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EMBRYOLOGY 
OF THE FILUM 

TERMINALE

✓ Reminiscent of embryonic spinal cord 
(“retrogressive differentiation” at 9 to 10 weeks of 
gestation) 

? Just an Appendix or “left over/extra tissue”

? Physiological Role Suspension of the spinal 
cord and Control of Spinal cord motion



VENTRICULAR AND VASCULAR 
ANATOMY OF THE FILUM

❑ On the ending of reissner's fiber in the filum terminale of the spinal 

cord†.                               George B. Wislocki, Elizabeth H. Leduc, Arthur J. 

Mitchell, JCNFirst, June 1956 https://doi.org/10.1002/cne.901040307

❑ The Ventriculus Terminalis and Filum Terminale of the Human Spinal 

Cord. Choi et al. HUM PATHOL 23:916-920, 1992

❑ “While the artery of the filum is of a caliber proportional to that of the filum and 

appears to be a nutrient vessel, the vein has a caliber unrelated to that of the filum 

and appears rather as an intradural drainage route continuous with the anterior 

spinal vein. Several cases of disease of the filum terminale confirm this anatomic 

appearance and also show that, because of the existing hyperpressure in the vein 

of the filum, the posterior spinal vein also shares in the drainage of the latter and 

that entire system may function in both ascending and descending directions.” 

Djindjian, M., Ribeiro, A., Ortega, E. et al. The normal vascularization of the intradural filum 

terminale in man. Surg Radiol Anat 10, 201–209 (1988). https://doi.org/10.1007/BF021

https://onlinelibrary.wiley.com/doi/abs/10.1002/cne.901040307?sid=nlm%3Apubmed#fn1
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Wislocki%2C+George+B
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Leduc%2C+Elizabeth+H
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Mitchell%2C+Arthur+J
https://doi.org/10.1002/cne.901040307
https://doi.org/10.1007/BF021


ULTRASTRUCTURE OF THE 
HUMAN CADAVER FT 

(FONTES ET AL .  2006)

“…morphological evidence shows that the bulk of the FT is 
indeed composed of connective tissue, which is thought to 
play an important role in a pathological condition involving 
the FT (i.e., tethered cord syndrome [TCS]) (5, 19).

5 : Gamble HJ: Electron microscopy observations upon the conus medullaris 
and filum terminale of human fetuses. J Anat 110:173–179, 1971.

19: Selcuki M, Vatansever S, Inan S, Erdemli E, Bagdatoglu C, Polat A: Is a 
filum terminale with a normal appearance really normal? Childs Nerv Syst 
19:3–10, 2003.



ULTRASTRUCTURE OF THE HEALTHY TENDON

Tresoldi et al. 2013



ULTRASTRUCTURE AND HISTOLOGY OF 
TENDON PATHOLOGY: “TENDINOPATHY” 

Tendon SEM changes found hallmarks of 

mechanical overload: crimps and kinks
Veres S and Lee M. 1012Biophysical journal 102 (12), 2876-2884



TEM of non-CTD specimens typically showed a regular straight and longitudinal alignment of the collagen fibrils (A).  The higher

magnifications (B) show the physiological D-Period banding of the fibrils and a uniform fibril diameter as well as a regular distribution 

of the fibrils. TEM of CTD specimens revealed hereditary and acquired components of FT damage. As compared with figure A, figures 

C, E and F illustrate the loss of longitudinal alignment and the appearance of irregular interwoven fibril structures, which has been 

recognized as pathology associated with hereditary CTD pathology. As compared with figure B, figures D, E, and F show acquired 

damage indicating the mechanical overload of the FT 19. Figure D: swollen fibrils with varying diameter often displaying a halo most 

likely indicating denatured collagen. Figure E and F illustrate the collagen fibril pathology at higher magnification. The loss of the 

physiological D-period banding is obvious. Collagen fibrils displayed dark spots posing as string of beads  representing local unwinding 

of fibrils occurring in response to a mechanical overload  20 21 and the dark zebra-like bands in figure F  are most likely representing 

even more progressed fibril damage (F).

COLLAGEN PATHOLOGY IN THE FT
*UNPUBLISHED DATA_DO NOT COPY OR DISTRIBUTE*

TCS



EDS-LIKE COLLAGEN FT PATHOLOGY IN FT
*UNPUBLISHED DATA_DO NOT COPY OR DISTRIBUTE*

“Control” Filum (non-EDS) EDS- Filum 

EDS- skin Bx TEM



TENDON-LIKE “MECHANICAL OVERLOAD” PATHOLOGY IN 
THE HUMAN PATHOLOGICAL FT

*UNPUBLISHED DATA_DO NOT COPY OR DISTRIBUTE* 

“Overcrimping” aka “kinking of collagen fibrils “  

Light microscopic findings:

A: Representative H&E stain of the FT at lower magnification showing regions of dense cellularity (asterisks). 

Those areas were examined with IHC, which confirmed local inflammation. Common leucocyte marker 

(CD45, B), as well as markers of microglial (CD68, C) and immunologically activated mast cells (CD117, D) 

were applied. 



FURTHER EVIDENCE OF 
“ACQUIRED” FILUM 

TENDINOPATHY: 

FT CALCIFICATION AND 
FATTY DEGENERATION 

TENDINOPATHY: GOOGLE



BIODYNAMIC FAILURE OF THE HUMAN FT
*UNPUBLISHED DATA_DO NOT COPY OR DISTRIBUTE*

Butler 1978: physiology of skeletal tendons

The point at which the curves flattens  (arrow) indicates the maximum elongation up 

to which the structure is elastic. Beyond this point tendons and the FT become plastic 

and looses it’s capacity to buffer stress and strain from “spinal impacts”                         

similar to tendon pathologies, aka “tendinopathies”

De Vloo 2016: cadaver specimen of the FT



LOSS OF ELASTICITY WITH CTD AND TENDINOPATHY

Nielssen EDS Quadriceps
Scott Achilles tendinopathy



METHODS: BIOMECHANICAL TESTING 
OF THE FILUM TERMINALE IN TCS

*UNPUBLISHED DATA_DO NOT COPY OR DISTRIBUTE*

• At least a 2cm of the sample is sectioned for use in stress testing, and soaked in 

saline for 5 minutes after sectioning (TCS, OTCS, EDS-TCS)

• MTS Landmark Servohydraulic Test System w/ 125 N load cell is used for 

testing, with Teflon tape on the grips to prevent tissue tearing

• A constant strain rate of .03 s-1 was used to a maximum strain of 15%, 

maintained for 25 minutes

Data Collection:

• Elastic Modulus (Young Modulus)  from linear region of 

stress-strain curve

• Point of tissue damage (if any with 15% strain)

• Stress-relaxation time

❑Vikas Srivasta, Professor of Engineering, Brown University, 
Providence , RI (www.SrivastavaResearchLab.com)

http://www.srivastavaresearchlab.com/


FIRST FINDINGS IN 
BIOMECHANIC

STUDIES OF THE 
HUMAN FT IN 

TETHERED CORD 
SYNDROME_

PRELIMINARY 
DATA

Vikas Srivastava, Biomedical Engineering Brown University Providence RI USA

*unpublished data_Do NOT COPY or DISTRIBUTE*



SUMMARY

Like a muscle tendon, the FT serves as a “shock absorber” to 
protect the conus from spine movement related forces and “impacts 
to the spine”. This is a mechanism unrelated to the length of the 
filum and/or the conus position. 

In CTD, the collagen pathology shows that CTD predisposed to a 
diseased FT 

The tethered cord pathological mechanism in CTD is likely from 
“mechanical overuse of the FT” that leads to “loss of stiffness” and  
forces directly transmitted to the conus causing a spinal cord motion 
disorder



COLLABORATORS AND 
RESEARCH TEAM

❑Vikas Srivasta, Professor of Engineering, Brown 
University, Providence , RI 
(www.SrivastavaResearchLab.com)

❑Philippe De Vloo , M.D., Ph.D, Department of 
Neurosurgery, Katholieke Universiteit Leuven, 
Belgium 

▪ Abby Mc Elroy, D.V.M, M.S, Department of 
Neurosurgery, RI

▪ Owen Leary,  MD/PhD Student, Brown Medical 
School&Clinical Research Program coordinator, RIH , 
Department of Neurosurgery

▪ Thomas Brinker, Professor of Neurosurgery, Emeritus, 
Medical School Hannover, Germany  

http://www.srivastavaresearchlab.com/

