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Apraxia

CASE REPORT

Ideomotor Apraxia Due to Injury of the

Superior Longitudinal Fasciculus
A Case Report

ABSTRACT

Jang SH, Jang WH: Ideomotor apraxia due to injury of the superior longitudinal
fasciculus: a case report. Am J Phys Med Rehabil 2016;00:00-00.

We report on a patient who showed ideomotor apraxia due to injury of the superior
longitudinal fasciculus following brain tumor and tumor bleeding, which was
demonstrated by diffusion tensor tractography (DTT). A 60-yr-old, right-handed
male patient underwent removal of brain meningioma and drainage of intraven-
tricular hemorrhage and intracerebral hemorrhage in the left fronto-parietal lobe. At
the time of DTT scanning (5 wk after onset), he was able to move the right upper
extremity against gravity. The patient exhibited an intact ideational plan for motor
performance. In addition, he was able to use actual objects (scissors, eraser) using
his right wrist and hand. However, he had difficulty in using his right upper extremity
for pantomime of object use, imitating gestures (meaningless or meaningful), and
movement of his right upper extremity proximal. Score on the ideomotor apraxia
test for the right side was 4 (cut-off score < 32). DTTs for the left superior
longitudinal fasciculus to the left premotor cortex and left inferior parietal lobule
showed partial injury, compared with the right superior longitudinal fasciculus.
These injuries appeared to be the reason for ideomotor apraxia in this patient.

Key Words: Diffusion Tensor Imaging, Ideomotor Apraxia, Superior Longitudinal
Fasciculus, Premotor Cortex, Inferior Parietal Lobe

Apraxia is defined as failure to correctly perform skilled, purposeful move-
ment.! In 1920, Liepmann described three types of limb apraxia: ideational
apraxia, ideomotor apraxia (IMA), and limb-kinetic apraxia.' Among three types
of limb apraxia, IMA is defined as a disturbance in selection of movement ele-
ments without a deficit in the conception of movements.* Pathogenetic mecha-
nism of IMA is known to occur when the following area or pathway was injured:
the inferior parietal lobule (IPL) in the dominant hemisphere, premotor cortex
(PMC) in the dominant hemisphere, corpus callosum to the contralateral PMC
from the dominant hemisphere, and the neural connection of the IPL to the PMC
in the dominant hemisphere.’> Among the various neural tracts in the parieto-
frontal lobes, injury of the superior longitudinal fasciculus (SLF) is known to be
responsible for IMA; however, this has not been clearly elucidated.®®
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In the current study, we report on a patient
who showed IMA due to injury of the SLF following
brain tumor and tumor bleeding, which was dem-
onstrated by diffusion tensor tractography (DTT).

CASE REPORT

A 60-yr-old, right-handed male patient underwent
removal of brain meningioma and drainage of intra-
ventricular hemorrhage and intracerebral hemor-
rhage in the left fronto-parietal lobes (Fig. 1A). After
5wk since the onset, he began to undergo rehabili-
tation. Brain MRI showed a leukomalactic lesion
located in the left hemisphere (particularly frontal
and parietal lobe) and centrum semiovale (Fig. 1B).

At the time of DTI scanning (5 wk after onset), the
patient was able to move the right upper extremity
against gravity. Although the patient showed global
aphasia (aphasia quotient [22.4%ile] on Western
Aphasia Battery) and severe cognitive impairment
withascore of 10 on the Mini-Mental State Exam, he
exhibited an intact ideational plan for motor per-
formance and appropriate comprehension skill. In
addition, the patient showed the appropriate re-
sponses to therapist’s humor, and good attention
during evaluation. For example, when a scissors was
provided, paper cutting was possible using only his
right wrist and fingers although the initiation of
movement was delayed. However, the patient had

FIGURE 1 A, Brain CT images at the onset show brain meningioma, infraventricular hemorrhage, and intrace-
rebral hemorrhage in the left fronto-parietal lobes. B, T2-weighted brain MR images at 5 wk after onset
show a leukomalactic lesion in the left fronto-parietal lobes. C, Diffusion tensor tractography (DTT).
The left superior longitudinal fasciculus (red) of the patient shows partial injury in the premotor cortex
(sky blue arrow) and inferior parietal lobule (green arrow), and the splenium of the corpus callosum
(red arrow) reveals discontinuation compared to a normal subject (58-yr old male patient).
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difficulty in using his right upper extremity for
pantomime of object use, imitating gestures (mean-
ingless or meaningful), and movement of his right
upper extremity proximal part.! He was also able to
use actual objects (scissors, eraser) using wrist and
hand. Score on the ideomotor apraxia test for the
right side was 4 (cut-off score < 32).2 On the other
hand, the patient did not show any abnormality in
execution of his left upper extremity. The patient’s
wife provided signed, informed consent and our in-
stitutional review board approved the study protocol.

Diffusion Tensor Imaging

DTI data were acquired one time (5 wk after
onset) using a 6-channel head coil on a 1.5 T Philips
Gyroscan Intera (Philips, Ltd, Best, the Nether-
lands) with single-shot echo-planar imaging. For
each of the 32 non-collinear diffusion sensitizing
gradients, 70 contiguous slices were acquired par-
allel to the anterior commissure-posterior com-
missure line. Imaging parameters were as follows:
acquisition matrix = 96 x 96, reconstructed to
matrix = 192 x 192 matrix, field of view = 240 x
240 mm?, TR = 10,398 ms, TE = 72 ms, parallel
imaging reduction factor (SENSE factor) = 2, EPI
factor = 59 and & = 1000s/mm?, NEX = 1, and a slice
thickness of 2.5 mm.

Fiber tracking was performed using the fiber
assignment continuous tracking (FACT) algorithm
implemented within the DTI task card software
(Philips Extended MR Workspace 2.6.3). Each DTI
replication was intra-registered to the baseline “by”
images to correct for residual eddy-current image
distortions and head motion effect, using a diffusion
registration package (Philips Medical Systems,
Netherlands). The termination criteria used for
fiber tracking were fractional anisotropy (FA)
threshold of >0.15 and a direction threshold of
<27°. Affine multi-scale two-dimensional registra-
tion was used for correction of head motion effect
and image distortion due to eddy current. Fiber
tracking was performed using a probabilistic
tractography method based on a multifiber model,
and applied in the current study utilizing tractography
routines implemented in FMRIB Diffusion (5000
streamline samples, 0.5 mm step lengths, curvature
thresholds = 0.2). For analysis of the SLF, the seed
region of interest (ROI) was placed on the triangular
shape just lateral to the corticospinal tract near the
anterior horn of the lateral ventricle reticular for-
mation of the medulla, and the target ROI was placed
on the triangular shape near the posterior horn of the
lateral ventricle.'>'? Fiber tracts passing through
both ROIs were designated as the final tracts of
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interest. For analysis of the transcallosal fibers, ROI
was placed on the entire corpus callosum on sagittal
fractional anisotropy color maps.'® The termination
criteria used for fiber tracking were fractional an-
isotropy (FA) threshold of >0.15 and a direction
threshold of <27°. The left SLF fibers to the left PMC
and left IPL showed partial injury (Fig. 1C). In addi-
tion, the transcallosal fibers revealed discontinuation
mainly in the splenium of the corpus callosum.

DISCUSSION

Based on the following reasons, it appeared that
this patient had IMA: (1) intact ideational plan for
object use, (2) clinical features of IMA: difficulty in
pantomime of object use, difficulty in imitating
gestures (meaningless or meaningful), actual object
use easier than pantomime or imitation, and delay
in the initiation of movement, and (3) abnormal
score on the ideomotor apraxia test: 4 (cut-off score
< 32).15 Previous studies have reported that the
PMC and IPL are very relevant to IMA.»41% First,
the PMC plays an important role in adapting the
motor planning so that the upper extremity can
perform functional movements, whereas the pri-
mary motor cortex is relevant to simple movements.
Therefore, the problem of PMC function causes
difficulty in production of skillful movement. Sec-
ond, the IPL is relevant to “representational hypo-
thesis” among hypotheses explaining the IMA.! The
“representational hypothesis” is that the nervous
system stores knowledge of the learned and skilled
acts,and whenthisknowledge isrequired to programa
skilled act, these movement representations are re-
trieved from storage rather than new learning. As a
result, the IPL is regarded as the critical area of move-
ment representation (or praxicon). In this patient,
partial injury of the left SLF to the left PMC and IPL was
observed on 5-wk DTT. Therefore, these DTT findings
appeared to be consistent with the clinical features of
the right side IMA. In addition, the injury of the left
PMC also might contribute the right side IMA partly.
However, the injury of the corpus callosum appeared
not to contribute to the right side IMA because the
injury of the corpus callosum is known to cause the
left unilateral IMA and our patient did not show any
symptom of the left side IMA.'®'” Furthermore, the
lesion location for the left unilateral IMA is known to
be located in the trunk of the corpus callosum which
was different with the lesion location (the splenium of
the corpus callosum) of our patient.'®!”

A few studies on the relationship of the SLF and
IMA have been reported.®® In 2012, Hong et al.
demonstrated partial injury of the upper portion of
the left SLF in a patient with IMA following cerebral
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infarct.® In 2013, Manuel et al. investigated the re-
lationship between the region and two error types of
pantomime (configural/spatial and body-part-as-
object) in 150 patients with IMA following stroke
and brain tumor using voxel-based lesion-symptom
mapping.® They found that the “body-part-as-object”
pantomime error type was associated with the SLF. In
2015, Watson and Buxbaum, who studied 31 patients
with left hemisphere stroke using voxel-based lesion-
symptom mapping,”’ found that lesions of the
supramarginal gyrus, inferior frontal gyrus, and SLF
resulted in impairment of use action for conflict tools
(tools used and grasped with different hand action
such as keyboard, syringe, and stapler).

In conclusion, the association of partial injury
of the SLF to the PMC and IPL in the dominant
hemisphere with IMA was demonstrated in a patient
with brain injury. It seems that DTT would be
helpful in demonstrating injury of the SLF in pa-
tients with IMA. However, because it is a case re-
port, this study is limited; therefore, conduct of
additional complementary studies involving larger
case numbers is warranted. In addition, limitation
of DTT should be considered: regions of fiber com-
plexity and crossing may cause underestimation of
reconstruction of a neural tract.'®
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