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Relationship

between post-traumatic amnesia
and white matter integrity

In traumatic brain injury using
tract-based spatial statistics

Min Jye Cho & Sung Ho Jang™*

This study used tract-based spatial statistics to examine the relationship between post-traumatic
amnesia (PTA) and white matter integrity in patients with a traumatic brain injury (TBI). Forty-seven
patients with TBI in the chronic stage and 47 age- and sex-matched normal control subjects were
recruited to the study. Correlation coefficients were calculated to observe the relationships among
the PTA duration, white matter fractional anisotropy (FA) values, and mini-mental state examination
(MMSE) results in the patient group. Both before and after Benjamini-Hochberg (BH) corrections, FA
values of 46 of the 48 regions of interests of the patient group were lower than those of the control
group. The FA values of column and body of fornix, left crus of fornix, left uncinate fasciculus, right
hippocampus part of cingulum, left medial lemniscus, right superior cerebellar peduncle, left superior
cerebellar peduncle, and left posterior thalamic radiation (after BH correction: the uncinate fasciculus
and right hippocampus part of cingulum) in the patient group were negatively correlated with PTA
duration. PTA duration was related to the injury severity of eight neural structures, each of which is
involved in the cognitive functioning of patients with TBI. Therefore, PTA duration can indicate injury
severity of the above neural structures in TBI patients.

Traumatic brain injury (TBI) is a common neurologic disorder that is associated with disability. Post-traumatic
amnesia (PTA), which is a transitory state from onset to the return of orientation and the resumption of persistent
memory for events, has been used widely as a criterion for classifying injury severity in TBI (mild TBI: 0-1 day
PTA; moderate TBI: > 1 and <7 days PTA; severe TBIL: >7 days PTA)!>. Approximately 70% of patients with TBI
experience PTA and may report the presence of confusion, agitation, and the lack of attention, self-awareness,
and executive function*. PTA has long been considered one of the strongest predictors of global outcome in
severe TBI, and it is used as an instrument for determining the required level of patient supervision, as well as
the timing and planning of discharge*”. In addition, PTA has been demonstrated to have more precise predict-
ability of outcome, in terms of functional independence level, disability severity, and supervision-requiring level,
than the Glasgow Coma Scale and the loss of consciousness in TBI>””. As a result, PTA has been reported to be a
strong predictor of long-term functional outcome, return to employment, and cognitive impairment in TBI>~.
Therefore, elucidation of the neural structures that are related to the presence of PTA in TBI is important in
clinical neuroscience. To date, however, these structures have not been clearly defined.

Diftusion tensor imaging (DTI) is a magnetic resonance imaging (MRI)-based technique that has an excep-
tional assessment advantage due to its ability to identify microstructural white matter abnormalities that are
usually undetectable on conventional brain MRI®"'%. DTI allows the evaluation of white matter tract integrity
through its ability to image water diffusion characteristics''">. Among the various DT1 analytic methods, tract-
based spatial statistics (TBSS) of fractional anisotropy (FA) values is an automated and sensitive technique that
performs accurate voxel-based white matter analysis of multi-subject diffusion imaging data'*. TBSS is a reliable
and appropriate method that provides information on global changes in white matter microstructure'*. However,
there are no TBSS-based reports on the relationship between PTA duration and the white matter integrity in TBI.
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Patient group | Control group

Age (years) 4521+17.68 | 40.60+12.49
Number (n) 47 47
Male:female 22:25 22:25

PTA duration (days) 8.05+19.33
LOC duration (days) 3.77+10.67
GCS score 12.66 +£3.67
MMSE score 25.28+4.63

Table 1. Demographic data for the patient and control groups. PTA post-traumatic amnesia, LOC loss of
consciousness, GCS Glasgow coma scale, MMSE mini-mental state examination; Values are means + standard
deviations.

In the current study, we investigated the relationship between the PTA duration and white matter integrity
in TBI patients by undertaking TBSS.

Methods

Subjects. Forty-seven patients with TBI (22 men, 25 women; mean age 45.21 + 17.68 years; range 20 ~ 79 years)
and 47 age-and sex-matched normal control subjects (22 men, 25 women; mean age 40.60 + 12.49 years; range
22 ~74 years) with no history of neurological/psychiatric disease were recruited to this study. The 47 patients
with TBI were recruited according to the following inclusion criteria: (1) first-ever TBI, (2) age 20-79 years, (3)
DTI scans obtained during the chronic stage (>4 weeks after onset), and (4) no previous history neurologic/
psychiatric disease. Those TBI patients with a continuous PTA state were excluded. Table 1 lists the demographic
and clinical data of the patient and control groups. No significant difference in age or sex distribution was
observed between the patient and control groups (p>0.05). All procedures were performed following relevant
guidelines and regulations. This study was performed retrospectively and conducted in accordance with the
recommendations of the institutional review board of Yeungnam University Hospital. All of the patients and
control subjects provided signed, informed consent and the institutional review board of Yeungnam University
hospital approved the study protocol (ethical approval number: YUMC-2019-06-032).

Cognitive function evaluation. A mini-mental state examination (MMSE) was performed to assess the
subject’s cognitive function. MMSE evaluates orientation, memory, attention, calculation, visuospatial, and lan-
guage abilities'®. The maximum score is 30 points, and a score of 24 or lower indicates that a patient possibly has
cognitive impairment'®. The reliability and validity of the MMSE are well-established'®. The MMSE score was
obtained at the same time of DTI scanning (average of 7.43 +5.47 months after the onset of TBI).

Diffusion tensor imaging. The DTI data were acquired at an average of 7.43+5.47 months after head
trauma onset using a 1.5 T Philips Gyroscan Intera (Hoffman-LaRoche, Best, Netherlands) with 32 non-col-
linear diffusion sensitizing gradients by performing single-shot echo-planar imaging. For each of the 32 non-
collinear diffusion sensitizing gradients, 65 contiguous slices were acquired parallel to the anterior commissure-
posterior commissure line'”. The imaging parameters were as follows: acquisition matrix =96 x 96, reconstructed
to matrix =192 x 192 matrix, field of view=240 mm x 240 mm, TR=10,398 ms, TE=72 ms, parallel imaging
reduction factor (SENSE factor) =2, EPI factor =59 and b=1000 s/mm? NEX =1, slice gap=0, and slice thick-
ness=2.5 mm"”. Eddy current correction was performed to correct image distortion and head motion effects by
using a diffusion registration package (Philips Medical Systems). Analysis of diffusion-weighted imaging data
was performed by using tools within the Oxford Centre for Functional Magnetic Resonance Imaging of the
Brain Software Library (www.fmrib.ox.ac.uk/fsl).

Tract-based spatial statistics. Functional MRI assessment tools included in the FMRIB Software Library
(FSL) were used to perform the data analyses. A previously described method was used to generate the fractional
anisotropy (FA) maps'. Voxel-wise statistical analysis of the FA data was performed using TBSS, as imple-
mented in FSL'®. A nonlinear registration algorithm (www.doc.ic.ac.uk/~dr/software) was used to align the FA
data for all subjects, obtained via FSL tools, to a template of average FA images (FMRIB-58) in Montreal Neuro-
logical Institute space. A mean FA image was produced and thinned to generate a mean FA skeleton represent-
ing the centers of all tracts common to the group members. A threshold was applied to a binarized mean FA
skeleton at FA values > 0.2 before the resulting data were fed into the voxel-wise statistical analysis. The aligned
FA data for each subject were then projected onto the mean skeleton, and voxel-wise cross-subject statistics
were obtained to assess the differences between each group’s FA values. The results were corrected for multiple
comparisons by controlling for the family-wise error rate after performing threshold-free cluster enhancement.
For further exploration of the data, the voxels identified by TBSS as showing substantial differences in each tract
were selected, and the mean FA values for each subject were calculated. To summarize the FA data in a conven-
tional neuroanatomical context and to identify relevant white matter tracts, mean FA values were calculated
across the skeleton and within 48 regions of interest (ROIs), which were based on the intersections between the
skeleton and the probabilistic Johns Hopkins University white matter atlases.
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Statistical analysis. Statistical analysis was performed using SPSS 21.0 for Windows (SPSS, Chicago, IL,
USA). Multiple comparisons were corrected by the Benjamini-Hochberg (BH) procedure to control the false
discovery rate, which represents the proportion of significant outcomes that are likely to be false positives'®. To
confirm the presence of white matter damage in the patient group, a multivariate analysis of variance (MANOVA)
was performed to determine differences between the patient and control groups’ FA values using Pillai’s trace
that indicates a positive-valued statistic for contribution to the model®. The correlations between PTA duration
and patient’s FA value, as well as between MMSE score and FA value, were evaluated by undertaking Pearson’s
correlation analysis; p <0.05 and false discovery rate cut off <0.1 were considered statistically significant.

Results

Table 2 presents a comparison of the FA values of the patient and control groups. The FA values of 46 ROIs among
the 48 ROIs showed significant differences between the patient and control groups (Pillai’s trace =0.712, p <0.05)
(Fig. 1A). The BH correction revealed that the FA values of 46 ROIs among the 48 ROIs of the patient group
were significantly different with those of the control group (BH p <0.05). Table 3 lists the correlations between
PTA duration and FA values and between MMSE score and FA values of the patients for the 48 ROIs. The FA
values of eight of the 48 ROIs (column and body of fornix; r=— 0.345, left crus of fornix; r=— 0.315, left uncinate
fasciculus; r=— 0.387, right hippocampus part of cingulum; r=— 0.429, left medial lemniscus; r=—0.311, right
superior cerebellar peduncle; r=— 0.290, left superior cerebellar peduncle; r=— 0.314, left posterior thalamic
radiation (include optic radiation); r=— 0.323) in the patient group showed significant negative correlations
to PTA duration (p <0.05). There were no significant correlations between PTA duration and FA value in the
remaining 40 ROIs of the patient group (p>0.05) (Fig. 1B). The BH correction revealed that the FA values of
two of the 48 ROIs (left uncinate fasciculus; r=— 0.387, right hippocampus part of cingulum; = — 0.429) in the
patient group showed significant negative correlations to PTA duration (BH p <0.05). The FA values of nine of the
48 ROIs (body of corpus callosum; r=0.312, splenium of corpus callosum; r =0.296, column and body of fornix;
r=0.313, left crus of fornix; r =0.304, left uncinate fasciculus; r = 0.300, right cingulate gyrus part of cingulum;
r=0.320, right hippocampus part of cingulum; r=0.450, left posterior limb of internal capsule; r=0.314, left
tapetum; r = 0.326) in the patient group showed significant positive correlations to MMSE score without signifi-
cant correlations in the remaining 39 ROIs of the patient group (p <0.05). The BH correction revealed that the
FA value of one of the 48 ROIs (right hippocampus part of cingulum; r=0.450) in the patient group showed a
significant positive correlation to MMSE score (BH p <0.05). There was a significant negative correlation between
PTA duration and MMSE score in the patient group (r=— 0.612; p <0.05; BH p <0.05).

Discussion

This study examined the relationship between PTA duration and white matter integrity in TBI patients by using
TBSS-based analysis. The results are summarized as follows. First, both before and after the BH corrections, the
FA values of 46 ROIs, among the 48 ROIs assessed, were lower in the patient group than in the control group.
Second, the PTA duration was negatively correlated with the FA values of the column, body and left crus of
fornix, left uncinate fasciculus, right hippocampus part of cingulum, right superior cerebellar peduncle, left
superior cerebellar peduncle, left posterior thalamic radiation (include optic radiation), and left medial lemnis-
cus regions. After the BH correction, the PTA duration was negatively correlated with the FA values of the left
uncinate fasciculus and right hippocampus part of cingulum regions. Third, in the patient group, the MMSE
score was positively correlated with the FA values of the body and splenium of corpus callosum, column, body
and left crus of fornix, left uncinate fasciculus, right cingulate part and right hippocampus part of cingulum,
left posterior limb of internal capsule, and left tapetum regions. After the BH correction, the MMSE score was
positively correlated with the FA value of the right hippocampus part of cingulum region. Fourth, both before
and after the BH corrections, PTA duration was negatively correlated with MMSE score in the patient group.

The FA value represents the degree of directionality of water diffusion and indicates the integrity of white
matter microstructures, such as axons, myelin, and microtubules?'. Thus, a decrease in the FA value of a neu-
ral structure represents a decrease in the neural structure’s microstructural integrity'!~'>. Therefore, the study
results showing lower FA values in 46 of the 48 ROIs assessed in the patient group both before and after the BH
corrections indicate there is lower microstructural integrity in these neural structures, suggesting the presence
of neural injury.

Regarding the correlation between the PTA duration and FA values in the patient group, the FA values of
eight white matter neural structures that are related to cognitive function were negatively correlated with PTA
duration®*~*. The fornix is involved in episodic memory recall, and the uncinate fasciculus functions are related
to learning and memory®*-*. The cingulum has been reported to be an important neural structure for episodic
memory and executive control®, and the superior cerebellar peduncle is involved in the social cognitive neural
network, acting as a major pathway for cerebro-cerebellar connections. In contrast, the posterior thalamic radia-
tion, including the optic radiation, is involved in visuomotor task performance?>?. Regarding the medial lemnis-
cus, lesions at the thalamus and prefrontal levels can cause executive dysfunction because this area is involved in
a pathway that reaches the prefrontal cortex via the thalamus*>?**. The PTA-FA correlation results suggest that
PTA duration in TBI is closely related to the injury severity of the above eight neural structures that are involved
in cognitive function. In addition, the results showing positive correlations between MMSE score and FA values of
the fornix, uncinate fasciculus, and cingulum in the patient group indicate relationships between cognitive ability
and FA values in those neural structures. The revelation of a significant correlation between PTA duration and
MMSE score in the patient group both before and after the BH corrections further indicates that PTA duration is
associated with cognitive function, and that correlation is consistent with the correlation between PTA duration
and FA value of the neural structures involved in cognitive function. Furthermore, after the BH correction, the
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Patient group | Control group | F p-value | BH p-value

Genu of corpus callosum 0.49+0.03 0.53+0.02 43.73 | 0.000* 0.002**
Body of corpus callosum 0.52+0.05 0.57+0.03 31.44 |0.000* | 0.002%*
Splenium of corpus callosum 0.64+0.04 0.67+0.02 29.38 | 0.000% | 0.002**
Fornix (column and body) 0.32+0.08 0.38+0.07 15.97 | 0.000* 0.002**
Rt. fornix (crus) 0.40+0.04 0.43+0.03 13.97 | 0.000* 0.002%*
Lt. fornix (crus) 0.43+0.04 0.47£0.03 19.89 | 0.000* 0.002**
Rt. uncinate fasciculus 0.41+0.03 0.44+0.03 19.80 | 0.000* 0.002**
Lt. uncinate fasciculus 0.40+0.04 0.42+0.03 20.60 | 0.000* 0.002**
Rt. superior longitudinal fasciculus 0.40+0.02 0.42+0.02 16.35 | 0.000% | 0.002**
Lt. superior longitudinal fasciculus 0.40+0.02 0.43+0.02 27.01 |0.000* |0.002%*
Rt. superior fronto-occipital fasciculus 0.39+0.05 0.43+0.04 23.38 | 0.000* 0.002**
Lt. superior fronto-occipital fasciculus 0.37+0.05 0.42+0.04 26.02 | 0.000* 0.002**
Rt. cingulum (hippocampus) 0.33+0.03 0.36+0.03 16.23 | 0.000% | 0.002**
Lt. cingulum (hippocampus) 0.34+0.03 0.36+0.03 10.37 | 0.002* | 0.006**
Rt. cingulum (cingulate gyrus) 0.41+0.03 0.44+0.03 21.34 | 0.000* | 0.002**
Lt. cingulum (cingulate gyrus) 0.44+0.03 0.47+0.02 23.50 |0.000% | 0.002%*
Rt. anterior limb of internal capsule 0.47+0.03 0.49+0.02 34.59 |0.000* | 0.002**
Lt. anterior limb of internal capsule 0.46+0.03 0.49+0.02 40.96 | 0.000* 0.002**
Rt. posterior limb of internal capsule 0.56+0.03 0.59+0.02 20.35 | 0.000* 0.002**
Lt. posterior limb of internal capsule 0.57+0.03 0.60+0.02 32.32 | 0.000* | 0.002%*
Rt. retrolenticular part of internal capsule 0.49+0.03 0.51+0.03 9.59 | 0.003* | 0.008**
Lt. retrolenticular part of internal capsule 0.50+0.03 0.52+0.02 12.31 | 0.001* 0.004**
Rt. external capsule 0.34+0.02 0.36+0.02 24.23 | 0.000* 0.002**
Lt. external capsule 0.35+0.02 0.38+0.02 28.77 | 0.000* | 0.002%*
Rt. Inferior cerebellar peduncle 0.41+0.02 0.42+0.03 3.86 |0.053 0.015

Lt. Inferior cerebellar peduncle 0.40+0.03 0.41+0.03 3.82 | 0.054 0.017

Rt. superior cerebellar peduncle 0.48+£0.04 0.52+0.02 25.52 | 0.000* | 0.002%*
Lt. superior cerebellar peduncle 0.46 £0.04 0.50+0.02 28.56 | 0.000* | 0.002%*
Middle cerebellar peduncle 0.43+0.02 0.46+0.02 59.95 | 0.000* 0.002**
Rt. posterior thalamic radiation (include optic radiation) | 0.50+0.04 0.53+0.03 12.25 |0.001* | 0.004**
Lt. posterior thalamic radiation (include optic radiation) 0.50+0.04 0.53+0.03 13.65 | 0.000* 0.002**
Rt. medial lemniscus 0.53+0.03 0.55+0.03 7.28 |0.008* |0.010**
Lt. medial lemniscus 0.53+0.03 0.55+0.03 7.12 | 0.009* 0.013**
Rt. tapetum 0.33+£0.04 0.47+0.03 18.61 | 0.000* 0.002**
Lt. tapetum 0.26+0.02 0.28+0.02 20.47 | 0.000* 0.002**
Pontine crossing tract 0.41+0.03 0.43+0.02 20.06 | 0.000* 0.002**
Rt. corticospinal tract 0.46+0.03 0.51£0.03 44.50 | 0.000* 0.002**
Lt. corticospinal tract 0.48+0.05 0.53+0.03 34.00 | 0.000* 0.002**
Rt. cerebral peduncle 0.58+0.03 0.61+0.03 33.58 | 0.000* 0.002**
Lt. cerebral peduncle 0.58+0.04 0.62+0.02 31.18 |0.000* | 0.002%*
Rt. anterior corona radiata 0.37+0.03 0.40+0.03 17.90 | 0.000* 0.002**
Lt. anterior corona radiata 0.37+0.04 0.41+0.03 25.98 | 0.000* 0.002**
Rt. superior corona radiata 0.41+0.03 0.43+0.03 18.96 | 0.000* 0.002**
Lt. superior corona radiata 0.41+0.03 0.44£0.02 20.29 | 0.000* 0.002**
Rt. posterior corona radiata 0.41+0.03 0.44+0.02 27.15 |0.000* 0.002**
Lt. posterior corona radiata 0.40+0.03 0.43+0.02 28.93 | 0.000* 0.002**
Rt. sagittal stratum 0.45+0.03 0.48£0.02 17.31 | 0.000* 0.002**
Lt. sagittal stratum 0.43+0.03 0.45+0.02 15.43 | 0.000* 0.002**

Table 2. Comparison of the fractional anisotropy values of brain regions between the patient and control
groups. *Significant differences between the patient and control groups; patient group < control group, p < 0.05.
**Significant differences between the patient and control groups using a Benjamini-Hochberg (BH) correction;
Values are means + standard deviations.
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Figure 1. Results of tract-based spatial statistics analyses comparing the fraction anisotropy (FA) values of

the patients and control groups and the correlation between post-traumatic amnesia (PTA) duration and FA
values of patients. FA values were obtained for 48 regions of interest (ROIs) using a standard template of the
John Hopkins University diffusion tensor imaging-based white matter atlases within the Functional Magnetic
Resonance Imaging of the Brain Software Library (FSL version 5.1; www.fmrib.ox.ac.uk/fsl). (a) The blue voxels
indicate areas with higher mean FA values in the control group than in the patient group. (b) Among the 48
ROIs, the FA values of eight ROIs (column and body of fornix, left crus of fornix, left uncinate fasciculus, right
hippocampus part of cingulum, left medial lemniscus, right superior cerebellar peduncle, left superior cerebellar
peduncle, left posterior thalamic radiation including optic radiation) in the patient group were negatively
correlated with PTA.

results that the uncinate fasciculus and hippocampus part of cingulum were negatively correlated with PTA dura-
tion, and the hippocampus part of cingulum was positively correlated with MMSE score, demonstrated that the
uncinate fasciculus and hippocampus part of cingulum were more closely related to PTA duration and cognitive
ability. However, the white matter neural structures that did not negatively correlated with PTA duration after
the BH correction appeared to be lack of the sensitivity necessary to detect relationship with PTA duration?.

Many studies have described relationships between PTA duration and neuropsychological outcomes in
TBI***1. These studies have focused on the association between PTA duration and cognitive outcomes, such as
verbal, intelligence, learning and memory, speed of information processing, and perceptual or constructional
skills. On the other hand, many DTI studies have reported a relationship between cognitive performance and
white matter integrity in patients with TBI by examining TBSS results**~*. These studies have reported relation-
ships between white matter integrity and various cognitive functions, such as memory, associative learning,
execution, and social function. However, the present study is the first to demonstrate a relationship between
PTA duration and subsequent white matter integrity in patients with TBI. Nevertheless, some limitations of this
study should be considered. First, various evaluation methods can assess cognitive ability, but this study, because
it was retrospectively conducted, only used the MMSE to indicate cognitive function. Second, although DTI
data were obtained during the chronic stage, duration from onset to DTI scanning was heterogeneous. Further
prospective studies using detailed neuropsychological testing and considering more homogeneous duration
from onset to DT scanning should be encouraged. Third, the TBSS approach reduces white matter tracts to a
skeleton framework, thereby delineating the center of the tract and projecting onto that center only the high-
est value FA along that projection, resulting in a loss of information and the potential presence of artifacts**.
Fourth, TBSS-based methods calculate statistics only for skeleton voxels, resulting in few statistical comparisons
in less-relevant voxels. Therefore, the effects of family-wise error correction are reduced™.

In conclusion, this study examined the relationship between PTA duration and white matter integrity in TBI
patients by undertaking TBSS-based analysis. In patients with TBI, PTA duration was related to injury sever-
ity in eight neural structures (especially, the uncinate fasciculus and hippocampus part of cingulum) involved
in cognitive function. The results suggest that PTA duration can indicate injury severity of the above neural
structures in TBI patients.
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PTA-FA MMSE-FA
r-value | p-value | BH p-value | r-value | p-value | BH p-value
Genu of corpus callosum -0.183 ]0.219 0.108 0.282 0.055 0.032
Body of corpus callosum -0.230 |0.119 0.078 0.312 0.033* ] 0.022
Splenium of corpus callosum -0232 ]0.117 0.076 0.296 0.043* | 0.028
Fornix (column and body) -0.345 | 0.018* 0.010 0.313 0.032* 0.020
Rt. fornix (crus) -0.259 |0.078 0.048 0.253 0.086 0.054
Lt. fornix (crus) -0.315 |0.031* 0.018 0.304 0.038* 0.024
Rt. uncinate fasciculus -0.265 |0.072 0.042 0.241 0.102 0.062
Lt. uncinate fasciculus -.0.387 | 0.007* 0.008** 0.300 0.040* 0.026
Rt. superior longitudinal fasciculus -0.051 |0.731 0.178 0.180 0.227 0.114
Lt. superior longitudinal fasciculus -0.057 |0.702 0.166 0.094 0.531 0.158
Rt. superior fronto-occipital fasciculus -0.157 ]0.292 0.130 0.147 0.325 0.134
Lt. superior fronto-occipital fasciculus -0.141 ]0.343 0.140 0.054 0.720 0.170
Rt. cingulum (hippocampus) —-0.429 ]0.003* | 0.006%* 0.450 0.002* | 0.004**
Lt. cingulum (hippocampus) -0.172 | 0.249 0.154 0.131 0.382 0.088
Rt. Cingulum (cingulate gyrus) -0.138 |0.357 0.122 0.320 0.028% | 0.148
Lt. cingulum (cingulate gyrus) -0.175 |0.240 0.144 0.239 0.105 0.016
Rt. anterior limb of internal capsule —-0.141 |0.344 0.118 0.085 0.571 0.068
Lt. anterior limb of internal capsule -0.174 |0.242 0.142 0.144 0.334 0.160
Rt. posterior limb of internal capsule -0.224 |0.129 0.120 0.241 0.103 0.138
Lt. posterior limb of internal capsule -0.274 |0.062 0.082 0.314 0.032* | 0.064
Rt. retrolenticular part of internal capsule 0.053 0.725 0.128 0.055 0.715 0.058
Lt. retrolenticular part of internal capsule -0.131 |0.379 0.098 0.180 0.226 0.092
Rt. external capsule -0.187 |0.208 0.034 0.221 0.135 0.020
Lt. external capsule -0.197 |0.186 0.172 0.186 0.210 0.168
Rt. Inferior cerebellar peduncle —-0.080 |0.592 0.174 0.207 0.162 0.176
Lt. Inferior cerebellar peduncle -0.149 |0.318 0.050 0.238 0.107 0.100
Rt. superior cerebellar peduncle —-0.290 |0.048* |0.146 0.209 0.158 0.112
Lt. superior cerebellar peduncle -0.314 | 0.032* 0.104 0.181 0.224 0.084
Middle cerebellar peduncle -0231 |0.119 0.102 0.227 0.125 0.106
Rt. Posterior thalamic radiation (include optic radiation) -0.251 |0.089 0.048 0.144 0.333 0.046
Lt. posterior thalamic radiation (include optic radiation) -0.323 |0.027* 0.162 0.233 0.115 0.094
Rt. medial lemniscus -0.269 |0.068 0.082 0.247 0.095 0.096
Lt. medial lemniscus -0.311 ]0.033* 0.086 0.271 0.065 0.116
Rt. tapetum -0.262 |0.075 0.132 0.235 0.111 0.070
Lt. tapetum —0.165 |0.268 0.030 0.326 0.026* 0.090
Pontine crossing tract -0.095 |0.526 0.020 0.074 0.620 0.110
Rt. corticospinal tract -0.109 |0.468 0.078 0.108 0.472 0.080
Lt. corticospinal tract -0.167 |0.262 0.056 -0.001 |0.993 0.136
Rt. cerebral peduncle —-0.256 | 0.082 0.014 0.266 0.071 0.074
Lt. cerebral peduncle -0.253 | 0.086 0.038 0.240 0.104 0.060
Rt. Anterior corona radiata -0.199 ]0.180 0.022 0.209 0.159 0.036
Lt. anterior corona radiata -0.259 |0.078 0.044 0.262 0.076 0.072
Rt. superior corona radiata -0.097 |0.517 0.126 0.211 0.154 0.012
Lt. superior corona radiata -0.160 |0.282 0.156 0.248 0.093 0.164
Rt. posterior corona radiata -0.225 |0.129 0.150 0.206 0.165 0.152
Lt. posterior corona radiata -0219 |0.139 0.124 0.176 0.237 0.180
Rt. sagittal stratum -0.052 |0.728 0.052 0.052 0.730 0.040
Lt. sagittal stratum -0.258 |0.079 0.054 0.198 0.183 0.066

Table 3. Correlation between the post-traumatic amnesia duration and fractional anisotropy values and
between mini-mental state examination score and fractional anisotropy values of the patient group. PTA post-
traumatic amnesia, MMSE mini-mental state examination, FA fractional anisotropy. *Significant correlation
between the post-traumatic amnesia duration and fractional anisotropy values, and the mini-mental state
examination and fractional anisotropy values, p <0.05. **Significant correlation between the post-traumatic
amnesia duration and fractional anisotropy values, and the mini-mental state examination and fractional
anisotropy values using a Benjamini-Hochberg (BH) correction; Values are means + standard deviations.
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