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Cerebrospinal fluid outflow
along lumbar nerves and
possible relevance for pain
research: case report and
review

CSF outflow through the cribriform plate near the olfac-
tory nerves and the outflow along brain and spinal nerves
are together known as peripheral CSF outflow pathway
(PCOP). It is still not clear whether the PCOP has pathoge-
netic relevance. Our previous clinical observations have in-
dicated that CSF may interact with nerves along the PCOP
and in this article we present our finding of CSF outflow
demonstrated by myelography in a single patient. We also
discuss unexplained experimental pain pathomechanisms
against the background of the PCOP hypothesis. We ob-
served that CSF flowed along lumbar nerves in distal direc-
tion at a speed of about 10 cm per hour on its way through
the tissues, mainly muscles. Total CSF outflow volume at
the lumbar site was remarkable. CSF outflow at lumbar
nerves was also documented by neuroradiology. It is plau-
sible that CSF signaling serves for interaction with nerves
along the PCOP, which could explain previously unknown
pathomechanisms in pain generation. Experimental find-
ings of tactile pain hypersensitivity within lumbosacral
pain pathways could be explained by releasing of mol-
ecules, microparticles, or exosomes into the CSF by mast
cells, which then move with CSF outflow along the PCOP
and interact with nerves, initiating even retrograde synap-
tic stripping.
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INTRODUCTION: THE PERIPHERAL CSF OUTFLOW
PATHWAYS (PCOP)

It has been traditionally accepted that cerebrospinal fluid
(CSF) flows from the subarachnoid spaces (SAS) through
the cribriform plate into the cervical lymphatics, and simi-
larly, along all brain nerves and all peripheral nerves into the
respective tissues. This CSF outflow can transport antigens
from CSF spaces to the extracellular fluid of peripheral tis-
sues, which are then collected into the lymphatic system
(1). CSF outflow through the cribriform plate to cervical
lymphatics has been shown to be important for CNS-spe-
cificimmune responses (2,3), but CSF outflow along (other)
brain nerves and spinal nerves has been only poorly inves-
tigated. Our previous research investigated low level neu-
roinflammation (LLNI) subgroups in severe psychiatric dis-
orders (4). Affective and schizophrenia spectrum disorders
may be accompanied by pain and other sensory symptoms
(5), which could be explained at least in part by LLNI path-
omechanisms that arise from an interaction between CSF
and peripheral nerves along the PCOP It is also suggested
that PCOP-associated symptoms prevail in classic neuroin-
flammation and possibly even in systemic inflammation (6).
CSF has been found to have an important signaling func-
tion; CNS volume transmission involves signaling within the
CNS extracellular spaces with a link to CSF signaling (7).

THE PCOP HYPOTHESIS

We performed CSF filtration as experimental therapy in
cases of severe therapy resistant depression or schizophre-
nia, with the hypothesis that LLNI states may be respon-
sible for therapy resistance (8). During such experimental
CSF filtration procedures performed daily over five days
via lumbar intrathecal catheter, we observed a surprising-
ly rapid improvement of even chronic pain (9-11). In such
cases, the CSF analysis showed LLNI to be present in the
SAS. Thus, we assumed that chronic pain resulted from an
interaction between pathogenic CSF contents and the spi-
nal cord and/or spinal nerves roots within the SAS. There
however remained specific clinical details to be explained:
for example, in some cases pain perception showed wax-
ing-waning asymmetries and was accompanied by slight
paresis, both symptoms being prevalent over months.
These specific aspects cannot be explained by interactions
of pathogenetic CSF and nervous system exclusively with-
in the SAS, as this would likely elicit symmetric appear-
ance of symptoms. Thus, the idea was that CSF signaling
came from more distal sites, meaning PCOP (9). Based
on such observations and on extensive literature, a

www.cmj.hr

Croat Med J. 2014;55:399-404

detailed PCOP hypothesis was formulated (6), proposing a
complex scenario of interactions between CSF and poten-
tially all parts of the CNS that are in contact with the CSF.
This would include the hypothetic CSF signaling on brain
nerves and peripheral nerves along the PCOP through the
tissues, including free nerves ends, where CSF outflow
winds up. In conditions with abnormal CSF content, like in
LLNI states or in classical neuroinflammation, such interac-
tions at the PCOP sites might cause local dysfunctions and
symptoms. However these symptoms might not be easily
detected, as the PCOP is distributed throughout the whole
body, and might be interpreted to be coming from blood,
as blood is a ubiquitous signaling system. Thus, PCOP as-
sociated symptoms could be differentiated from blood-
associated symptoms only by minor local typological dif-
ferences. Such CSF signaling-related symptoms may be
waxing-waning symptoms, slight asymmetries, or differ-
ent distribution of symptoms in larger body parts related
to changes of posture with presumed associated CSF out-
flow variations (6).

PCOP HYPOTHESIS AS A POSSIBLE EXPLANATION FOR
WIDESPREAD TACTILE PAIN HYPERSENSITIVITY

Levy et al (12) investigated widespread tactile pain hy-
persensitivity from activated trigemino-cervical and lum-
bosacral pain pathways induced by mast cell degranula-
tion, but it remained unsolved what mechanism mediated
hind paw hypersensitivity; for example with the available
hypothesis it was difficult to explain the details of the time
course of the changes. We would like to contribute to
these observations by proposing a following scenario in-
volving the PCOP.

1. In general, CSF signaling can be mediated by solutes, es-
pecially proteins, cells, exosomes, microvesicles, or micropar-
ticles containing powerful signaling molecules (7,13).

2. CSF flows from the SAS along the PCOP between the
epineurium and perineurium, making its way down (or dis-
tally from the SAS) the nerves all along its course touching
also the neuronal ganglia. It eventually reaches the periph-
eral tissues at the area where nerves end and CSF outflow
winds up to join the extracellular tissue fluid.

3. Any pathogenic CSF contents might potentially inter-
act with nerves at all PCOP sites where such interaction
is possible, causing pathogenetic consequences at differ-
ent sites from the SAS to the nerve ends, and even to the
neighboring tissues near nerve ends.
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4. Pathogenic CSF contents may for example be released
to the SAS from mast cells within the meninges near the
SAS. Molecules and particles released by mast cell degran-
ulation could then reach through CSF outflow all PCOP
sites and elicit local effects:

a) At peripheral neuronal ganglia the pathogenic CSF con-
tents may easily elicit retrograde synaptic stripping at the
spinal cord level and thus contribute to pain hypersensi-
tivity generation (personal communication with Georg
Kreutzberg) (14, see references 29,30 in 14).

b) In the experiments by Levy et al (12), the mast cell de-
granulation took place in many tissues and at many sites
including the meninges (dura), but was especially strong
near free nerve ends. Molecules released into both, the SAS
or near free nerves ends, could act together. Also locally
released signaling molecules (from mast cells or others)
might gain new effector qualities at local sites when they
interact with CSF, or CSF signaling could influence locally
residing cells, which could then become activated to en-
hance other pathogenic downstream mechanisms.

¢) Unfortunately the CSF outflow patterns and local vol-
umes at various parts of the PCOP appear to be rather
speculative. CSF outflow may depend on the posture (6)
and experiments with absorption of radioactive tracers
showed that it also depended on motor activity, when it
was nearly doubled (15). These authors interpreted the dis-
appearance of tracer from the SAS as absorption, but they
could not differentiate absorption from outflow, because
of the technical approach they used. Edsbagge et al (15)
instead clearly demonstrated CSF outflow (see for compar-
ison the evident considerable CSF outflow volume along
lumbar nerves during routine myelography in our case).

d) CSF outflow and signaling by solutes along the PCOP
may be accompanied by trafficking (and signaling) of CSF
cells along the PCOP. CSF cell trafficking along the PCOP
was proven at the cribriform plate, after which it reached
the cervical lymphatics (2,16,17). It is plausible that CSF cell
trafficking may similarly take place in all other parts of the
PCOP thatis, brain nerves and spinal nerves, but there is still
a lack of evidence to confirm this. We have recently dem-
onstrated in a single case that leukemia cells followed the
PCOP from the subarachnoid spaces along lumbar nerves
found most distally in subcutaneous tissues (18). Thus, CSF
cells in general may have the potential of trafficking along
the PCOP and possibly contributing to local pathogenic or
protective mechanisms at the PCOP.
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PHYSIOLOGICAL CSF OUTFLOW AT LUMBAR NERVES IN
HUMANS DEMONSTRATED BY NEURORADIOLOGICAL
APPROACH

In a patient undergoing lumbar myelography we observed
physiological CSF outflow at lower body nerves, near the in-
jection site (Figure 1). The patient was examined for clinical
reasons unrelated to this study. There was immediate distri-
bution of the contrast medium throughout the neighboring
SASs, at all the neighboring nerve roots (Figure 2), and down
the respective peripheral nerves (Figure 3-5). The cause of
this CSF outflow cannot be increased intrathecal pressure
from injection since we observed a similar finding in many
cases before. Also, this can be excluded on the basis of logi-
cal considerations since after injection of the contrast agent
into the SAS the intrathecal pressure may at best increase for
a few seconds, because injection was performed slowly and
an equivalent volume of CSF was removed before injection.
Apparently, the contrast agent (now dissolved in the CSF)
follows the natural course of CSF outflow along the nerves.
The pattern of distribution is not compatible with a diffuse
distribution or absorption from the SAS into the neighbor-
ing tissues, but with the CSF outflow scenario as proposed
by the PCOP hypothesis (6). Although our neuroradiologi-

FIGURE 1. Lateral view of the spine with the needle inserted
into the lumbar subarachnoid spaces. The water soluble
contrast agent (15 mL Solutrast 250M) was just injected and
distributed immediately throughout the lumbar subarachnoid
space (in black). Time 15:48.
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cal pictures do not allow us to exactly define the anatomi-
cal borders of the outflow pathway and determine wheth-
er these borders definitely represent the epineurium and
perineurium, they support such assumption. We observed
that CSF roughly began to distribute from the SASs into
the neighboring psoas muscle following the course of the
nerve through the tissues. The outflow velocity was about
50 mm per 30 minutes (Figure 4). In addition, CSF slightly
and diffusely distributed into the tissues closely adjacent to
the nerve at many sites along its outflow course (Figure 4,5).
Such disappearance of contrast agent might be explained
by diffusion through the natural borders, ie, nerve sheets, or
alternatively may be produced by multiple small wind ups
of the PCOP all along the nerve, ie, at multiple nerve muscle
end plates. One should note that the anatomy of the wind
up of the PCOP pathway has not yet been described in his-
tological detail.

OUTLOOK

There are still no studies dealing with CSF signaling at the
PCOP sites, possibly mediated by various pathogenic CSF
contents including solutes, microparticles, microvesicles,
and cells. Our case is a rather typical finding, representing
on overall CSF outflow velocity in still position of about 10

FIGURE 2. Posterior-anterior view of the spine (L=left) filling
the lumbar subarachnoid space (black). The contrast agent
has filled both sides (arrows) and the nerve root sleeves, which
demonstrate part of the subarachnoid spaces. Time 15:51.
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cm per hour. More conclusive and systematic studies are
needed to more precisely determine the CSF outflow vol-
umes and flow velocity along the PCOP, and interpersonal,
intrapersonal, and local variability of CSF outflow. It is also
important to define possible modulating factors of CSF
outflow like age, sex, body mass, or the influence of mo-
tor activity. These aspects require systematic studies in ani-
mals and in humans.

Given the poorly explained mechanisms of pain genera-
tion in multiple sclerosis or experimental allergic encepha-

FIGURE 3. After injection of the contrast agent, CT scan

was performed in prone position on a Philips Brilliance 40
CT-Scanner (Hamburg, Germany) in spiral mode, collimation
40x0.625 mm, 120 kV, 110 mAs. Multiplanar reconstructions
were calculated. Time 16:13. Maximum intensity projection

in anterior-posterior view showing the lumbar spine (lumbar
vertebral bodies 1-5, see numbers). The contrast agent is now
visible on both sides outside the subarachnoid space distribut-
ing parallel to the spinal nerves.



Bechter and Schmitz: CSF outflow along lumbar nerves and pain research

litis (19), or in experiments on pain hypersensibility by Levy
et al (12), the PCOP-associated pain pathomechanisms
mediated through pathogenic CSF contents should be fur-
ther investigated. The widespread mast cell degranulation
especially at the meninges observed in the experiments by
Levy et al could be similar to LLNI or classical neuroinflam-
matory mechanisms (4).

50.8/mm

FIGURE 4. Oblique view of the spinal nerve parallel to the
natural course of the nerve through the tissue. The contrast
agent made a distance of 50.8 mm in half an hour. Time 15:51.

. Vertebral body

FIGURE 5. Transverse slice at the level of lumbar segment 3
showing the vertebral body and the nearby subarachnoid
spaces (white) next to the psoas muscle (M. psoas) and the
contrast agent (white) outside the subarachnoid spaces.
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Another question of interest was the overall balance be-
tween CSF production and CSF absorption outflow, the lat-
ter involving the outflow along the PCOP, glymphatic path-
way (20), absorption at arachnoid granulations, and the
balance of fluid exchange between the brain and SAS (21).

Also, it would be interesting to examine the complex CSF
flow patternsinvolving the pulsatile brain (22,23) as the pul-
satile brain drives volume transmission, which is balancing
wiring transmission and is important for CSF signaling (7).
The so called “roamer type” CSF signaling, which involves
exosomes and microparticles (13), may help to better un-
derstand the unsolved questions and pathomechanisms
in psychiatric and neurological disorders.

Funding None.

Ethical approval Not required. This was a post-hoc analysis of the radiologi-
cal pictures of a routine myelography without any changes of the clinical
routine procedure. The patient gave written informed consent as a gen-
eral agreement for later analysis of routinely collected material for scientific
purposes.

Declaration of authorship KB gave the idea for the study and wrote the
majority of the text and discussion. BS performed neuroradiological work
and data analysis, contributed to writing of the text and discussion, and
provided the figures.

Competing interests All authors have completed the Unified Competing
Interest form at www.icmje.org/coi_disclosure.pdf (available on request
from the corresponding author) and declare: no support from any organi-
zation for the submitted work; no financial relationships with any organiza-
tions that might have an interest in the submitted work in the previous 3
years; no other relationships or activities that could appear to have influ-
enced the submitted work.

References

1 Cserr HF, Knopf PM. Cervical lymphatics, the blood-brain barrier
and the immunoreactivity of the brain: a new view. Immunol
Today. 1992;13:507-12. Medline: 1463583 doi:10.1016/0167-
5699(92)90027-5

2 Ransohoff RM, Engelhardt B. The anatomical and cellular basis
of immune surveillance in the central nervous system. Nat Rev
Immunol. 2012;12:623-35. Medline:22903150 doi:10.1038/nri3265

3 Romo-Gonzalez T, Chavarria A, Perez HJ. Central nervous system:
a modified immune surveillance circuit? Brain Behav Immun.
2012;26:823-9. Medline:22310920 doi:10.1016/j.bbi.2012.01.016

4 Bechter K. Updating the mild encephalitis hypothesis
of schizophrenia. Prog Neuropsychopharmacol Biol
Psychiatry. 2013;42:71-91. Medline:22765923 doi:10.1016/j.
pnpbp.2012.06.019

5  Bechter K. Diagnosis of infectious or inflammatory
psychosyndromes. Open Neurol J. 2012;6:113-8. Med|ine:23091572
doi:10.2174/1874205X01206010113

6  Bechter K. The peripheral cerebrospinal fluid outflow pathway -
physiology and pathophysiology of CSF recirculation: a review
and hypothesis. Neurol Psychiatry Brain Res. 2011;17:51-66.

www.cmj.hr

403


www.icmje.org/coi_disclosure.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1463583&dopt=Abstract
http://dx.doi.org/10.1016/0167-5699(92)90027-5
http://dx.doi.org/10.1016/0167-5699(92)90027-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22903150&dopt=Abstract
http://dx.doi.org/10.1038/nri3265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22310920&dopt=Abstract
http://dx.doi.org/10.1016/j.bbi.2012.01.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22765923&dopt=Abstract
http://dx.doi.org/10.1016/j.pnpbp.2012.06.019
http://dx.doi.org/10.1016/j.pnpbp.2012.06.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23091572&dopt=Abstract
http://dx.doi.org/10.2174/1874205X01206010113

404 CASE REPORT

10

1Al

12

13

14

15

doi:10.1016/j.npbr.2011.06.003

Agnati LF, Guidolin D, Guescini M, Genedani S, Fuxe K.
Understanding wiring and volume transmission. Brain

Res Rev. 2010;64:137-59. Med|ine:20347870 doi:10.1016/j.
brainresrev.2010.03.003

Bechter K. Borna Disease Virus. Mégliche Ursache neurologischer
und psychiatrischer Stérungen des Menschen. In: Hippius H.
Janzarik W, Miiller C. Monographien aus dem Gesamtgebiete
Psychiatrie. Darmstadt: Steinkopff; 1998.

Bechter K. Cerebrospinal fluid may mediate pathogenic effects on
nerves via efflux: a hypothesis from unexpected improved pain
syndromes with cerebrospinal fluid filtration. Neurol Psychiatry
Brain Res. 2007;14:37-42.

Bechter K, Herzog S, Schreiner V, Brinkmeier H, Aulkemeyer P,
Weber F. Borna disease virus-related therapy-resistant depression
improved after cerebrospinal fluid filtration. J Psychiatr

Res. 2000;34:393-6. Medline:11165306 doi:10.1016/50022-
3956(00)00033-9

Bechter K, Schreiner V, Herzog S, Breitinger N, Wollinsky KH,
Brinkmeier H, et al. Cerebrospinal fluid filtration as experimental
therapy in therapy refractory psychoses in Borna disease virus
seropositive patients. Therapeutic effects, findings [in German].
Psychiatr Prax. 2003;30:216-20. Medline:14509081 doi:10.1055/s-
2003-39747

Levy D, Kainz V, Burstein R, Strassman AM. Mast cell degranulation
distinctly activates trigemino-cervical and lumbosacral pain
pathways and elicits widespread tactile pain hypersensitivity. Brain
Behav Immun. 2012;26:311-7. Medline:22019552 doi:10.1016/j.
bbi.2011.09.016

Fuxe K, Borroto-Escuela DO, Tarakanov A, Romero-Fernandez

W, Manger P, Rivera A, et al. Understanding the balance and
integration of volume and synaptic transmission. Relevance

for psychiatry. Neurol Psychiatry Brain Res. 2013;19:141-58.
doi:10.1016/j.npbr.2013.10.002

Kreutzberg GW. Microglia: a sensor for pathological events in

the CNS. Trends Neurosci. 1996;19:312-8. Medline:8843599
doi:10.1016/0166-2236(96)10049-7

Edsbagge M, Tisell M, Jacobsson L, Wikkelso C. Spinal CSF
absorption in healthy individuals. Am J Physiol Regul Integr Comp
Physiol. 2004;287:R1450-5. Medline: 15308484

www.cmj.hr

20

21

22

23

Croat Med J. 2014;55:399-404

Goldmann J, Kwidzinski E, Brandt C, Mahlo J, Richter D. Bechmann.
T cells traffic from brain to cervical lymph nodes via the cribroid
plate and the nasal mucosa. J Leukoc Biol. 2006;80:797-801.
Medline:16885505 doi:10.1189/jIb.0306176

Kaminski M, Bechmann |, Pohland M, Kiwit J, Nitsch R, Glumm J.
Migration of monocytes after intracerebral injection at entorhinal
cortex lesion site. J Leukoc Biol. 2012;92:31-9. Med|ine:22291210
doi:10.1189/jlb.0511241

Schmitt M, Neubauer A, Greiner J, Xu X, Barth TF, Bechter K.
Spreading of acute myeloid leukemia cells by trafficking along the
peripheral outflow pathway of cerebrospinal fluid. Anticancer Res.
2011;31:2343-5. Medline:21737662

Lu J, Kurejova M, Wirotanseng LN, Linker RA, Kuner R, Tappe-
Theodor A. Pain in experimental autoimmune encephalitis:

a comparative study between different mouse models.

J Neuroinflammation. 2012;9:233. Medline:23039175
doi:10.1186/1742-2094-9-233

1liff JJ, Wang M, Liao Y, Plogg BA, Peng W, Gundersen GA. A
paravascular pathway facilitates CSF flow through the brain
parenchyma and the clearance of interstitial solutes, including
amyloid beta. Sci Transl Med. 2012;4:147ra111. Medline:22896675
doi:10.1126/scitransImed.3003748

Bulat M, Klarica M. Recent insights into a new hydrodynamics

of the cerebrospinal fluid. Brain Res Rev. 2011;65:99-112.
Medline:20817024 doi:10.1016/j.brainresrev.2010.08.002

Gupta S, Soellinger M, Boesiger P, Poulikakos D, Kurtcuoglu V.
Three-dimensional computational modeling of subject-specific
cerebrospinal fluid flow in the subarachnoid space. J Biomech Eng.
2009;131:021010. Medline:19102569 doi:10.1115/1.3005171
Gupta S, Soellinger M, Grzybowski DM, Boesiger P, Biddiscombe

J, Poulikakos D, et al. Cerebrospinal fluid dynamics in the human
cranial subarachnoid space: an overlooked mediator of cerebral
disease. . Computational model. J R Soc Interface. 2010;7:1195-
204. Medline:20236960 doi:10.1098/rsif.2010.0033


http://dx.doi.org/10.1016/j.npbr.2011.06.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20347870&dopt=Abstract
http://dx.doi.org/10.1016/j.brainresrev.2010.03.003
http://dx.doi.org/10.1016/j.brainresrev.2010.03.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11165306&dopt=Abstract
http://dx.doi.org/10.1016/S0022-3956(00)00033-9
http://dx.doi.org/10.1016/S0022-3956(00)00033-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14509081&dopt=Abstract
http://dx.doi.org/10.1055/s-2003-39747
http://dx.doi.org/10.1055/s-2003-39747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22019552&dopt=Abstract
http://dx.doi.org/10.1016/j.bbi.2011.09.016
http://dx.doi.org/10.1016/j.bbi.2011.09.016
http://dx.doi.org/10.1016/j.npbr.2013.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8843599&dopt=Abstract
http://dx.doi.org/10.1016/0166-2236(96)10049-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15308484&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16885505&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16885505&dopt=Abstract
http://dx.doi.org/10.1189/jlb.0306176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22291210&dopt=Abstract
http://dx.doi.org/10.1189/jlb.0511241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21737662&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23039175&dopt=Abstract
http://dx.doi.org/10.1186/1742-2094-9-233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22896675&dopt=Abstract
http://dx.doi.org/10.1126/scitranslmed.3003748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20817024&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20817024&dopt=Abstract
http://dx.doi.org/10.1016/j.brainresrev.2010.08.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19102569&dopt=Abstract
http://dx.doi.org/10.1115/1.3005171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20236960&dopt=Abstract
http://dx.doi.org/10.1098/rsif.2010.0033

