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Abstract  
The aberrant pyramidal tract is the collateral pathway of the pyramidal tract through the medial 
lemniscus in the brainstem. A 21-year-old man presented with right hemiparesis due to a traumatic 
intracerebral hemorrhage in the left corona radiata. His motor function recovered almost to the 
normal state at 10 months after onset. Through diffusion tensor tractography, the pyramidal tract in 
the affected (left) hemisphere showed discontinuation at the pontine level at 13 months after onset. 
An aberrant pyramidal tract was observed, which originated from the primary motor cortex and the 
supplementary motor area and descended through the corona radiata, then through the posterior 
limb of the internal capsule and the medial lemniscus pathway from the midbrain to the pons, finally 
entered into the pyramidal tract area at the pontomedullary junction. It suggests that the motor 
functions of the right extremities in this patient had recovered by this aberrant pyramidal tract. 
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Research Highlights 
(1) The aberrant pyramidal tract is the collateral pathway of the pyramidal tract through the medial 
lemniscus in the brainstem.  
(2) Through diffusion tensor tractography, an aberrant pyramidal tract was observed in a patient with 
traumatic intracerebral hemorrhage in the left corona radiata using diffusion tensor tractography. 
(3) The main motor functions of the right extremities in this patient appeared to have recovered by 
this aberrant pyramidal tract. 
 

 
INTRODUCTION 
    
Detailed information about motor recovery is 
essential for brain rehabilitation because it 
enables us to determine appropriate and 
scientific rehabilitative strategies. However, 
motor recovery in traumatic brain injury is 
little studied compared to other neurologic 

diseases involving the brain such as 
stroke[1-2]. Only several studies have been 
reported on the mechanism of traumatic 
brain injury recovery[3-7]. 
 
The pyramidal tract is a major neuronal 
pathway for mediation of voluntary 
movements in the human brain[8-11]. The 
aberrant pyramidal tract refers to the  
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of the pyramidal tract through the medial lemniscus in the 
brainstem[12-15]. Recently, a motor recovery mechanism in 
stroke has been suggested, but very little is known about 
traumatic brain injury[16-19]. In the current study, we report 
on a patient with traumatic brain injury, whose motor 
function appeared to have recovered via an aberrant 
pyramidal tract as demonstrated by diffusion tensor 
tractography.    
 
 
CASE REPORT 
 
A 21-year-old right-handed man was admitted by 
Yeungnam University Hospital for evaluation of motor 
function and rehabilitation. The patient presented with 
severe motor paralysis in the right extremity due to the 
traumatic intracerebral hemorrhage in the left corona 
radiate. T2-weighted magnetic resonance images taken 
at 3 months showed encephalomalactic lesions in the left 
anterior to middle corona radiata and basal ganglia 
(Figure 1A). 
 
Clinical evaluation 
The Motricity Index and Medical Research Council 
scale, which were measures of the integrity of the motor 
function, were used to determine motor function at 

onset time, and 3, 6 and 10 months after onset[20]. 
Morticity Index has two different evaluation scores in 
hand and other joints (shoulder, elbow, hip, knee and 
ankle); hand prehension: 0 (non-movement), 33 
(beginning of prehension), 56 (grips cube, without 
gravity), 65 (holds cube, against gravity), 77 (grips 
against pull, but weaker than other side), and 100 
(normal); other joints: 0 (no movement), 28 (palpable 
contraction), 42 (movement without gravity), 56 
(movement against gravity), 74 (movement against 
resistance, but weaker than normal), and 100 (normal). 
In addition, six categories are included in the Medical 
Research Council scale: 0, no contraction; 1, palpable 
contraction, but no visible movement; 2, movement 
without gravity; 3, movement against gravity; 4, 
movement against a resistance lower than the 
resistance overcome by the healthy side; 5, movement 
against a resistance equal to the maximum resistance 
overcome by the healthy side. The patient presented with 
severe weakness of the right upper and lower extremities 
at the onset of traumatic intracerebral hemorrhage. 
However, the motor function of his right extremities had 
recovered to the level that he was able to extend the 
affected fingers against gravity at 6 months (Table 1). Ten 
months after onset, the patient was able to perform fine 
motor activities, as well as walk with a normal gait. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1  T2-weighted brain images and results of diffusion 
tensor tractography for the pyramidal track in a patient with 
traumatic brain injury.  

(A) T2-weighted brain images (3 months after onset) 
showing leukomalactic lesions in the left anterior to middle 
corona radiata and basal ganglia.  

(B) Diffusion tensor tractography (13 months after onset). 
The pyramidal tract of the unaffected (right, yellow color) 
hemisphere originates from the primary sensori-motor 
cortex and descends through the known pyramidal track 
pathway. There was no significant injury of pyramidal track 
in the unaffected hemisphere. However, the left pyramidal 
track was disrupted at the upper pons and an aberrant 
pyramidal track, which descends through the medial 
lemniscus pathway from the midbrain to the pons, and then 
enters into the pyramidal track area at the pontomedullary 
junction.  

(C) Transcranial magnetic stimulation (13 months after 
onset). Motor-evoked potentials were evoked from both 
hemispheres. 

R, Rt: Right; Lt: left; APT: aberrant pyramidal tract; PT: 
pyramidal tract; APB: abductor pollicis brevis.  
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Diffusion tensor tractography 
Diffusion tensor imaging was performed at 13 months 
after onset using a sensitivity encoding head coil on a 
1.5 T Philips Gyroscan Intera (Hoffman-LaRoche, Best, 
Netherlands) with single-shot echo-planar imaging. A 
total of 60 contiguous slices (matrix = 128 × 128, field of 
view = 221 × 221 mm2, repetition time/echo time =    
10 726/76 ms, b = 1 000 mm2/s, number of excitations = 
1, thickness = 2.3 mm) were acquired for each of the  
32 noncollinear diffusion-sensitizing gradients. Eddy 
current image distortions and motion artifacts were 
corrected using affine multi-scale two-dimensional 
registration, which was performed using the FMRIB 
Software Library (FSL, http://www.fmrib.ox.ac.uk/fsl). 
Diffusion tensor imaging-Studio software (CMRM, 
Johns Hopkins Medical Institute, USA) was used for 
evaluation of the pyramidal track[21]. For fiber tracking of 
the pyramidal track, a region of interest was drawn in 
the pyramidal track portion of the pontomedullary 
junction, and target region of interest was placed on the 
lateral half of the midpons. Fiber tracking was 
performed with fractional anisotropy at a threshold > 0.2 
and direction threshold < 60°[22].  
 
The pyramidal tracks of the unaffected (right) 
hemisphere originated from the primary sensori-motor 
cortex and descended through the known pyramidal 
track pathway on diffusion tensor tractography. However, 
the left pyramidal track showed discontinuation at the 
pons. In addition, we observed an aberrant pyramidal 
track in the left hemisphere, which originated from the 
primary motor cortex and the supplementary motor area 
and descended through the corona radiata, the posterior 
limb of the internal capsule and the medial lemniscus 
pathway from the midbrain to the pons, and finally 
entered into the pyramidal track area at the 
pontomedullary junction (Figure 1B).  

Transcranial magnetic stimulation 
Transcranial magnetic stimulation was performed at  
13 months after onset using a Magstim Novametrix  
200 magnetic stimulator with a 9 cm mean diameter 
circular coil (Novametrix Medical Systems Inc., 
Wallingford, CT, USA). Cortical stimulation was 
performed with the coil held tangentially over the vertex. 
The left hemisphere was stimulated by a 
counterclockwise current, whereas the right 
hemisphere was stimulated by a clockwise current. 
Motor-evoked potentials were obtained from both 
abductor pollicis brevis muscles in the relaxed state. 
The excitatory threshold was defined as the minimum 
stimulus required to elicit a motor-evoked potential with 
a peak-to-peak amplitude of 50 µV or greater in 2 out of 
4 attempts. Stimulation intensity was set at the 
excitatory threshold plus 20% of the maximum 
stimulator output. Transcranial magnetic stimulation at 
13 months showed that motor-evoked potentials were 
evoked from both hemispheres (right abductor pollicis 
brevis muscle–latency: 24.0 ms, amplitude: 1 700 µV, 
excitatory threshold: 80%; left abductor pollicis brevis 
muscle–latency: 21.5 ms, amplitude: 4 400 µV, 
excitatory threshold: 50%; Figure 1C). 
 
 
DISCUSSION 
 
A recent diffusion tensor tractography study has 
demonstrated that aberrant pyramidal tract was present 
in 18.4% of the hemispheres of normal subjects[12]. In our 
study, we found an aberrant pyramidal tract in the 
affected hemisphere of a patient with traumatic brain 
injury affected by pyramidal track injury. The main motor 
functions of the right extremities in this patient appeared 
to have recovered by this aberrant pyramidal tract for the 
following reasons. Brain MRI revealed 

Table 1  Changes of the motor function in the included patient 

 Onset 3 months 6 months 10 months 

MRC Shoulder abductor 0  3  4   5 
Elbow flexor 0  3  4   5 
Finger flexor 0  3  4   5 
Finger extensor 0  2  3   5 
Hip flexor 0  4  5   5 
Knee extensor 0  4  5   5 
Ankle dorsiflexor 0  4  4   5 

MI Upper extremity 0 56 71 100 
Lower extremity 0 74 91 100 
Total 0 65 81 100 

MRC: Medical Research Council scale (0–5 scores, the higher scores indicate better motor function); MI: Motricity Index (1–100 scores, a score 
of 100 indicates normal motor function). 
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encephalomalactic lesions in the anterior to middle 
corona radiata, which appeared to include the pyramidal 
track[23-24]. Through 13-month diffusion tensor 
tractography, the affected pyramidal track was 
discontinued at pontine level, even after the FA threshold 
was lowered to 0.1. We observed an aberrant pyramidal 
tract in the left hemisphere, which descended through 
the medial lemniscus pathway from the midbrain to the 
pons, and then entered into the pyramidal track area at 
the pontomedullary junction. The motor-evoked potential 
on the right abductor pollicis brevis that showed mildly 
delayed latency could be additional evidence for the 
aberrant pyramidal tract[4, 25].  
 
Since the introduction of diffusion tensor imaging, a few 
studies have suggested that the aberrant pyramidal tract 
may contribute to motor recovery in stroke[16-19]. In 2009, 
Jang[26] reported a patient whose motor function 
appeared to have recovered via an aberrant pyramidal 
tract following a pontine infarct located in the pyramidal 
track area. In 2010, Lindenberg et al [17] demonstrated 
that patients with alternate motor fibers in the brainstem 
showed better motor outcome among 35 patients with 
middle cerebral artery infarcts. However, they did not 
clarify that the alternate motor fibers were an aberrant 
pyramidal tract. Motor recovery via the aberrant 
pyramidal tract was recently reported in two patients with 
midbrain infarct or corona radiata[18-19]. Therefore, to the 
best of our knowledge, this is the first study to report 
motor recovery via aberrant pyramidal tract in traumatic 
brain injury.   
 
In conclusion, we reported on a patient whose main 
motor function of the affected extremities appeared to 
have recovered by an aberrant pyramidal tract in the 
brainstem. Our findings have important implications for 
elucidating the motor recovery mechanism in traumatic 
brain injury because they may suggest additional motor 
recovery mechanisms. However, limitations of diffusion 
tensor imaging should be considered in the interpretation 
of the results[26-28]. The fiber tracking technique is 
operator-dependent and diffusion tensor imaging may 
underestimate fiber tracts. Regions of fiber complexity 
and crossing can obscure the underlying fiber 
architecture. In addition, this study is limited because it is 
a case report. Therefore, additional complementary 
studies involving larger case numbers are warranted. 
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