imaging in the Assessment of Pediatric Patients Post Concussion. Montreal, QC, Canada:: McGill University Libraries;; 2017 



Google Scholar





	
[bookmark: BR2300070-18]18 
          
            Riascos R, 
          
          
            Bonfante-Mejia EE. 
          
        Imaging of Brain Concussion, an Issue of Neuroimaging Clinics of North America. Philadelphia, PA:: Elsevier Health Sciences;; 2017 



Google Scholar





	
[bookmark: JR2300070-19]19 
          
            Yuh EL, 
          
          
            Hawryluk GWJ, 
          
          
            Manley GT. 
          
        Imaging concussion: a review. Neurosurgery 2014; 75 (Suppl 4): S50-S63 



Google Scholar





	
[bookmark: JR2300070-20]20 
          
            Slobounov S, 
          
          
            Gay M, 
          
          
            Johnson B, 
          
          
            Zhang K. 
          
        Concussion in athletics: ongoing clinical and brain imaging research controversies. Brain Imaging Behav 2012; 6 (02) 224-243 



Google Scholar





	
[bookmark: JR2300070-21]21 
          
            Schrader H, 
          
          
            Mickeviciene D, 
          
          
            Gleizniene R. 
          
          et al. 
        Magnetic resonance imaging after most common form of concussion. BMC Med Imaging 2009; 9: 11 



Google Scholar





	
[bookmark: JR2300070-22]22 
          
            Wilde EA, 
          
          
            McCauley SR, 
          
          
            Hunter JV. 
          
          et al. 
        Diffusion tensor imaging of acute mild traumatic brain injury in adolescents. Neurology 2008; 70 (12) 948-955 



Google Scholar





	
[bookmark: JR2300070-23]23 
          
            Gay M, 
          
          
            Slobounov S. 
          
        Concussion: a window into brain–movement relations in motor control. Kinesiol Rev (Champaign) 2018; 7 (01) 51-57 



Google Scholar





	
[bookmark: JR2300070-24]24 
          
            Chen SHA, 
          
          
            Kareken DA, 
          
          
            Fastenau PS, 
          
          
            Trexler LE, 
          
          
            Hutchins GD. 
          
        A study of persistent post-concussion symptoms in mild head trauma using positron emission tomography. J Neurol Neurosurg Psychiatry 2003; 74 (03) 326-332 



Google Scholar





	
[bookmark: OR2300070-25]25 
          
            Abraham L, 
          
          
            Bell KR. 
          
        The use of neuroimaging by community physicians in children with mild traumatic brain injuries.  Presented at: 13th World Congress on Brain Injury, March 13–16, 2019; Toronto, ON, Canada 



Google Scholar





	
[bookmark: BR2300070-26]26 
          
            Hainline B, 
          
          
            Gurin LJ, 
          
          
            Torres DM. 
          
        Concussion. New York, NY:: Oxford University Press;; 2020 



Google Scholar





	
[bookmark: JR2300070-27]27 
          
            Dettwiler A, 
          
          
            Murugavel M, 
          
          
            Putukian M, 
          
          
            Cubon V, 
          
          
            Furtado J, 
          
          
            Osherson D. 
          
        Persistent differences in patterns of brain activation after sports-related concussion: a longitudinal functional magnetic resonance imaging study. J Neurotrauma 2014; 31 (02) 180-188 



Google Scholar





	
[bookmark: OR2300070-28]28 
          Data finder: Health, United States.. 
         Available at:  https://www.cdc.gov/nchs/hus/data-finder.htm?&subject=Physical%20activity.  Accessed October 30, 2023 







	
[bookmark: JR2300070-29]29 
          
            Patricios JS, 
          
          
            Schneider KJ, 
          
          
            Dvorak J. 
          
          et al. 
        Consensus statement on concussion in sport: the 6th International Conference on Concussion in Sport-Amsterdam, October 2022. Br J Sports Med 2023; 57 (11) 695-711 



Google Scholar





	
[bookmark: JR2300070-30]30 
          
            Yue JK, 
          
          
            Phelps RRL, 
          
          
            Chandra A, 
          
          
            Winkler EA, 
          
          
            Manley GT, 
          
          
            Berger MS. 
          
        Sideline concussion assessment: the current state of the art. Neurosurgery 2020; 87 (03) 466-475 



Google Scholar





	
[bookmark: JR2300070-31]31 
          
            Podell K, 
          
          
            Presley C, 
          
          
            Derman H. 
          
        Sideline sports concussion assessment. Neurol Clin 2017; 35 (03) 435-450 



Google Scholar





	
[bookmark: JR2300070-32]32 
          
            Yengo-Kahn AM, 
          
          
            Hale AT, 
          
          
            Zalneraitis BH, 
          
          
            Zuckerman SL, 
          
          
            Sills AK, 
          
          
            Solomon GS. 
          
        The Sport Concussion Assessment Tool: a systematic review. Neurosurg Focus 2016; 40 (04) E6 



Google Scholar





	
[bookmark: JR2300070-33]33 
          
            Katz BP, 
          
          
            Kudela M, 
          
          
            Harezlak J, 
          
          
            McCrea M, 
          
          
            McAllister T, 
          
          
            Broglio SP. 
          
          CARE Consortium Investigators. 
        Baseline performance of NCAA athletes on a Concussion Assessment Battery: a report from the CARE Consortium. Sports Med 2018; 48 (08) 1971-1985 



Google Scholar





	
[bookmark: JR2300070-34]34 
          
            Herring S, 
          
          
            Kibler WB, 
          
          
            Putukian M. 
          
          et al. 
        Selected issues in sport-related concussion (SRC|mild traumatic brain injury) for the team physician: a consensus statement. Curr Sports Med Rep 2021; 20 (08) 420-431 



Google Scholar





	
[bookmark: JR2300070-35]35 
          
            Gregory A, 
          
          
            Poddar S. 
          
        Diagnosis and sideline management of sport-related concussion. Clin Sports Med 2021; 40 (01) 53-63 



Google Scholar





	
[bookmark: JR2300070-36]36 
          
            Okonkwo DO, 
          
          
            Tempel ZJ, 
          
          
            Maroon J. 
          
        Sideline assessment tools for the evaluation of concussion in athletes: a review. Neurosurgery 2014; 75 (Suppl 4): S82-S95 



Google Scholar





	
[bookmark: JR2300070-37]37 
          
            Hyden J, 
          
          
            Petty B. 
          
        Sideline management of concussion. Phys Med Rehabil Clin N Am 2016; 27 (02) 395-409 



Google Scholar





	
[bookmark: JR2300070-38]38 
          
            Sussman ES, 
          
          
            Ho AL, 
          
          
            Pendharkar AV, 
          
          
            Ghajar J. 
          
        Clinical evaluation of concussion: the evolving role of oculomotor assessments. Neurosurg Focus 2016; 40 (04) E7 



Google Scholar





	
[bookmark: JR2300070-39]39 
          
            Giza CC, 
          
          
            Kutcher JS. 
          
        An introduction to sports concussions. Continuum (Minneap Minn) 2014; 20 (6 Sports Neurology): 1545-1551 



Google Scholar





	
[bookmark: OR2300070-40]40 
          
            Makdissi M, 
          
          
            Cantu RC, 
          
          
            Johnston KM, 
          
          
            McCrory P, 
          
          
            Meeuwisse WH. 
          
         The difficult concussion patient: what is the best approach to investigation and management of persistent (> 10 days) postconcussive symptoms? Available at:  https://bjsm.bmj.com/content/47/5/308.short.  Accessed  October 30, 2023 







	
[bookmark: JR2300070-41]41 
          
            Toledo E, 
          
          
            Lebel A, 
          
          
            Becerra L. 
          
          et al. 
        The young brain and concussion: imaging as a biomarker for diagnosis and prognosis. Neurosci Biobehav Rev 2012; 36 (06) 1510-1531 



Google Scholar





	
[bookmark: JR2300070-42]42 
          
            Giza CC, 
          
          
            Hovda DA. 
          
        The new neurometabolic cascade of concussion. Neurosurgery 2014; 75 (0 4, Suppl 4): S24-S33 



Google Scholar





	
[bookmark: JR2300070-43]43 
          
            MacFarlane MP, 
          
          
            Glenn TC. 
          
        Neurochemical cascade of concussion. Brain Inj 2015; 29 (02) 139-153 



Google Scholar





	
[bookmark: JR2300070-44]44 
          
            Hovda DA. 
          
        The neurophysiology of concussion. Prog Neurol Surg 2014; 28: 28-37 



Google Scholar





	
[bookmark: JR2300070-45]45 
          
            Giza CC, 
          
          
            Hovda DA. 
          
        The neurometabolic cascade of concussion. J Athl Train 2001; 36 (03) 228-235 



Google Scholar





	
[bookmark: JR2300070-46]46 
          
            Davis G, 
          
          
            Makdissi M. 
          
        Use of video to facilitate sideline concussion diagnosis and management decision-making. J Sci Med Sport 2016; 19 (11) 898-902 



Google Scholar





	
[bookmark: JR2300070-47]47 
          
            Ventura RE, 
          
          
            Jancuska JM, 
          
          
            Balcer LJ, 
          
          
            Galetta SL. 
          
        Diagnostic tests for concussion: is vision part of the puzzle?. J Neuroophthalmol 2015; 35 (01) 73-81 



Google Scholar





	
[bookmark: OR2300070-48]48 
          
            Echemendia RJ, 
          
          
            Broglio SP, 
          
          
            Davis GA. 
          
          et al. 
         What test and measures should be added to the SCAT3 and related tests to improve their reliability, sensitivity and/or specificity in sideline concussion diagnosis? A systematic review [abstract]. Available at:  https://bjsm.bmj.com/content/51/11/895  Accessed October 30, 2023 







	
[bookmark: JR2300070-49]49 
          
            Patricios J, 
          
          
            Fuller GW, 
          
          
            Ellenbogen R. 
          
          et al. 
        What are the critical elements of sideline screening that can be used to establish the diagnosis of concussion? A systematic review. Br J Sports Med 2017; 51 (11) 888-894 



Google Scholar





	
[bookmark: JR2300070-50]50 
          
            McCrea M. 
          
        Standardized mental status testing on the sideline after sport-related concussion. J Athl Train 2001; 36 (03) 274-279 



Google Scholar





	
[bookmark: JR2300070-51]51 
          
            Wang Y, 
          
          
            Nelson LD, 
          
          
            LaRoche AA. 
          
          et al. 
        Cerebral blood flow alterations in acute sport-related concussion. J Neurotrauma 2016; 33 (13) 1227-1236 



Google Scholar





	
[bookmark: OR2300070-52]52 
          National Collegiate Athletics Association.. 
        Concussion safety protocol management.  Available at:  https://www.ncaa.org/sports/2016/7/20/concussion-safety-protocol-management.aspx.  Accessed October 30, 2023 



Google Scholar





	
[bookmark: OR2300070-53]53 
          National Federation of State High School Associations (NFHS).. 
        NFHS sports medicine position statements and guidelines.  Available at:  https://www.nfhs.org/sports-resource-content/nfhs-sports-medicine-position-statements-and-guidelines/.  Accessed October 30, 2023 



Google Scholar





	
[bookmark: OR2300070-54]54 
          ImPACT Applications.. 
        Concussion protocol 101: For team physicians, athletic trainers, healthcare providers, and rehab professionals.  Available at:  https://impacttest.com/wp-content/uploads/Concussion-Protocol-101-Guide.pdf  Accessed October 30, 2023 



Google Scholar





	
[bookmark: JR2300070-55]55 
          
            Gianotti S, 
          
          
            Hume PA. 
          
        Concussion sideline management intervention for rugby union leads to reduced concussion claims. NeuroRehabilitation 2007; 22 (03) 181-189 



Google Scholar





	
[bookmark: OR2300070-56]56 
          Centers for Disease Control and Prevention.. 
        Managing return to activities.  Available at:  https://www.cdc.gov/headsup/providers/return_to_activities.html  Accessed October 30, 2023 



Google Scholar





	
[bookmark: JR2300070-57]57 
          
            Schweser F, 
          
          
            Deistung A, 
          
          
            Lehr BW, 
          
          
            Reichenbach JR. 
          
        Differentiation between diamagnetic and paramagnetic cerebral lesions based on magnetic susceptibility mapping. Med Phys 2010; 37 (10) 5165-5178 



Google Scholar





	
[bookmark: JR2300070-58]58 
          
            Hageman G, 
          
          
            Hof J, 
          
          
            Nihom J. 
          
        Susceptibility-weighted MRI and microbleeds in mild traumatic brain injury: prediction of posttraumatic complaints?. Eur Neurol 2022; 85 (03) 177-185 



Google Scholar





	
[bookmark: JR2300070-59]59 
          
            Gujar SK, 
          
          
            Maheshwari S, 
          
          
            Björkman-Burtscher I, 
          
          
            Sundgren PC. 
          
        Magnetic resonance spectroscopy. J Neuroophthalmol 2005; 25 (03) 217-226 



Google Scholar





	
[bookmark: JR2300070-60]60 
          
            Ellemberg D, 
          
          
            Henry LC, 
          
          
            Macciocchi SN, 
          
          
            Guskiewicz KM, 
          
          
            Broglio SP. 
          
        Advances in sport concussion assessment: from behavioral to brain imaging measures. J Neurotrauma 2009; 26 (12) 2365-2382 



Google Scholar





	
[bookmark: JR2300070-61]61 
          
            Viano DC, 
          
          
            Hamberger A, 
          
          
            Bolouri H, 
          
          
            Säljö A. 
          
        Concussion in professional football: animal model of brain injury—part 15. Neurosurgery 2009; 64 (06) 1162-1173 ; discussion 1173 



Google Scholar





	
[bookmark: JR2300070-62]62 
          
            Weinberg BD, 
          
          
            Kuruva M, 
          
          
            Shim H, 
          
          
            Mullins ME. 
          
        Clinical applications of magnetic resonance spectroscopy in brain tumors: from diagnosis to treatment. Radiol Clin North Am 2021; 59 (03) 349-362 



Google Scholar





	
[bookmark: JR2300070-63]63 
          
            Dean PJ, 
          
          
            Sato JR, 
          
          
            Vieira G, 
          
          
            McNamara A, 
          
          
            Sterr A. 
          
        Multimodal imaging of mild traumatic brain injury and persistent postconcussion syndrome. Brain Behav 2015; 5 (01) 45-61 



Google Scholar





	
[bookmark: JR2300070-64]64 
          
            Holshouser B, 
          
          
            Pivonka-Jones J, 
          
          
            Nichols JG. 
          
          et al. 
        Longitudinal metabolite changes after traumatic brain injury: a prospective pediatric magnetic resonance spectroscopic imaging study. J Neurotrauma 2019; 36 (08) 1352-1360 



Google Scholar





	
[bookmark: JR2300070-65]65 
          
            Lees B, 
          
          
            Earls NE, 
          
          
            Meares S. 
          
          et al. 
        Diffusion tensor imaging in sport-related concussion: a systematic review using an a priori quality rating system. J Neurotrauma 2021; 38 (22) 3032-3046 



Google Scholar





	
[bookmark: JR2300070-66]66 
          
            Gonzalez AC, 
          
          
            Kim M, 
          
          
            Keser Z. 
          
          et al. 
        Diffusion tensor imaging correlates of concussion related cognitive impairment. Front Neurol 2021; 12: 639179 



Google Scholar





	
[bookmark: JR2300070-67]67 
          
            Muller J, 
          
          
            Middleton D, 
          
          
            Alizadeh M. 
          
          et al. 
        Hybrid diffusion imaging reveals altered white matter tract integrity and associations with symptoms and cognitive dysfunction in chronic traumatic brain injury. Neuroimage Clin 2021; 30: 102681 



Google Scholar





	
[bookmark: JR2300070-68]68 
          
            Virji-Babul N, 
          
          
            Borich MR, 
          
          
            Makan N. 
          
          et al. 
        Diffusion tensor imaging of sports-related concussion in adolescents. Pediatr Neurol 2013; 48 (01) 24-29 



Google Scholar





	
[bookmark: JR2300070-69]69 
          
            Wada T, 
          
          
            Asano Y, 
          
          
            Shinoda J. 
          
        Decreased fractional anisotropy evaluated using tract-based spatial statistics and correlated with cognitive dysfunction in patients with mild traumatic brain injury in the chronic stage. AJNR Am J Neuroradiol 2012; 33 (11) 2117-2122 



Google Scholar





	
[bookmark: JR2300070-70]70 
          
            Alexander AL, 
          
          
            Wu YC, 
          
          
            Venkat PC. 
          
        Hybrid diffusion imaging (HYDI). Conf Proc IEEE Eng Med Biol Soc 2006; 2006: 2245-2248 



Google Scholar





	
[bookmark: JR2300070-71]71 
          
            Wu YC, 
          
          
            Mustafi SM, 
          
          
            Harezlak J, 
          
          
            Kodiweera C, 
          
          
            Flashman LA, 
          
          
            McAllister TW. 
          
        Hybrid diffusion imaging in mild traumatic brain injury. J Neurotrauma 2018; 35 (20) 2377-2390 



Google Scholar





	
[bookmark: JR2300070-72]72 
          
            Vedaei F, 
          
          
            Newberg AB, 
          
          
            Alizadeh M. 
          
          et al. 
        Resting-state functional MRI metrics in patients with chronic mild traumatic brain injury and their association with clinical cognitive performance. Front Hum Neurosci 2021; 15: 768485 



Google Scholar





	
[bookmark: JR2300070-73]73 
          
            Dunst B, 
          
          
            Benedek M, 
          
          
            Jauk E. 
          
          et al. 
        Neural efficiency as a function of task demands. Intelligence 2014; 42 (100) 22-30 



Google Scholar





	
[bookmark: JR2300070-74]74 
          
            Dallmeier JD, 
          
          
            Meysami S, 
          
          
            Merrill DA, 
          
          
            Raji CA. 
          
        Emerging advances of in vivo detection of chronic traumatic encephalopathy and traumatic brain injury. Br J Radiol 2019; 92 (1101) 20180925 



Google Scholar





	
[bookmark: JR2300070-75]75 
          
            Lovell MR, 
          
          
            Pardini JE, 
          
          
            Welling J. 
          
          et al. 
        Functional brain abnormalities are related to clinical recovery and time to return-to-play in athletes. Neurosurgery 2007; 61 (02) 352-359 ; discussion 359–360 



Google Scholar





	
[bookmark: JR2300070-76]76 
          
            Barrio JR, 
          
          
            Small GW, 
          
          
            Wong KP. 
          
          et al. 
        In vivo characterization of chronic traumatic encephalopathy using [F-18]FDDNP PET brain imaging. Proc Natl Acad Sci U S A 2015; 112 (16) E2039-E2047 



Google Scholar





	
[bookmark: JR2300070-77]77 
          
            Levin HS. 
          
        Neuroplasticity following non-penetrating traumatic brain injury. Brain Inj 2003; 17 (08) 665-674 



Google Scholar





	
[bookmark: JR2300070-78]78 
          
            Hillary FG, 
          
          
            Genova HM, 
          
          
            Medaglia JD. 
          
          et al. 
        The nature of processing speed deficits in traumatic brain injury: is less brain more?. Brain Imaging Behav 2010; 4 (02) 141-154 



Google Scholar





	
[bookmark: JR2300070-79]79 
          
            Filippi L, 
          
          
            Schillaci O, 
          
          
            Palumbo B. 
          
        Neuroimaging with PET/CT in chronic traumatic encephalopathy: what nuclear medicine can do to move the field forward. Expert Rev Mol Diagn 2022; 22 (02) 149-156 



Google Scholar





	
[bookmark: JR2300070-80]80 
          
            Sparks P, 
          
          
            Lawrence T, 
          
          
            Hinze S. 
          
        Neuroimaging in the diagnosis of chronic traumatic encephalopathy: a systematic review. Clin J Sport Med 2020; 30 (Suppl 1): S1-S10 



Google Scholar





	
[bookmark: BR2300070-81]81 
          
            Glaudemans A, 
          
          
            Dierckx R, 
          
          
            Gielen J, 
          
          
            Zwerver J. 
          
        Nuclear Medicine and Radiologic Imaging in Sports Injuries. New York, NY:: Springer;; 2015 



Google Scholar





	
[bookmark: JR2300070-82]82 
          
            Raji CA, 
          
          
            Henderson TA. 
          
        PET and single-photon emission computed tomography in brain concussion. Neuroimaging Clin N Am 2018; 28 (01) 67-82 



Google Scholar





	
[bookmark: JR2300070-83]83 
          
            Marklund N, 
          
          
            Vedung F, 
          
          
            Lubberink M. 
          
          et al. 
        Tau aggregation and increased neuroinflammation in athletes after sports-related concussions and in traumatic brain injury patients—a PET/MR study. Neuroimage Clin 2021; 30: 102665 



Google Scholar





	
[bookmark: JR2300070-84]84 
          
            Bischof GN, 
          
          
            Cross DJ. 
          
        Brain trauma imaging. J Nucl Med 2023; 64 (01) 20-29 



Google Scholar





	
[bookmark: JR2300070-85]85 
          
            Byrnes KR, 
          
          
            Wilson CM, 
          
          
            Brabazon F. 
          
          et al. 
        FDG-PET imaging in mild traumatic brain injury: a critical review. Front Neuroenergetics 2014; 5: 13 



Google Scholar





	
[bookmark: JR2300070-86]86 
          
            Shively S, 
          
          
            Scher AI, 
          
          
            Perl DP, 
          
          
            Diaz-Arrastia R. 
          
        Dementia resulting from traumatic brain injury: what is the pathology?. Arch Neurol 2012; 69 (10) 1245-1251 



Google Scholar





	
[bookmark: JR2300070-87]87 
          
            Stein TD, 
          
          
            Alvarez VE, 
          
          
            McKee AC. 
          
        Concussion in chronic traumatic encephalopathy. Curr Pain Headache Rep 2015; 19 (10) 47 



Google Scholar





	
[bookmark: JR2300070-88]88 
          
            Nicks R, 
          
          
            Clement NF, 
          
          
            Alvarez VE. 
          
          et al. 
        Repetitive head impacts and chronic traumatic encephalopathy are associated with TDP-43 inclusions and hippocampal sclerosis. Acta Neuropathol 2023; 145 (04) 395-408 



Google Scholar





	
[bookmark: JR2300070-89]89 
          
            Hong YT, 
          
          
            Veenith T, 
          
          
            Dewar D. 
          
          et al. 
        Amyloid imaging with carbon 11-labeled Pittsburgh compound B for traumatic brain injury. JAMA Neurol 2014; 71 (01) 23-31 



Google Scholar





	
[bookmark: JR2300070-90]90 
          
            Ellis MJ, 
          
          
            Cordingley D, 
          
          
            Vis S, 
          
          
            Reimer K, 
          
          
            Leiter J, 
          
          
            Russell K. 
          
        Vestibulo-ocular dysfunction in pediatric sports-related concussion. J Neurosurg Pediatr 2015; 16 (03) 248-255 



Google Scholar





	
[bookmark: JR2300070-91]91 
          
            Kontos AP, 
          
          
            Deitrick JM, 
          
          
            Collins MW, 
          
          
            Mucha A. 
          
        Review of vestibular and oculomotor screening and concussion rehabilitation. J Athl Train 2017; 52 (03) 256-261 



Google Scholar





	
[bookmark: JR2300070-92]92 
          
            Murray NG, 
          
          
            Ambati VNP, 
          
          
            Contreras MM, 
          
          
            Salvatore AP, 
          
          
            Reed-Jones RJ. 
          
        Assessment of oculomotor control and balance post-concussion: a preliminary study for a novel approach to concussion management. Brain Inj 2014; 28 (04) 496-503 



Google Scholar





	
[bookmark: JR2300070-93]93 
          
            Wolf A, 
          
          
            Tripanpitak K, 
          
          
            Umeda S, 
          
          
            Otake-Matsuura M. 
          
        Eye-tracking paradigms for the assessment of mild cognitive impairment: a systematic review. Front Psychol 2023; 14: 1197567 



Google Scholar





	
[bookmark: OR2300070-94]94 
          
            Shin J. 
          
        The role of medical imaging in the diagnosis of chronic traumatic encephalopathy in vivo.  Available at:  https://nhsjs.com/2023/the-role-of-medical-imaging-in-the-diagnosis-of-chronic-traumatic-encephalopathy-in-vivo/.  Accessed October 30, 2023 



Google Scholar





	
[bookmark: JR2300070-95]95 
          
            Peters ME, 
          
          
            Rahman S, 
          
          
            Coughlin JM, 
          
          
            Pomper MG, 
          
          
            Sair HI. 
          
        Characterizing the link between glial activation and changed functional connectivity in National Football League players using multimodal neuroimaging. J Neuropsychiatry Clin Neurosci 2020; 32 (02) 191-195 



Google Scholar





	
[bookmark: JR2300070-96]96 
          
            Kirov II, 
          
          
            Whitlow CT, 
          
          
            Zamora C. 
          
        Susceptibility-weighted imaging and magnetic resonance spectroscopy in concussion. Neuroimaging Clin N Am 2018; 28 (01) 91-105 



Google Scholar










 









    
  

  
    
      
        

      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 54.161.200.237
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  