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Abstract The utility of measuring the
corpus callosal angle (CA) for the
diagnosis of idiopathic normal pressure hydrocephalus (INPH) was
investigated. Three-dimensional magnetic resonance imaging (MRI) was
performed in 34 INPH patients, 34
Alzheimer’s disease (AD) patients,
and 34 normal control (NC) subjects.
Measurement of the CA on the coro-

nal MR images of the posterior commissure perpendicular to the anteroposterior commissure plane was
performed for all subjects. The CA of
the INPH group (mean±SD, 66±14°)
was significantly smaller than those of
the AD (104±15°) and NC (112±11°)
groups. When using the threshold of
the mean−2SD value of the NC group
(= 90°), an accuracy of 93%, sensitivity of 97%, and specificity of 88%
were observed for discrimination of
INPH from AD patients. Measuring
the CA helps in differentiating INPH
patients from AD and normally aged
subjects.
Keywords Callosal angle . Idiopathic
normal pressure hydrocephalus
(INPH) . Magnetic resonance imaging
(MRI) . Alzheimer’s disease

Introduction
Idiopathic normal pressure hydrocephalus (INPH) is a
syndrome characterized by gait disturbance, mental
deterioration, and urinary incontinence, and is associated
with normal cerebrospinal fluid (CSF) pressure [1–3], but it
should be discriminated from secondary normal pressure
hydrocephalus (SNPH). The etiology of INPH is unknown,
although SNPH has known causes such as subarachnoid
hemorrhage, meningitis, cranial trauma, and intracranial
surgery. Using X-ray computed tomography (CT) [3, 4]

and magnetic resonance imaging (MRI) [5–8], the patterns
of the morphological findings of INPH have been
investigated and revealed specific morphological changes
including enlarged Sylvian fissures and tight medial
parietal sulci [8].
In the treatment guidelines for INPH, “a callosal angle of
40° or more” is described as a supportive feature of
suspected INPH [9], but no reference has been cited from
the literature. In this study, we investigated whether the
callosal angle is a useful marker for the diagnosis of INPH,
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and analyzed other previously reported markers including
periventricular hyperintensity (PVH), deep white matter
intensity (DWMH), and aqueductal ventricular flow void.

Materials and methods
Subjects
In this study, we used MR images of the following
patients who were previously selected for analysis by
voxel-based morphometry: 34 consecutive patients with
INPH, 34 age-matched and cognitive impairment-matched
AD patients, and 34 age-matched normal healthy subjects,
as described previously [8]. The patients were admitted to
the infirmary of our institution for the evaluation of
dementia from April 1994 to March 2005. The 34 INPH
patients fulfilled the criteria for probable INPH in the
INPH guidelines [9]. The diagnosis of probable INPH is
based on clinical history, brain imaging, physical findings,
and physiological criteria:
1. History must include (a) insidious onset, (b) origin
after 40 years, (c) a minimum duration of at least 3 to
6 months, (d) no evidence of antecedent events, (e)
progression over time, and (f) other neurological,
psychiatric, or general medical conditions.
2. Brain imaging must show evidence of (a) ventricular
enlargement (Evans index>0.3 or comparable measure), (b) no macroscopic obstruction to CSF flow, (c)
at least one of the following supportive features: (i)
enlargement of the temporal horns of the lateral
ventricles not entirely attributable to hippocampus
atrophy, (ii) a callosal angle of 40° or more, (iii)
evidence of altered brain water content including
periventricular signal changes on CT and MRI not
attributable to microvascular ischemic changes or
demyelination, and (iv) an aqueductal or fourth
ventricular flow void on MRI.
3. Clinical findings of gait/balance disturbance must be
present, plus at least one other area of impairment in
cognition, urinary symptoms, or both.
4. Physiological findings of CSF opening pressure in the
range of 5–18 mm Hg (or 70–245 mm H2O) as
determined by a lumbar puncture or a comparable
procedure.
The patients also fulfilled the criteria for probable INPH
in the Japanese clinical guidelines for idiopathic normal
pressure hydrocephalus [10], which are summarized below.
Possible INPH is diagnosed in patients:
(a) More than 60 years old.
(b) Having one or more symptoms of gait disturbance,
dementia, and urinary incontinence.
(c) With ventricular dilatation (Evans index>0.3) and a
narrow CSF space in the superior convexity.

(d) With a CSF pressure lower than 200 mm H2O with a
normal CSF cell count and protein level.
(e) Having no other diseases that may account for the
symptoms.
(f) With no other previous illness that causes ventricular
dilatation.
Probable INPH is diagnosed if the spinal tap test is
positive with possible INPH.
Definite INPH is diagnosed if a shunt operation is
effective in improving the symptoms of a patient with
probable INPH.
A spinal tap test was performed and symptomatic
improvement was confirmed in all patients. The mean
age of the INPH group was 76.0±5.3 years, and the mean
mini-mental state examination (MMSE) score was 19.8±
4.8. The group consisted of 16 females and 18 males. All
patients showed gait disturbance, 27 patients had cognitive
disorders, and 21 patients had urinary incontinence. Thirtyfour patients with probable AD, who were diagnosed using
the criteria from the National Institute of Neurological and
Communicative Disorders and Stroke/Alzheimer’s Disease
and Related Disorders Association (NINCDS/ADRDA)
[11], were selected from our institute’s dementia registry.
The mean age of the AD group was 75.9±4.6 years, and the
mean MMSE score was 20.1±4.3. This group comprised
16 females and 18 males. None of the AD patients had gait
disturbance or urinary incontinence. Finally, 34 healthy
volunteers (NC) (female/male=13:21; mean age±SD, 75.7±
4.8; mean MMSE±SD, 29.6±0.8) were selected randomly
from our institute’s normal registry. All control subjects had
no evidence of focal brain lesions on MR images except for
age-related brain atrophy and hyperintensities on T2weighted images; a normal physical and neurological
examination; and no history of psychiatric disorders. All
procedures of this study adhered to the clinical study
guidelines of the ethics committee of our institute and were
approved by the internal review board, and written
informed consent was obtained from the subjects and/or
patients’ relatives.
MR procedure
A 1.5-T Signa Horizon MR system (GE Medical Systems,
Milwaukee, WI) was used for MRI. Three-dimensional
spoiled gradient echo (SPGR) imaging (TR, 14 ms; TE,
3 ms; flip angle, 20°; thickness, 1.5 mm; 124 slices; field of
view, 220 mm; matrix, 256×256: 0.86 mm×0.86 mm) was
performed to obtain three-dimensional T1-weighted coronal images. Axial fast spin-echo T2-weighted images (TR,
3,000 ms; TE, 105 ms; excitations, 4) were obtained in 14
locations parallel to the anteroposterior commissure plane
with a section thickness of 5 mm and intersection gap of
2.5 mm, covering the area from the base of the cerebellum
to the vertex.
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Data analysis
The Evans index and corpus callosal angle were calculated
on the individual T1-weighted axial images reconstructed
from the SPGR images: the SPGR images were reconstructed to axial images which were parallel to the
anteroposterior commissure plane consisting of 1.0-mm
isotropic voxels. The Evans index was calculated as the
maximal width of the frontal horns/maximal width of the
inner skull [12] (Fig. 1).
Because the callosal angles vary on each plane (Fig. 2),
the corpus callosal angle was measured on the coronal
plane in this study. The coronal image which was
perpendicular to the anteroposterior commissure plane on
the posterior commissure of each subject was reconstructed
(Fig. 3) and two radiologists who were blinded to the
subjects’ clinical data measured the callosal angle,
separately.
The white matter intensity was evaluated by visual
inspection from the T2-weighted images. Two radiologists
reviewed the images without knowledge of the clinical
status. They classified the white matter hyperintensity into
periventricular hyperintensity (PVH) and deep white
matter intensity (DWMH), and rated the severity into

Fig. 1 Measurement of Evans index calculated as the maximal
width of the frontal horns (A)/maximal width of the inner skull (B)

Fig. 2 Variation of the callosal angle measurement. The callosal
angle varies depending on which plane it is measured from and is A
118°, B 103°, and C 70° on this patient with idiopathic normal
pressure hydrocephalus. We defined the callosal angle as the
measurement on the coronal plane just on the posterior commissure (c)

four grades according to Fazekas et al. [13]. For PVH,
“absent” = grade 0, “caps or pencil-thin-lining” = grade 1,
“smooth halo or thin band” = grade 2, and “irregular
periventricular hyperintensity extending into the deep
white matter or broad band” = grade 3. For DWMH,
“absent” = grade 0, “punctate” = grade 1, “beginning of
confluence” = grade 2, and “confluent” = grade 3.
Aqueductal ventricular flow void was evaluated on T2weighted images, and the flow void in the aqueduct of the
midbrain and in the fourth ventricle was expressed as
“none” or “visible”.
Each subject’s index, angle, and scores were shown as
average values of the two observers. Differences among
groups were analyzed using the Kruskal–Wallis one-way
analysis of variance (ANOVA) test followed by the post
hoc Tukey test for the original data obtained by visual
inspection, and using one-way (ANOVA) and Tukey posthoc analysis for the Evans index and the callosal angle. The
statistically significant level was set at p<0.05. Intraclass
correlation coefficient and kappa statistic were performed
to examine the inter-operators reliability of Evans index,
callosal angle, and visual inspection. Correlation between

Fig. 3 The coronal section where callosal angle is measured. The
callosal angle was measured on the coronal plane, which was
perpendicular to the anteroposterior commissure plane on the
posterior commissure of each subject
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MMSE score and Evans index or callosal angel was
evaluated with Spearman rank correlation test.

Results
The inter-observer reproducibility values for Evans index
and callosal angle were 0.937 and 0.975. The kappa
coefficient of the inter-observer reliability of the visual
rating was 0.81 for DWMH and 0.89 for PVH.
The mean Evans index and callosal angle of all groups
are shown in Table 1. The Evans index of the INPH group
was significantly larger than those of the AD and NC
groups; and the callosal angle of the INPH group was
significantly smaller than those of the AD and NC groups.
The Evans index of the AD group was also larger than that
of the NC group; however, there were no significant
differences between the callosal angle of the AD group and
the NC group (Table 1). When using the guideline criteria
of an Evans index of 0.3, an accuracy of 86%, sensitivity of
100%, and specificity of 74% were demonstrated for
discrimination between INPH and AD patients. When
using the threshold of the NC group’s mean−2SD value of
the callosal angle (= 90°), an accuracy of 93%, sensitivity
of 97%, and specificity of 88% were demonstrated for
discrimination between INPH and AD patients. When
using a combination of Evans index and callosal angle
(threshold Evans index > 0.3 and callosal angle < 90°), an
accuracy of 96%, sensitivity of 97%, and specificity of
94% were demonstrated for discrimination between INPH
and AD patients (Fig. 4).
The Spearman rank correlation coefficient (Rs) between
MMSE score and Evans index was −0.511 (p<0.001) and
the Rs between MMSE score and callosal angle was 0.510
(p<0.001).
The results of the visual inspection are summarized in
Table 2. Subjects with no PVH or DWMH were classified

Table 1 Mean values of the Evans index and callosal angle
measurements in each group

INPH
AD
NC

Evans index

Callosal angle

0.338±0.025a
0.283±0.033c
0.259±0.025

66±14b
104±15
112±11

The callosal angles were measured at the level of the posterior
commissure, when the slices are oriented perpendicular to the
anteroposterior commissure plane.
INPH idiopathic normal pressure hydrocephalus, AD Alzheimer’s
disease, NC normal control subject
a
Significantly larger than NC and AD
b
Significantly smaller than NC and AD
c
Significantly larger than NC

Fig. 4 Scatter plots of the Evans index and the callosal angle of
each subject in idiopathic normal pressure hydrocephalus (INPH),
Alzheimer’s disease (AD), and normal control (NC) group. The
dotted line indicates the threshold of the callosal angle (mean−2SD
of the NC group = 90°) and the threshold of Evans index (= 0.30)

as follows: three cases in the INPH group, three cases in the
AD group, and nine cases in the NC group. Mean PVH
rating scores in the INPH group were higher than those of
the AD and NC groups, and mean DWMH rating scores in
the INPH group were higher than those of the NC group
(Table 2).
Aqueductal flow void was observed in 79%, 88%, and
82% of the INPH, AD, and NC groups, respectively. A
fourth ventricular flow void was observed in 47%, 47%,
and 44% of the INPH, AD, and NC groups, respectively.
There were no significant differences in aqueductal or
fourth ventricular flow void frequency among the three
groups.
Coronal sections showing representative callosal angles
of a patient with INPH, a patient with AD, and a healthy
man are shown in Fig. 5.

Discussion
Our study demonstrated the useful measurement of the
callosal angle in INPH patients, providing the first study
reporting the measurement of the callosal angle on MR
images.
The concept of the callosal angle was first described by
Benson et al. [14] for the diagnostic finding of normal
pressure hydrocephalus on pneumoencephalography.
Thereafter, Sjaastad et al. [15] reported the useful
measurement of the callosal angle for NPH diagnosis
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Table 2 Mean visual rating scores of white matter lesions in each group

PVH
DWMH

INPH

AD

NC

Among groups

INPH vs AD

INPH vs NC

AD vs NC

1.9
1.6

1.1
1.4

0.7
0.8

p<0.001
p<0.001

p<0.05
NS

p<0.05
p<0.05

NS
p<0.05

INPH idiopathic normal pressure hydrocephalus, AD Alzheimer’s disease, NC normal control subject, PVH periventricular hyperintensity,
DWMH deep white matter intensity

with pneumoencephalography. To the best of our knowledge, there has been no report on the measurement of the
callosal angle on X-ray CT or MRI, so we proposed that the
callosal angle should be measured on a coronal plane
which is perpendicular to the AC–PC plane on the posterior
commissure plane. Our study demonstrated that the
callosal angle in the INPH group was much smaller than
those in the AD and NC groups. This suggests that the
callosal angle is a good indicator of probable INPH: a sharp
callosal angle, i.e., less than 90°, is produced by elevation
of dilated lateral ventricles and compression by dilated
Sylvian fissures. Measuring the callosal angle could be a
convenient method for discriminating INPH from neurodegenerative disease with large ventricles due to atrophy.
The Evans index is determined by the largest diameter of
the frontal horns divided by the diameter of the internal
skull, on the same plane. A value greater than 0.3 for the
Evans index is the only essential morphologic criterion of
probable INPH as reported in the journal Neurosurgery and
‘the Japanese guidelines’. The Evans index of our INPH
cases was above 0.3; the mean Evans index was 0.338 in
the INPH group. The mean Evans index of the AD group
was 0.283, and 26% (9/34) of the Evans indices in the AD
patients were above 0.3. This suggested that if we only
used the Evans index, we could not distinguish an INPH
patient from an AD patient. However combination of
Evans index and callosal angle produced a better
performance in discriminating INPH from AD than single
use of Evans index or callosal angle.

Evans index and callosal angle have a weak correlation
with MMSE score, which means those markers do not
directly reflect cognitive impairments of the subjects.
When clinicians order MRI for the reason of cognitive
impairments of the patients, the possibility of INPH may
not have been considered; therefore measuring the callosal
angle and Evans index, which reflect the characteristic
morphologic change of INPH, would help radiologists to
suggest the possibility of INPH.
White matter changes including PVH and DWMH have
often been observed in INPH patients compared to aged
subjects but they are not sufficient for the diagnosis of
INPH [16–18]. Moreover, PVH and DWMH in INPH are
supposed to be correlated with the clinical outcome. In
particular, in INPH, the severity of the white matter
changes may correlate with the clinical symptoms [18], but
there is no evidence of a correlation with the response to
shunt operation [19, 20]. In our study, the grade of PVH in
the INPH group was significantly greater than those in the
AD and NC groups. The percentage of positive PVH
findings was over 90%. This indicates that most of the
INPH patients have PVH, but some AD or NC subjects also
have PVH. A positive PVH finding alone does not
distinguish INPH patients from AD or NC subjects.
Tullberg et al. [21] reported that when comparing INPH
and Binswanger’s disease, both groups had similar changes
in white matter lesions as shown by MRI, indicating a
common pathophysiological pattern.
Previous studies have reported CSF flow void in INPH
[22–24], although flow voids often occur in both INPH and
NC patients [5]. On conventional axial T2-weighted
images, an aqueductal ventricular flow void is often
observed. Therefore, our results indicate that an aqueductal
ventricular flow void is not a useful finding for INPH
diagnosis.

Conclusions

Fig. 5 Representative coronal sections showing callosal angles of
idiopathic normal pressure hydrocephalus (INPH), Alzheimer’s
disease (AD), and healthy man. A 64-year-old male INPH patient:
MMSE score was 27, Evans index was 0.30, and the callosal angle
was 69°. B 67-year-old male AD patient: MMSE score was 26, Evans
index was 0.29, and the callosal angle was 102°. C 70-year-old
healthy man: MMSE score was 30, Evans index was 0.24, and the
callosal angle was 118°

INPH patients have a small callosal angle (under 90°) on
coronal MR images at the level of the posterior commissure, when the slices are oriented perpendicular to the
anteroposterior commissure plane. Measuring the callosal
angle on MRI is a convenient and useful technique for the
diagnosis of INPH.
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