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Introduction :
Moebius syndrome (MBS) is a rare birth defect condition characterized by paralysis or weakness
of facial muscles and impairment of ocular abduction. Although these features are the minimum
criteria for diagnosis [1,2,3], reported morphological abnormalities in brain imaging studies of
MBS patients have varied. MBS can be differentiated from hereditary congenital facial paresis
(HCFP), where extraocular movements are normal. We performed a brain imaging study of MBS
and HCFP patients and controls to investigate morphological differences between these groups.
We used a newly developed tensor based morphometry (TBM) approach in which deformation
fields are extracted from diffusion tensor imaging data [4] rather than T1-weighted (T1W)
images as typically done [5]. This approach, which we call D-TBM for diffusion driven TBM,
enables a better identification of morphological changes of individual white mater pathways
compared to T1W driven TBM [6].
Methods:
Patients diagnosed with MBS (n=9, 8 females, 1 male, mean age=40 years, range 21-64) and
HCFP (n=5, 2 females, 3 males, mean=37 years, range 12-57) along with 15 controls (10
females, 5 males, mean age= 34 years, range 14-55) were included in this study. Five of the
MBS patients had limb malformations in addition to facial palsy and impairment of ocular
abduction. All participants were scanned on a Philips 3T system with 8-channel head coil. The
DTI data were acquired with a single-shot spin-echo echo-planar imaging sequence (TR: 10.5 s,
TE: 85 ms, slices=90, voxel size=2x2x2 mm). Acquisition consisted of seven low b-values (b=0
and 50 s/mm2), and 39 volumes with maximum b-value of 1100 s/mm2. The sequence was
repeated four times with phase encoding directions AP, PA, LR, RL. Fat suppressed T2
weighted images were also acquired at 1 x 1 x 2 mm. DWIs were corrected for motion, eddy-

currents, and geometrical distortions [6], subsequently the diffusion tensor (DT) was computed
using the nonlinear tensor estimation using TORTOISE package7.
For TBM analysis, the images of all subjects in the study needed to be aligned together. Control
subjects’ DTs were used to create a study-specific control template using DR-TAMAS
diffeomorphic tensor-based registration method [9]. Subsequently, all subjects’ DTs were
registered to the control template. Log of determinant of the Jacobian of transformations that
map each individual to the control template was then calculated (LogJ maps). To assess LogJ
differences between patients and controls we used the FSL randomise software with thresholdfree cluster enhancement [10] corrected for multiple comparisons using a family-wise error rate
of p < 0.05.
Results:
We present the results of voxelwise statistical analysis of LogJ maps in Figure 1. One area of
particular interest in comparison of the MBS patients to the control group is the brainstem. The
statistical results of D-TBM revealed volumetric reduction in the brainstem (posterior pons),
indicating atrophy or hypoplasia of the brainstem at this level. The pontine tegmentum contains
the nuclei of cranial nerves VI, VII, and the medial longitudinal fasciculus. Similar abnormalities
were also observed for the subset of MBS patients with limb defects. However, HCFP did not
show hypoplasia in this region. There was no additional significant volume increase or decrease
throughout the brain besides the brainstem.
Conclusions:
Our D-TBM analysis reveals that there is a significant decrease in volume of the pontine
tegmentum region of the brainstem in MBS, irrespective of extracranial manifestations.
Interestingly, HCFP patients did not show any significant volume decrease compared to the
control group. This provides supporting evidence that hypoplasia of brainstem at this level may
serve as a biomarker of MBS, and that MBS and HCFP are two distinct clinical entities.
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Figure 1. Areas of significant volumetric reduction in patients compared to controls
superimposed on FA map of the control template. Top: corresponding directionally encoded
color (DEC) map.

