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                    Abstract
Background
Several recent studies have focused on microstructural changes in the trigeminal nerve in trigeminal neuralgia using diffusion tensor imaging (DTI). However, alterations after microvascular decompression (MVD) have rarely been investigated. Furthermore, the trigeminal nerve of asymptomatic individuals also presenting with neurovascular contact/compression (NVC) has not yet been studied.
Methods
Thirty-four patients suffering from trigeminal neuralgia and 34 healthy age-matched controls, who were identified as having unilateral NVC signs, underwent both DTI and high-resolution magnetic resonance imaging (MRI) for comparison. All trigeminal neuralgia patients underwent a post-surgical MRI scan after 7 days and a follow-up MRI scan within 6–8 months after surgery. The apparent diffusion coefficients (ADCs) and fractional anisotropy (FA) values were measured from coronal images in which the nerves from the root exit point to the distal segment were clearly shown.
Results
In 34 trigeminal neuralgia patients, the absolute FA value was significantly lower on the affected side (mean FA, 0.34 ± 0.03) than on the unaffected side (mean FA, 0.37 ± 0.05, p < 0.001). The FA ratio was also significantly different between the trigeminal neuralgia group (RsFA, 0.92 ± 0.06) and the control group (RsFA, 0.99 ± 0.09) (p = 0.001). The absolute ADC value between the two sides in patients and the ratios of ADC between the trigeminal neuralgia and control groups did not show any significant differences (p = 0.21 and 0.29, respectively). However, in 34 healthy subjects presenting with signs of NVC, neither the FA value nor the ADC showed a difference between sides (p > 0.05). The FA ratio of patients showed a significant increase on two follow-up MRI scans compared to the preoperative FA (p = 0.02 and 0.002, respectively), while the ADC ratio showed a significant decrease at 6 months after MVD (p = 0.004).
Conclusion
This study of trigeminal neuralgia due to NVC found that DTI indexes could reflect alterations in the affected trigeminal nerve. Furthermore, a reversible change after MVD surgery could be potentially valuable for monitoring the change in white matter of the trigeminal nerve.
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                    Abbreviations
	ADC:
	
                    apparent diffusion coefficient

                  
	AICA:
	
                    anterior inferior cerebellar artery

                  
	DTI:
	
                    diffusion tensor imaging

                  
	FA:
	
                    fractional anisotropy

                  
	MRI:
	
                    magnetic resonance imaging

                  
	MVD:
	
                    microvascular decompression

                  
	NVC:
	
                    nerve vascular compression/contact

                  
	SCA:
	
                    superior cerebellar artery

                  



References
	van Hecke O, Austin SK, Khan RA, Smith BH, Torrance N (2014) Neuropathic pain in the general population: a systematic review of epidemiological studies. Pain 155:654–662
Article 
    PubMed 
    
                    Google Scholar 
                

	Hodaie M, Coello AF (2013) Advances in the management of trigeminal neuralgia. J Neurosurg Sci 57:13–21
CAS 
    PubMed 
    
                    Google Scholar 
                

	Patel SK, Liu JK (2016) Overview and history of trigeminal neuralgia. Neurosurg Clin N Am 27:265–276
Article 
    PubMed 
    
                    Google Scholar 
                

	Pollock BE (2012) Surgical management of medically refractory trigeminal neuralgia. Curr Neurol Neurosci Rep 12:125–131
Article 
    PubMed 
    
                    Google Scholar 
                

	Maarbjerg S, Wolfram F, Gozalov A, Olesen J, Bendtsen L (2015) Association between neurovascular contact and clinical characteristics in classical trigeminal neuralgia: a prospective clinical study using 3.0 Tesla MRI. Cephalalgia 35:1077–1084
Article 
    PubMed 
    
                    Google Scholar 
                

	Pierpaoli C, Jezzard P, Basser PJ, Barnett A, Di Chiro G (1996) Diffusion tensor MR imaging of the human brain. Radiology 201:637–648
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	DeSouza DD, Hodaie M, Davis KD (2016) Structural magnetic resonance imaging can identify trigeminal system abnormalities in classical trigeminal neuralgia. Front Neuroanat 10:95
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Fujiwara S, Sasaki M, Wada T et al (2011) High-resolution diffusion tensor imaging for the detection of diffusion abnormalities in the trigeminal nerves of patients with trigeminal neuralgia caused by neurovascular compression. J Neuroimaging 21:e102–e108
Article 
    PubMed 
    
                    Google Scholar 
                

	DeSouza DD, Hodaie M, Davis KD (2014) Abnormal trigeminal nerve microstructure and brain white matter in idiopathic trigeminal neuralgia. Pain 155:37–44
Article 
    PubMed 
    
                    Google Scholar 
                

	Fujiwara S, Sasaki M, Kanbara Y et al (2007) Improved geometric distortion in coronal diffusion-weighted and diffusion tensor imaging using a whole-brain isotropic-voxel acquisition technique at 3 Tesla. Magn Reson Med Sci 6:127–132
Article 
    PubMed 
    
                    Google Scholar 
                

	Leal PR, Roch JA, Hermier M, Souza MA, Cristino-Filho G, Sindou M (2011) Structural abnormalities of the trigeminal root revealed by diffusion tensor imaging in patients with trigeminal neuralgia caused by neurovascular compression: a prospective, double-blind, controlled study. Pain 152:2357–2364
Article 
    PubMed 
    
                    Google Scholar 
                

	Lutz J, Thon N, Stahl R et al (2016) Microstructural alterations in trigeminal neuralgia determined by diffusion tensor imaging are independent of symptom duration, severity, and type of neurovascular conflict. J Neurosurg 124:823–830
Article 
    PubMed 
    
                    Google Scholar 
                

	Lummel N, Mehrkens JH, Linn J et al (2015) Diffusion tensor imaging of the trigeminal nerve in patients with trigeminal neuralgia due to multiple sclerosis. Neuroradiology 57:259–267
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Neetu S, Sunil K, Ashish A, Jayantee K, Usha KM (2016) Microstructural abnormalities of the trigeminal nerve by diffusion-tensor imaging in trigeminal neuralgia without neurovascular compression. Neuroradiol J 29:13–18
Article 
    PubMed 
    
                    Google Scholar 
                

	Zhang Y, Mao Z, Cui Z et al (2018) Diffusion tensor imaging of axonal and myelin changes in classical trigeminal neuralgia. World Neurosurg 112:e597–e607
Article 
    PubMed 
    
                    Google Scholar 
                

	Lin W, Chen YL, Zhang QW (2014) Vascular compression of the trigeminal nerve in asymptomatic individuals: a voxel-wise analysis of axial and radial diffusivity. Acta Neurochir 156:577–580
Article 
    PubMed 
    
                    Google Scholar 
                

	Adamczyk M, Bulski T, Sowinska J, Furmanek A, Bekiesinska-Figatowska M (2007) Trigeminal nerve - artery contact in people without trigeminal neuralgia - MR study. Med Sci Monit 13(Suppl 1):38–43
PubMed 
    
                    Google Scholar 
                

	Cottee LJ, Daniel C, Loh WS, Harrison BM, Burke W (2003) Remyelination and recovery of conduction in cat optic nerve after demyelination by pressure. Exp Neurol 184:865–877
Article 
    PubMed 
    
                    Google Scholar 
                

	Herweh C, Kress B, Rasche D et al (2007) Loss of anisotropy in trigeminal neuralgia revealed by diffusion tensor imaging. Neurology 68:776–778
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Basser PJ, Mattiello J, Le Bihan D (1994) MR diffusion tensor spectroscopy and imaging. Biophys J 66:259–267
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	DeSouza DD, Davis KD, Hodaie M (2015) Reversal of insular and microstructural nerve abnormalities following effective surgical treatment for trigeminal neuralgia. Pain 156:1112–1123
PubMed 
    
                    Google Scholar 
                

	Lee CC, Chong ST, Chen CJ et al (2018) The timing of stereotactic radiosurgery for medically refractory trigeminal neuralgia: the evidence from diffusion tractography images. Acta Neurochir 160(5):977–986
Article 
    PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgments
We greatly thank all the patients of this study for their participation.


Author information
Author notes	Weimin Chai and Chao You contributed equally to this work.


Authors and Affiliations
	Department of Radiology, Ruijin Hospital, Shanghai Jiao Tong University School of Medicine, No. 197 Rui Jin Er Rd., Shanghai, 200025, China
Weimin Chai, Ling Tan, Yongjing Guan & Kemin Chen

	Department of Radiology, Fudan University Cancer Center, Department of Oncology, Shanghai Medical College, Fudan University, Shanghai, People’s Republic of China
Chao You

	Department of Neurology, Ruijin Hospital North, Shanghai Jiao Tong University School of Medicine, Shanghai, China
Weifeng Zhang

	Department of Public Health, Medical School, Qinghai University, Xining, 810000, China
Wen Peng


Authors	Weimin ChaiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Chao YouView author publications
You can also search for this author in
                        PubMed Google Scholar



	Weifeng ZhangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Wen PengView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ling TanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yongjing GuanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kemin ChenView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Weimin Chai.


Ethics declarations

              
              
                Conflict of interest

                The authors declare that they have no conflict of interest.

              
              
                Ethical approval

                All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.

              
              
                Informed consent

                This study was approved by the institutional review board.

              
            

Additional information
Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
This article is part of the Topical Collection on Functional Neurosurgery - Pain


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Chai, W., You, C., Zhang, W. et al. Diffusion tensor imaging of microstructural alterations in the trigeminal nerve due to neurovascular contact/compression.
                    Acta Neurochir 161, 1407–1413 (2019). https://doi.org/10.1007/s00701-019-03851-2
Download citation
	Received: 22 May 2018

	Accepted: 13 February 2019

	Published: 08 May 2019

	Issue Date: 01 July 2019

	DOI: https://doi.org/10.1007/s00701-019-03851-2


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	MRI
	Diffusion tensor imaging
	Trigeminal neuralgia
	Neurovascular contact/compression
	Microvascular decompression








                    
                

            

            
                
                    

                    
                        
                            
    
        
            
                Associated Content

                
                    
                        
                        Part of a collection:

                        
                        
                            Functional Neurosurgery – Pain
                        

                    

                
            

        
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.205.78.186
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    