Letter to the Editor

A note on the mapping and quantification of the human brain corticospinal tract

ARTICLE INFO ABSTRACT

Keywords: Several diffusion tensor imaging tractography (DTT) have been adopted to construct the living human
Diffusion tensor imaging brain corticospinal tract. In this Note, we applied method “A” as recently described and used by “Lin CC,
Lractogrgphy Tsai MY, Lo YC, et al. Reproducibility of corticospinal diffusion tensor tractography innormal subjects
M‘;I:;in a:;aa s and hemiparetic stroke patients. Eur ] Radiol 2013;82: e610-6.” We compared the results obtained with
Corticol:;pinal tﬁact method “A” with those obtained using an anatomy-guided method “B” on two healthy adults. We also
Medulla oblangata q.uant.iﬁ.effl the results using tract volume, and cor.responcling fra.ctior.lal anisotropy, mean, and radial
Pons diffusivities. We demonstrate that accurate mapping and quantification of CST requires at least two

regions of interest one at the level of the medulla oblongata, a second at the level of pons, this assures
termination at the motor spine and contamination with cerebellar and sensory pathways.

Dear Editor,

We read with interest a recent study published in this Journal
[1] in which the corticospinal tracts (CST) of healthy controls and
chronic hemiparetic stroke patients was constructed using diffu-
sion tensor tractography (DTT). Lin et al. [ 1] concluded that the fiber
number derived from CST is less accurate than the corresponding
mean diffusivity (MD) and fractional anisotropy (FA) which is con-
sistent with previous reports [2]. They also showed that infarcted
tracts are less reproducible in stroke patients compared to healthy
subjects. There are some important issues related to the CST and its
in vivo DTT that are worth emphasizing in view of this timely study
[1].

First, over one half of the CST fibers originate from the primary
motor cortex and the remainder arises from the premotor, sup-
plementary motor areas and parietal cortices [3]|. The CST then
enters corona radiata merging with other corticofugal pathways
such as corticobulbar, and corticopontine tracts [2-7]. The cor-
ticofugal pathways merge in the “posterior” limb of the internal
capsule and continue into the midbrain cerebral peduncles whose
ventral portion contains white matter called basis pedunculi [3,5].
The middle third of basis pedunculi contains CST and corticobulbar
fibers together (see Fig. 1a). The CST fibers next descend through
ventral pons, where they form scattered fascicles with other cor-
ticofugal pathways [3,5]. The CST fibers merge together on the
ventral surface of the medulla, where corticopontine and corticob-
ulbar pathways have already left the brainstem, to form medullary
pyramids [2-8].

Currently, these fibers are not distinguishable on DTT acquired
using 1-4mm spatial resolution. The spatial resolution of the
middle third of the basis pedunculi from the rest where the
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corticopontine fibers travel down is challenging [4,8]. Lin et al.
[1] defined CST fibers as those passing both pons [9,10] at the
level of superior cerebellar peduncle (Fig. 1b) and the cerebral
peduncle at the level of the optic tracts (Fig. 1c), for which the
region-of-interests (ROI) were chosen (1). The CST is obviously
contaminated with other corticofugal pathways until forming
medullary pyramids. This contamination can be prevented by
seeding ROI in the medullary level (see Fig. 1d-fand i) [4,8,11,12].

Second, the number of fibers reported is misleading as it does
not specify volume of the tracts and it does not help researchers
in reproducing the results. The volume of the tract may also relate
to brain size and hence tract volume along with intracranial vault
volume (ICV) needs to be reported. It is noteworthy to mention
that there are different methods that have been used previously
and when the tract volume is not reported making comparisons
between reports difficult [1,9-12].

Toillustrate and compare different strategies as used by Lin et al.
[1] or recommended previously [2] (see Fig. 1b and c), we acquired
DTIdata on two right handed healthy subjects (one male, 26 years of
age, one female and 28 years of age) and (see Fig. Thand i) compared
the method used by Lin et al. [ 1] to the method with the approach
we described above (see Fig. 1d-f and g) using CST volumes and
corresponding FA, mean and radial diffusivities (see Table 1). Data
were acquired at 3T with voxel size of 1mm x 1mm x 2mm as
described elsewhere [13]. FA and angle threshold were chosen 0.2
and 45° respectively as in previous works [1,2].

Lin et al. reported that fiber number derived from tracking the
CST shows lower precision than MD or FA [1]. We believe the low
reproducibility of fiber numbers might be due to fiber contami-
nation and lack of precise definition of the CST mapping in itself.
In our experience [4,8] and comparison of the two strategies, there


http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejrad.2014.05.022&domain=pdf
dx.doi.org/10.1016/j.ejrad.2014.05.022

Fig. 1. The basis pedunculi and CST and corticobulbar fibers together in the middle third of basis pedunculi (a) ROI seeded in the pons at the level of superior cerebellar
peduncle (b) and the cerebral peduncle at the level of optic tract (c) in the previous paper (1). The medullary level (d), the pons level (e), the cortical level (f) were chosen as
ROIs with the method we described above (g). Fiber tracking of corticospinal tract with previous (h), and with the method we described (i).

Table 1

Quantitative comparison of volume, fractional anisotropy and diffusivities between methods used for CST DTT-based tracing (Method “a” described in Lin et al. [1] and

method “b” is described above.

Left CST Right CST
VOL FA MD RD VOL FA MD RD ICV
Subject 1 26 years (M)
Method a 10.81 0.63 + 0.15 0.74 0.42 9.47 0.63 +0.16 0.73 0.42 1954
Method b 5.23 0.64 + 0.15 0.78 0.423 3.58 0.65 + 0.15 0.74 0.41
Subject 2 28 years (F)
Method a 5.80 0.62 + 0.15 0.72 0.42 5.89 0.62 + 0.15 0.69 0.40 1618
Method b 3.98 0.63 + 0.15 0.72 0.42 3.07 0.63 + 0.15 0.70 0.41

Abbreviations: FA: Fractional Anisotropy; MD: Mean diffusivity (in units of 103 mm?s); RD; Radial diffusivity (x10-> mm?s-1); VOL: volume of CST tract in mL or
cm x cm x cm; ICV: Intracranial vault volume in mL or cm x cm x cm; M: Male; F: Female.

are striking differences in CST volumes that relate to contamination
with other corticofugal pathways.

The virtual construction of white matter pathways using DTT
has become popular in clinical studies to reveal distinct patterns
of injury underlying the central nervous system (CNS) diseases.
On the other hand, the peri-operative use of DTT in the brain
and spine surgeries requires very well established fiber tracking
strategies guided by accurate brain atlases to avoid post-surgical
deficits.

In conclusion, neuroanatomy-guided fiber tracking strategies
are needed to reveal better the pathologies of CNS diseases and
to have better outcomes in the neurosurgical operations per-
formed with the help of non-invasive imaging methods such as
DTL
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