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PURPOSE: To assess the prevalence of MR evidence for diffuse axonal injury at 1.5 Tin patients 

with normal head CT findings after mild head injury. METHODS: Twenty consecutive patients with 

mild head injury (Glasgow Coma Scale, 13 to 15; no subsequent deterioration, loss of conscious

ness < 20 minutes) and normal head CT findings were examined with MR at 1.5 T . Pulse sequences 

included a conventional T2-weighted spin-echo sequence (2500-3000/ 30,80/1 [repetition time/ 

echo time/excitations]) and a T2*-weighted gradient-echo sequence (750/ 40/ 2 , 10° flip angle). 

Each sequence was read independently by two blinded readers. RESULTS: The readers agreed 

that abnormalities compatible with diffuse axonal injury were present in the white m atter of 6 (30%) 

of 20 patients (95% confidence interval, 12% to 54%) . Both readers agreed that foci of high signal 

intensity were present on the T2-weighted spin-echo sequence in 3 ( 15%) of the 20 cases (95% 

confidence interval , 3% to 38%) and that foci of hypointensity compatible with hemorrhagic shear 

injury were present on the T2* -weighted sequence in 4 (20%) of the 20 patients (95% confidence 

interval , 6% to 44%). Both types of abnormality were noted by the readers in one patient. 

CONCLUSIONS: MR shows evidence of diffuse axonal injury in some patients with norm al head CT 

findings after mild head injury. These lesions may represent the patholog ic substrate underlying the 

postconcussion syndrome that occurs in many patients with moderate to severe head injury. 
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Head trauma is a major public health problem 
in the United States. The yearly incidence of 
closed head injury in the United States has been 
estimated at 130 to 150 per 1 00 000 persons 
( 1, 2). As many as 75% of head-injured patients 
are classified as having "mild head injury," that 
is , brief loss of consciousness and good neuro
logic status without subsequent deterioration. 
Mild head injury is not without morbidity , how
ever: one third to one half of patients develop a 
postconcussion syndrome. This syndrome is 
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characterized by subjective complaints includ
ing difficulty concentrating, memory problems, 
headache, or disequilibrium, and is associated 
with deficits in information processing on neu
ropsychological testing (3-6) . 

Diffuse axonal injury , also known as white 
matter shearing injury , has been demonstrated 
neuropathologically in patients with moderate 
to severe head injury and is widely believed to 
account for the decreased consciousness and 
cognitive deficits that are frequent sequelae in 
these patients in the absence of space-occupy
ing lesions (7-22) . Previous studies of com
puted tomography (CT) and magnetic reso
nance (MR) imaging of the brain after moderate 
to severe head injury have commonly shown 
parenchymal abnormalities compatible with dif
fuse axonal injury, namely, small focal white 
matter hemorrhages on CT (23-26) and high
intensity white matter foci on long-repetition-
time MR images (27-31). At 1.5 T, hypointense 
foci in white matter on long-repetition-time/ 
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echo-time spin-echo or gradient-echo images 
presumably representing foci of hemorrhagic 
diffuse axonal injury have been reported 
(32, 33). 

The prevalence of MR abnormalities in mildly 
head-injured patients is unclear from the litera
ture. Although prior studies of MR in head 
trauma have included mildly head-injured pa
tients (34-37), the frequency of MR abnormal
ities, if they are found at all, is difficult to deter
mine from these nonhomogeneous groups of 
patients. Also, almost all prior studies of head
injured patients have been performed at low or 
intermediate field strength, not at 1.5 T, and did 
not include gradient-echo imaging. The im
proved sensitivity of high-field MR systems for 
the susceptibility effects found in acute and 
chronic hemorrhage over low and intermediate 
field systems has been well documented (38, 
39) . At 1.5 T the improved sensitivity of gradi
ent-echo imaging over spin-echo imaging for 
susceptibility effects has also been demon
strated ( 33). 

We prospectively evaluated patients with 
mild head injury and normal head CT findings to 
determine the frequency of abnormalities on MR 
at 1.5 T in these patients. Conventional spin
echo and T2* -weighted gradient-echo images 
were compared to determine which technique 
was more sensitive. 

Subjects and Methods 

Twenty subjects were prospectively evaluated after ad
mission for closed head injury to the neurosurgical or 
trauma services at our medical center; the subjects met 
the following criteria for mild head injury: (a) brief loss of 
consciousness less than 20 minutes; (b) initial Glasgow 
Coma Score of 13 to 15 without subsequent deterioration 
(40) ; (c) age less than or equal to 50 years ; and (d) head 
CT findings interpreted by a neuroradiologist as normal. 
The mean age of the 20 study patients was 30.6 years 
(range 17 to 50 years) . None had a history of diabetes , 
hypertension , or other chronic medical problems. Ten pa
tients were injured in motor vehicle accidents, nine by 
assaults , and one in a fall . 

Head CT was performed using a third generation CT 
system. MR was performed using a 1.5 T system. The CT 
examinations were performed promptly after patients pre
sented to the emergency room, usually within 4 hours of 
injury . The MR studies were performed within 24 hours of 
injury in 10 patients, within 48 hours in 3 , within 72 hours 
in 1, and within 96 hours in 3 . The other patients under
went MR imaging at 5, 6, and 25 days after injury. Pulse 
sequences included a short-repetition-time/ echo-time 
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sagittal localizer (500/ 16/1 [repetition time/echo time/ 
excitations]) , an axial long-repetition-time/ echo-time 
spin-echo sequence (2500-3000/ 30,80/ 1 ), and an axial 
gradient-echo acquisition (750/ 40/ 2, 10° flip angle). The 
gradient-echo sequence used has previously been shown 
to be more sensitive than spin-echo imaging in detecting 
hemorrhagic lesions because it is more sensitive to sus
ceptibility effects of blood products (33) . 

Two blinded neuroradiologists independently evalu
ated the MR images and were asked to note all foci of 
abnormal signal intensity in the brain. Spin-echo and 
gradient-echo images were presented separately to each 
reader in random order. The readers recorded the signal 
intensity, size, and location (cortical, gray matter-white 
matter junction, deep white matter, corpus callosum , 
deep gray matter, brain stem, cerebellum) of each lesion 
identified. 

Confidence intervals were calculated using the exact 
binomial method ( 41) (cases in which the readers dis
agreed regarding the presence or absence of abnormality 
were considered normal) . lnterobserver variation was as
sessed with K , in which the degree of agreement was de
fined by the scale of Landis and Koch (42) : less than 0 , 
poor; 0 to 0.20, slight; 0.21 to 0.40, fair; 0.41 to 0.60, 
moderate; 0.61 to 0.80 substantial ; and 0.81 to 1.0, al
most perfect. 

Results 

On T2-weighted spin-echo MR images in 
patients with normal head CT scans after mild 
head injury, both readers agreed that foci of 
high signal intensity were present in the white 
matter in 3 (15%) of 20 patients (95% confi
dence interval, 3% to 38%). One of these 
cases is illustrated in Figure 1. Although high
signal-intensity foci are nonspecific, they 
could be foci of shear injury in these young 
patients. The readers also agreed that a sepa
rate 2-mm hypointense focus was present in 
one of these three patients, compatible with a 
small site of hemorrhage. One of the two 
readers identified a 2-mm hypointense focus 
in another patient. All three cases concordant 
for high signal intensity occurred in patients 
who lost consciousness after assaults. The 
number, size, and location of high-intensity le
sions in the concordant cases are summarized 
in Table 1. All lesions were located either at 
the gray matter-white matter junction or in the 
deep white matter. None were located in the 
corpus callosum or brain stem. Both readers 
interpreted the white matter as normal in 13 
patients, but they disagreed regarding the 
presence of foci of increased signal intensity 
in 4 patients. The K for interobserver agree-
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ment regarding the presence of white matter 
high-signal-intensity foci on this pulse se
quence was 0.57, indicating moderate interob
server agreement: 

On gradient-echo T2* -weighted MR images, 
both readers agreed that foci of hypointensity 
were present in white matter of 4 ( 20%) of the 
20 patients (95% confidence interval , 6% to 
44%). Almost all of these foci were located 
immediately below the cortex and presumably 
represented small foci of hemorrhagic shear 
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Fig 1. A, There is no ev idence of abnor
mality on head CT of a 20-year-old woman 

after mild head injury caused by an assault. 
B, T2-weighted spin-echo MR images 

obtained within 24 hours of injury in the 
same patient at the same level demonstrate 
foci of high signal intensity in the wh ite mat
ter compatible w ith nonhemorrhagic diffuse 

axonal injury. 

InJury. Figure 2 illustrates one of these cases 
at a level in which spin-echo imaging was nor
mal but T2* -weighted gradient-echo imaging 
demonstrated abnormal hypointensity . Two of 
the patients had lost consciousness after mo
tor vehicle accidents, and two after assaults. 
The number, size, and location of the lesions 
in concordant cases are listed in Table 1. 
None were located in the corpus callosum or 
brain stem. Both readers interpreted the white 
matter as normal in 12 cases, but they dis-

TABLE 1: Number, location , and size of foci of abnormal signal intensity for cases in which both readers agreed abnormality was present 

on MR images at 1.5 T in patients after mild head injury with normal head CT findings 

Case 

High -intensity foci on T2-weighted spin-echo images 

1 

2 

3 

Low-intensity foci on T2*-weighted gradient-echo 

images 

2 

4 

6 

7 

Number of Lesions 

Reader 1 

2 
[DWM (3), DWM (3) ] 

2 
[GW (3), GW (3) ] 

2 
[GW (6), GW (2) ] 

[GW (5)] 
2 

[GW (10) , GW (6) ] 
3 

[GW (3), GW (3), GW (3)] 
5 

[DWM (3), GW (3), GW (3), 
GW (3) , GW (3) ] 

Reader 2 

2 
[DWM (3) , DWM (3)] 

1 
[GW (3) ] 

[GW (4) ] 

[GW (3) ] 
2 

[GW (16), GW (3) ] 
1 

[GW (3) ] 
7 

[all GW (1, 2, 2, 2, 2, 3, 4 ) ] 

Note.-Data in brackets represent location (size in millimeters). GW indicates gray matter-white matter junction; DWM, deep white matter 

(centrum semiovale, corona radiata). 
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A B 
Fig 2. A, There is no evidence of abnormal high or low signal intensity on T2-weighted spin-echo MR of the brain of a 20-year-old 

man obtained within 24 hours after mild head injury caused by an automobile accident. Head CT (not shown) was also normal. 
8, A xial T2 * -weighted gradient-echo imaging in the same patient at the same level reveals evidence of abnormal hypointensity at the 

gray matter-white matter junction in the right occipital region compatible with hemorrhagic diffuse axonal injury (white arrows). 
C, Coronal T2* -weighted images confirm the subcortical location of the hypointense focus. 

agreed regarding the presence of hypointense 
foci in 4 cases. The K for interobserver agree
ment regarding the presence of white matter 
low-signal-intensity foci on this pulse se
quence was 0.52, indicating moderate interob
server agreement. 

Table 2 compares the readers' interpreta
tions of the T2-weighted spin-echo and T2*
weighted gradient-echo images. In 30% of the 
cases (95% confidence interval, 12% to 54%) 
the readers agreed that an abnormality com
patible with diffuse axonal injury was present, 
represented by either high signal intensity on 
the spin-echo or low intensity on the gradient
echo images. In three of the four cases for 

which both readers agreed that hypointense 
foci were present on T2* -weighted gradient
echo images, the readers disagreed on the in
terpretation of the T2-weighted spin-echo im
ages with only one reader identifying 
abnormal signal intensity on these images. In 
these three cases the spin-echo abnormalities 
were in different sites from the gradient-echo 
abnormalities. 

In one case without white matter abnormality 
the readers agreed that a lesion isolated to the 
cerebral cortex was present. They noted an ap
proximately 1.5-cm focus in the right frontal 
cortex that was hypointense on T2-weighted 
spin-echo and gradient-echo images compati-

TABLE 2: Comparison of blinded reader interpretations of T2-weighted spin-echo and T2* -weighted gradient-echo images for white matter 
abnormalities on MR at 1.5 T, after mild head injury and normal head CT findings 

T2-weighted spin-echo images 

Note.-Total studies = 20. 

Both readers interpreted as normal 
One reader interpreted as normal , 

one reader interpreted as abnormal 
Both readers interpreted as abnorma l 

T2*-Weighted Gradient-Echo Images 

Both readers 
interpreted 
as normal 

11 
1 

One reader 
interpreted 
as normal , 
one reader 

as abnormal 

2 

2 

Both readers 
interpreted 

as abnormal 

3 
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ble with an acute hemorrhagic cortical contu
sion not identified on a CT performed the pre
vious day. 

Discussion 

Our data indicate that MR abnormalities com
patible with diffuse axonal injury occur in ap
proximately 30% of cases with mild head injury 
and normal head CT findings. These changes 
indicate that a pathologic process occurs in 
some mildly head-injured patients that is not 
detected by CT but is revealed by MR. This 
pathologic substrate potentially plays a role in 
the postconcussion syndrome, a constellation 
of subjective complaints associated with objec
tive deficits on neuropsychological testing 
which occurs in up to one half of patients after 
mild head injury. 

The neuropathologic and radiologic changes 
of diffuse axonal injury have been extensively 
described in moderately to severely head
injured patients. Pathologic changes demon
strated include axonal retraction balls, micro
glial proliferation, and demyelination with or 
without associated hemorrhage ( 7-22). These 
abnormalities are manifested on MR at low and 
intermediate field strengths as high-signal
intensity foci on long-repetition-time/echo-time 
spin-echo pulse sequences (27-31 ). A few 
studies of severely head-injured patients have 
indicated that lesions with signal intensities 
compatible with hemorrhage can occasionally 
be found on spin-echo images, especially at 1.5 
T (32 , 33), and that T2*-weighted gradient
echo imaging demonstrates more hemorrhagic 
foci than does spin-echo imaging (33). 

Although most patients meeting criteria for 
mild head injury (Glasgow Coma Score 13 to 
15; no deterioration, brief loss of conscious
ness) are not examined pathologically, there 
are experimental animal data (43, 44) indicat
ing that pathologic changes characteristic of 
diffuse axonal injury occur after mild head in
jury. Several MR studies have included mildly 
head-injured patients, but the imaging charac
teristics of this subgroup are difficult to deter
mine from the heterogeneous populations of 
patients reported (34-37). Almost all prior 
studies that included patients with mild head 
injury were performed at low field strength, and 
many appear to have included at least some 
patients with abnormalities on CT. 
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This study shows that there are lesions com
patible with hemorrhagic and nonhemorrhagic 
diffuse axonal injury revealed in mildly head
injured patients on MR at 1.5 T but not shown by 
CT. This confirms previous studies of moderate 
to severe head injury showing that MR is more 
sensitive than CT for nonhemorrhagic diffuse 
axonal injury (27-33), and shows that hemor
rhagic diffuse axonal injury may be missed by 
CT alone. 

The lesions in mildly head-injured patients 
were not as widely distributed as in moderate to 
severe head injury, occurring solely in subcor
tical white matter. No lesions were located in the 
corpus callosum or brain stem, common loca
tions in more severely injured patients ( 31 , 45) . 
Most were located at the gray matter-white 
matter junction, but some were located in deep 
white matter. These two sites of shear injury 
have been described previously in radiologic 
studies of moderate to severe head injury (25, 
28 , 31 ). Our cases demonstrated a relatively 
low number of lesions per positive case, even 
with the use of sensitive pulse sequences. The 
distribution and low number of lesions in our 
cases may relate to the less severe disturbance 
of consciousness that characterizes mild head 
injury relative to more severe forms. 

Although the sequelae of mild head injury are 
not usually devastating, the disability that oc
curs in these patients should not be considered 
trivial. Important subjective and objective cog
nitive deficits occur in these patients leading to 
significant disability (3-6). The focal changes 
we demonstrated on MR may represent the 
pathologic substrate that underlies this 
postconcussion syndrome. Despite objective 
findings on neuropsychological testing, how
ever, it is not uncommon to construe patients ' 
complaints after mild head injury as merely a 
hysterical reaction to the traumatic event , or 
perhaps being related to secondary gain (5). 
Our data support the contention that the 
postconcussion syndrome, at least in some pa
tients, has a pathologic substrate . 

Our data also demonstrate the importance of 
selecting appropriate MR techniques for evalu
ating mildly head-injured patients. Conven
tional T2-weighted spin-echo and T2*
weighted gradient-echo pulse sequences seem 
to be complementary in evaluating these cases , 
reflecting the fact that shearing injuries in the 
white matter may be hemorrhagic or nonhem
orrhagic . Although high-signal -intensity foci in 
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white matter on T2-weighted spin-echo images 
are nonspecific, they are suggestive of nonhem
orrhagic diffuse axonal injury in the acutely 
head-injured patient. This is especially true in 
young patients without chronic medical condi
tions , such as those examined in our study, in 
whom these findings are uncommon. Demon
stration of hemorrhagic foci (manifested as foci 
of hypointensity on T2-weighted spin-echo im
ages) is more specific for diffuse axonal injury, 
but our blinded readers noted this on spin-echo 
images in only one patient in our study. On 
T2* -weighted gradient-echo imaging, however, 
the readers identified four cases in which hy
pointense foci compatible with hemorrhagic dif
fuse axonal injury were present. The improved 
sensitivity of gradient-echo imaging is attribut
able to its greater sensitivity to susceptibility 
effects produced by inhomogeneity of the static 
magnetic field associated with paramagnetic 
blood products. The dephasing of proton spins 
produced by these local field inhomogeneities 
are refocused to a degree in spin-echo imaging 
but not in gradient-echo imaging (33) . 

A limitation of this study is the lack of corre
lation with neuropsychological findings. Al
though we have shown that 30% of patients 
demonstrate MR abnormalities after mild head 
injury, additional work is needed to determine 
whether this subgroup of patients corresponds 
to the subgroup with subjective and/or objective 
neuropsychological findings after trauma. Lon
gitudinal studies correlating neuropsychologi 
cal recovery with severity of initial imaging ab
normalities and evolution of imaging changes 
are also needed. 

Our data also demonstrate the need for as
sessment of the interobserver variation in read
ings of spin-echo and gradient-echo images 
when evaluating lesions that are millimeters in 
size. Interpretation of both sequences is con
founded by potential pitfalls: on long-repetition
time spin-echo images pathologic high-signal 
intensity foci must be distinguished from 
perivascular spaces, and on T2* -weighted 
gradient-echo images pathologic hypointensity 
must be distinguished from artifactual hypoin
tensity. Our analysis took this into account and 
dismissed those patients in whom the readers 
disagreed. Theoretically, therefore , our data 
may minimize the number of patients in whom 
changes occur after injury. 

In summary, our results reveal MR changes 
compatible with nonhemorrhagic and hemor-
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rhagic diffuse axonal injury after mild head in
jury which are not shown by CT. These changes 
may represent the pathologic substrate that un
derlies the postconcussion syndrome found in 
many mildly head-injured patients. Other stud
ies have demonstrated that MR is more sensitive 
than CT for detecting parenchymal injuries such 
as diffuse axonal injury and contusions after 
moderate and severe head trauma (27-33), and 
this study extends those observations to the 
mildly head-injured patient. The greater sensi 
tivity of MR than CT makes it a better indicator 
of the presence and extent of injury and thus 
potentially a better predictor of outcome. These 
points, as well as mildly head-injured patients 
being a stable group of patients with good neu
rologic status , should be considered in develop
ing imaging strategies. MR may be justifiable as 
the sole study in selected patients with brief loss 
of consciousness and excellent neurologic sta
tus . Although some investigators have pro
posed that CT should provide the basis for up
dated classification schemes of head injury for 
use in research and clinical settings (46, 47) , 
this study indicates that MR should play a major 
role in any classification scheme of head injury, 
especially in mildly head-injured patients . 
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