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Summary
Background. The aim of the present 
study was to examine the practical use-
fulness of fully automatic quantification 
of brain structures by means of mag-
netic resonance imaging (MRI) for dia-
gnosing dementia of the Alzheimer’s 
type (DAT).

Material and method. MRI scans of 
the brains of 122 patients referred to 
a memory clinic were analysed using 
Neuroquant software, which quantifies 
the volume of various brain structures. 
Clinical diagnoses were made by two 
doctors without knowledge of the MRI 
results. We performed receiver opera-
ting characteristic (ROC) analyses and 
calculated the area under the curve 
(AUC). A value of 1 means that all dis-
eased patients have been diagnosed as 
such and no patient has been falsely 
diagnosed as diseased.

Results. The mean age of the patients 
was 67.2 (SD 10.5 years), 60  % were 
men, 63 had DAT, 24 had another type 
of dementia, 25 had mild cognitive 
impairment (MCI) and ten had subjec-
tive cognitive impairment (SCI). In the 
comparison between DAT patients and 
patients with SCI or MCI, seven of eleven 
volumes were significantly larger 
than AUC 0.5. Positive and negative 
likelihood ratios were less than 5 and 
more than 0.2, respectively, for the best 
threshold values of the volumes. Apart 
from the cerebellum (AUC 0.67), none 
of the brain structures was significantly 
different from AUC 0.5 in patients with 
other dementia disorders compared 
with patients with DAT.

Interpretation. MRI scans with Neuro-
quant analyses cannot be used alone to 
distinguish between persons with DAT 
and persons without dementia.
Dementia has a variety of causes. Alzhei-
mer’s type is the most common (1). Many
patients with signs of dementia are not eva-
luated (2); on the other hand, patients are
referred to memory clinics for evaluation at
an earlier stage in the development of the
disease today than ten years ago (3). They
are younger, and half of them do not meet
the criteria for the dementia syndrome and
receive the diagnoses «subjective cognitive
impairment» or «mild cognitive impair-
ment». There is no definition of the concept
«subjective cognitive impairment». It is
used for patients who feel that their cogni-
tive capacity is reduced, but in whom neuro-
psychological testing has failed to reveal
cognitive impairment.

There is no single diagnostic test that can
determine the existence of a specific demen-
tia disease. The diagnosis should be made in
relation to standardised criteria after a tho-
rough examination that includes the patient’s
history, cognitive testing, physical examin-
ation, diagnostic imaging and in many cases
spinal fluid testing to determine tau protein
and amyloid beta (4).

A significant increase in new dementia
cases is expected in the years ahead, and it is
therefore important to develop valid and
simple diagnostic procedures. New criteria
have also been proposed for diagnosing Alz-
heimer’s disease in an early phase (before
the development of dementia). Biomarkers
have a more central place in these criteria
than in today's ICD 10 criteria (5).

It has long been known that the neurode-
generation in Alzheimer’s disease starts in the
entorhinal cortex and rapidly spreads to the
medial temporal lobes (6). It was demon-
strated in the 1990s that medial temporal lobe
atrophy, documented by cerebral computer
tomography, was typical of patients with
DAT (7 – 9). This knowledge was difficult to
apply in clinical practice because the quality
of the equipment of the time varied (10).

The results of studies on the use of mag-
netic resonance imaging (MRI) (11 – 13)
have reported sensitivity and specificity of
80  % to 90  % to distinguish between patients
with DAT and healthy elderly people and be-
tween patients with DAT and patients with
mild cognitive impairment (14, 15). Visual
inspection, linear and volumetric measure-
ment are all used (8, 14, 16).

Visual inspection is a rapid method, but
studies show different consistency results
among those who use this method (17, 18).
Non-automatic (manual) volumetric mea-
surement is time-consuming and for that
reason cumbersome to use in clinical prac-
tice. Neuroquant is one of several automatic
methods that have been developed for use in
clinical practice (11 – 13). Normative data
are obtained from the Alzheimer’s disease
Neuroimaging Initiative (ADNI) (19). The
total volume of the brain and the volumes of
specific areas can be calculated using Neu-
roquant. Age-adjusted measurements are re-
ported for hippocampus, lateral and inferior
lateral ventricles.

The objective of this study was to deter-
mine the clinical usefulness of Neuroquant
for distinguishing patients with the dia-
gnosis DAT from those without dementia,
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and whether the method can be used to dis-
tinguish DAT from other types of dementia.

Material and method
The patients
This is a prospective study of 122 patients
with competence to consent referred from
primary care doctors to the Memory Clinic
at Oslo University Hospital, Ullevål, for de-
mentia evaluation. MRI scans form part of
standard examination procedure. The mate-
rial was collected from patients who were
referred between September 2010 and June
2011. A total of 264 patients were referred
during this period.

The selection of patients for this project
was dependent on the availability for exam-
ination with the 3 tesla MRI scanner at Oslo
University Hospital. If the doctor providing
treatment at the memory clinic saw that the
waiting period would be too long, the
patients were referred for another MRI scan
(n = 142). There were no criteria for defining
a long waiting period. All the 122 who were
asked gave their consent.

The examinations
According to the guidelines for validity stu-
dies, all the patients were examined in the
same standardised manner. The results of the
Neuroquant analysis were not available to
the doctors who set the clinical diagnoses
(20). The examinations consisted of an inter-
view with patient and family, testing of cog-
nitive function, physical examination, blood
sample analyses, MRI scan, single-photon
emission computed tomography in cases of
suspected Parkinson-plus syndromes or
frontotemporal dementia and spinal fluid
testing of patients with vague symptoms (3,
4).

In order to illustrate the degree of cogni-
tive impairment in patients, we show the
results of some of the cognitive tests that
were carried out. The mini-mental status
evaluation (MMSE) gives scores between 0
and 30. The lower the score, the greater the
cognitive impairment (21, 22). The clock
drawing test is scored from 0 to 5. The lower
the score, the greater the cognitive impair-
ment (23). The ten-word test investigates
learning ability and recall function (antero-
grade memory). The learning part is scored
from 0 to 30. The lower the score, the greater

the cognitive impairment. Recall is scored
between 0 and 10, with 0 as the poorest re-
sult (24).

Diagnosis
A neurologist (AB) and a psychiatrist (KE),
both with more than 20 years of experience
in dementia diagnostic work-up, were not
present during the consultation, but evalu-
ated all available information for each pa-
tient, including the ordinary MRI descrip-
tions but not the Neuroquant analyses. The
diagnoses DAT, vascular dementia and Par-
kinson's dementia were applied according to
the ICD 10 criteria. We used the Manches-
ter-Lund criteria to diagnose frontotemporal
dementia, and the revised consensus criteria
for dementia with Lewy bodies (25, 26).

In accordance with ICD 10, the diagnosis
'Unspecified dementia' was used for patients
with dementia that did not satisfy any of the
criteria or in patients with mixed conditions.
Winblad's criteria were used for mild cogni-
tive impairment, and subjective cognitive
impairment was used for patients who experi-
enced memory problems that did not satisfy
the criteria for mild cognitive impairment
(27). The two doctors disagreed on the dia-
gnosis of eight patients (6.5  %). In these cases
they reached a consensus diagnosis by discus-
sion.

Magnetic resonance imaging, 
scanning and analysis
Magnetic resonance imaging was carried
out on a 3 tesla MRI scanner (General Elec-
tric, Sigma HDx, Milwaukee, Wisconsin,
USA). T1-weighted 3D scanning was car-
ried out with IRSPGR pulse sequences with
the following variables: inversion time was
produced with the aid of sagittal scanning
with repetition time (TR) = 7.7 ms, echo
time (TE) = ms, field of view = 256 mm, flip
angle = 12, section thickness = 1.2 mm,
voxel size = 1.2  1.0  1.3 mm, number of
sections = 170, base resolution = 256.

The volume of brain structures was ana-
lysed with Neuroquant (CorTechs Labs Inc.,
San Diego, CA, USA), which performs an
automatic segmentation and measures the
volume of brain structures (11). In this study
we report volumes for anterior cortex, cor-
tical grey matter, cerebellum, hippocampus,
amygdala, pallidum, putamen, caudatus,

thalamus, lateral ventricles and inferior late-
ral ventricles. For each structure we have
reported the ratio between brain structure
(right + left)/intracranial volume expressed
as a percentage, in the article called «volu-
metric measurements». Neuroquant also re-
ports age-adjusted percentiles for hippocam-
pus, lateral ventricles and inferior lateral
ventricles.

Statistics
Data were stored and analysed in SPSS,
version 18. Continuous data were almost
normally distributed and were subjected to
parametric analysis. Simple table analyses
were performed and the t-test used to test
differences in average volumetric measure-
ments. In accordance with the objective, and
because we had few patients with some
dementia diseases, we combined the patients
into three groups: no dementia (subjective
cognitive impairment + mild cognitive
impairment) – n = 35, DAT – n = 63, other
dementia diseases – n = 24.

To demonstrate the diagnostic strength of
the volumetric measurements, we performed
receiver operating characteristic (ROC) ana-
lyses and specified the area under the curve
(AUC) and threshold values for the volume-
tric measurements that classified most pa-
tients correctly. ROC analysis is a method
that can be used to provide a measure of the
discriminatory power of a diagnostic test. In
other words, it shows the relationship be-
tween true positive and false positive rates.
The area under the curve was calculated to
compare the diagnostic discriminatory power
of the different brain sizes. Value 1 means
that all sick subjects are diagnosed as dis-
eased and none as falsely diseased; 0.5 means
that half are correctly classified, i.e. the same
result is achieved by chance.

Sensitivity, specificity, positive and nega-
tive likelihood ratio were calculated for the
best threshold value. A positive likelihood
ratio indicates the relationship between true
test-positive and false test-positive persons,
while a negative likelihood ratio indicates
the relationship between false text-negative
and true test-negative persons. The two mea-
sures are independent of the prevalence of
the disease: positive likelihood ratio = sensi-
tivity/1 – specificity, negative likelihood
ratio = 1 – sensitivity/specificity. A good
diagnostic test should have a positive like-
lihood ratio of over 5 and a negative
likelihood ratio of above 0.2 (28).

Ethics
All patients who are examined at the
Memory Clinic are asked whether the results
of the examination can be stored in a re-
search register. Over 99  % of those with
competence to consent agree to this. All
those included have competence to consent
and signed the consent form. The register is
approved by the Norwegian Data Inspecto-
rate, the Regional Committee of Medical

Table 1 Characteristics of 122 patients assessed at the Memory Clinic at Oslo University Hos-
pital. Mean (standard deviation) values unless otherwise specified. MMSE = Mini mental status 
evaluation, CERAD = Consortium to establish a registry of Alzheimer’s disease

Age (years)  67.2 (10.5)

Women, number (  %)   49 (40.3)

MMSE score (maximum is 30) 25.1 (4.3)

Clock test score (maximum is 5)  4.0 (3.2)

CERAD ten-word test, learning (maximum is 30) 14.1 (6.1)

CERAD ten-word test, memory (maximum is 10)  3.3 (1.5)
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Research Ethics of the South-East Norway
Regional Health Authority (REC South-
East) and the Data Protection Officer at Oslo
University Hospital. Clinical data in the
study are retrieved from the register, and
have been approved by REC South-East.

Results
Patient characteristics are shown in Table 1.
The 122 patients had the following diagnoses:
subjective cognitive impairment (n = 10),
mild cognitive impairment (n = 25), DAT (n =
63), vascular dementia (n = 1), dementia with
Lewy bodies or Parkinson's dementia (n = 9),
frontotemporal dementia (n = 8) and unspeci-
fied dementia (n = 6).

Table 2 shows volumetric measurements
for the patients in the three patient groups no
dementia, DAT, other types of dementia. We
had complete data for all patients for volu-
metric measurements of hippocampus, late-
ral ventricles and inferior lateral ventricles.
We also had data for the other measurements
from 102 patients, 53 of whom had DAT.

In the comparison between patients with
DAT and patients with subjective cognitive
impairment or mild cognitive impairment,
the volumetric measurements for anterior
cortex, cortical grey matter, hippocampus,
amygdala, putamen, lateral ventricles and in-
ferior lateral ventricles were significantly
different from AUC 0.5 (Table 3). In the
comparison between DAT and other types of
dementia, the cerebellum was the only volu-
metric measurement that was statistically
significantly different from AUC 0.5, with
AUC = 0.67 (95  % confidence interval (CI)
0.5 – 0.81), p = 0.02. The best threshold value
for this volumetric measurement was 8.3  %,
with sensitivity 72  %, specificity 60  %, posi-
tive likelihood ratio = 1.8 and negative like-
lihood ratio = 0.63.

In ROC analyses of patients with DAT

versus patients with subjective cognitive im-
pairment or mild cognitive impairment, the
three structures with age-corrected percenti-
les were statistically significantly different
from 0.5: hippocampus – AUC 0.80 (95  %
CI 0.71 – 0.89), sensitivity 74  % and specifi-
city 70  % for the 30 percentile (best), lateral
ventricles – AUC 0.73 (95  % CI 0.63 – 0.84),
sensitivity 73  % and specificity 69  % for the
80 percentile (best). The results for the infer-
ior lateral ventricles were AUC 0.76 (95  %
CI 0.66 – 0.85), sensitivity 71  % and speci-
ficity 75  % for the 75 percentile (best). In
ROC analyses of DAT versus other types of
dementia, AUC was not significantly dif-
ferent from 0.5 for any of the age-corrected
percentiles.

Discussion
We found that the Neuroquant method dis-
tinguished patients with DAT from those
without dementia who were assessed at a
memory clinic. The method did not dis-
tinguish between patients with DAT and pa-
tients with other types of dementia. The
diagnostic power is evaluated as of medium
strength for distinguishing between patients
with DAT and patients without dementia
because the likelihood ratio for the best
volumetric measurements was between 2
and 5 and the negative likelihood ratio was
between 0.2 and 0.5.

Although the measurements for putamen
and cortical grey matter were significantly
different from AUC 0.5 in the comparison
between patients with DAT and those with-
out dementia (Table 3), this difference does
not influence the diagnosis to any particular
degree because the positive likelihood ratio
was < 2. The same applies to the cerebellum,
which was significantly different from AUC
0.5 in the comparison between patients with
other forms of dementia and patients with

DAT. We had expected the results of the
ROC analyses of the age-standardised per-
centiles to be better than for structural
volume (right + left)/intracranial volume of
hippocampus, amygdala and lateral ventri-
cles. They were not, and this may imply that
these norms are not well enough validated
and that they must be used with caution in
clinical practice.

Our results are difficult to compare with
earlier Neuroquant studies since positive
and negative likelihood ratios are not re-
ported in the latter (11 – 13, 15). The results
are consistent with the results of studies
where manual volumetric methods were em-
ployed and indicate that Neuroquant analy-
ses are as good as far more time-consuming
volumetric measurements (29, 30).

Better results than ours have been re-
ported for some studies in which manual vo-
lumetric measurement was used. These are
studies in which a comparison has been
made between patients with DAT and
healthy control subjects (31, 32). We would
argue that the results of these studies are less
relevant than ours, because a comparison
between a diseased patient group and a
healthy control group does not reflect the
situation in clinical everyday life. In our
study, none of the participants were healthy
controls; they were all referred by their pri-
mary care doctor on suspicion of dementia.

About 50  % of those with mild cognitive
impairment and 10 – 20  % of those with sub-
jective cognitive impairment will develop
dementia in the course of a five-year period
(33, 34). Brain changes typical of Alzhei-
mer’s disease start 10 – 15 years before the
onset of clinical symptoms. This may mean
that a number of our patients with mild cog-
nitive impairment and subjective cognitive
impairment have an early stage of Alzhei-
mer’s disease even though they do not fulfil

Table 2 Volume of brain structures bilaterally in relation to intracranial volume expressed in per cent for patients without dementia, patients with 
dementia Alzheimer’s type and patients with other types of dementia. Volumetric measurements are expressed as percentages (standard deviation). 
We did not have measurements of amygdala, caudatus, putamen, pallidum, thalamus, cortical grey matter, anterior cortex and cerebellum for 20 
patients.

No dementia (n = 35)
DAT 

(n = 63)
Other dementia 

(n = 24) P value, t-test1 P value, t-test2

Hippocampus  0.52 (0.06)  0.44 (0.06)  0.47 (0.06) < 0.001 0.098

Amygdala  0.23 (0.03)  0.19 (0.03)  0.20 (0.05) < 0.001 0.448

Caudatus  0.50 (0.09)  0.53 (0.08)  0.51 (0.08)  0.087 0.316

Putamen  0.61 (0.07)  0.57 (0.08)  0.52 (1.00)  0.013 0.075

Pallidum  0.12 (0.02)  0.10 (0.03)  0.11 (0.03)  0.051 0.153

Thalamus   1.1 (0.08)   1.1 (0.10)   1.0 (0.16)  0.715 0.573

Anterior cortex 61.5  (2.80) 58.9  (2.90) 58.9  (4.30) < 0.001 0.971

Cortical grey matter 30.2  (2.10) 28.6  (2.20) 28.4  (3.00)  0.002 0.826

Cerebellum  8.8  (0.74)  8.6  (0.68)  8.1  (0.70)  0.185 0.027

Lateral ventricles 2.24  (1.15) 3.34  (1.44)  4.0  (2.10) < 0.001 0.195

Inferior lateral ventricles 0.16  (0.07) 0.26  (0.10) 0.24  (0.11) < 0.001 0.482

1 No dementia versus DAT
2 DAT versus other dementia
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the criteria for dementia. This could be one
explanation for the relatively low specificity
we found for the brain structures (Table 3).
Some of the patients in the group without de-
mentia may be in the process of developing
DAT and for that reason have atrophy of the
hippocampus and amygdala and expanded
lateral ventricles. It is more difficult to
explain why a number of patients with the
diagnosis DAT do not have typical MRI
findings for this disease. One reason may be
misdiagnosis. Nonetheless, surveys show
that the consistency between a neuropatho-
logical diagnosis of Alzheimer's disease and
the clinicians' diagnosis – DAT – is good,
with a sensitivity approaching 90  % and a
somewhat lower specificity (35).

The doctors who diagnosed the patients in
this study are experienced, which should
mean that misdiagnosis is not the primary
cause of low sensitivity. A more probable
explanation is that Alzheimer's disease does
not always start in the entorhinal cortex, but
in posterior cortical regions. Volumetric
measurements in patients with this atypical
development will not be affected in the same
manner as they are in patients where the
disease starts in the entorhinal cortex.

Our other main finding was that the Neu-
roquant analyses did not distinguish patients
with DAT from those with other dementia
diseases. This is not unexpected. According
to neuropathological investigations, many
patients with clinical dementia symptoms
have a mixture of different types of demen-
tia (36). Approximately 75  % of those with
the diagnosis neuropathological dementia
with Lewy bodies also have neuropathologi-
cal changes in the brain that indicate con-
comitant Alzheimer's disease (37). The
combination of vascular dementia, dementia
with Lewy bodies and DAT is not uncom-
mon either (36). It is possible that automatic

MRI analysis would succeed in distinguish-
ing DAT from frontotemporal dementia, but
the group with frontotemporal dementia is
too small to test this hypothesis. We have no
answer to the question of why the cerebel-
lum was significantly more atrophied in the
group with other dementia diseases than in
the group with DAT. This may be a random
finding.

The study has weaknesses. We have used
clinical diagnoses as the gold standard. This
may introduce error, because a clinical dia-
gnosis is never 100  % consistent with neuro-
pathological diagnoses. On the other hand,
neuropathological diagnoses are not a gold
standard either (38). It can be argued that the
clinical diagnostics would have been better
if dementia markers had been measured in
the spinal fluid of all the patients. But spinal
fluid biomarkers are not a failproof means of
identifying DAT either, or other dementia
disorders. Many patients with normal values
for tau protein and/or beta-amyloid have
symptoms and disease progression consis-
tent with DAT (4).

Another weakness is the inclusion of few
patients with mild cognitive impairment and
other types of dementia than DAT. In order
to obtain definite answers to whether Neuro-
quant can be used in the differential diagnos-
tic, far more patients with mild cognitive im-
pairment, subjective cognitive impairment
and different dementia diseases should be
included in a similar study.

The strength of the study is the research
design. Patients with competence to consent
who were referred for dementia assessment
were included continuously, a standard
examination procedure was used for them
all, and the results of the MRI quantification
were not available to the doctors who set the
diagnoses. Since more than half of the pa-
tients referred to the memory clinic in the

period while the study was in progress were
not included, it may be argued that the pa-
tients included were subject to a selection
process. But this was not systematic selec-
tion; it depended only on whether the doctor
providing treatment thought that the waiting
time for the Neuroquant examination was
too long.

Conclusion
Our conclusion is that automatic quantifica-
tion of brain structures cannot be used as a
stand-alone means of examination in demen-
tia assessment, but it can provide support for
the results of other clinical investigations. It
is important to use methods with a high cost-
benefit value in this work, as a strong in-
crease in the number wanting assessment for
a possible dementia disorder is expected in
the years ahead.
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Table 3 Neuroquant's ability to distinguish between patients with dementia Alzheimer's type from patients without dementia. For measu-
rements of the volume of hippocampus, lateral ventricles and inferior lateral ventricles, 98 patients were included in the analyses, 63 of 
them with DAT. For measurements of the other volumes, 78 patients were included, 53 of them with DAT. The threshold value for volume-
tric measurements is not reported where AUC was not significantly different from 0.5 in the ROC analysis.

DAT versus no dementia Best threshold value volume/intracranial volume

Brain structure
Area under 
the curve 95  % CI P- value

Threshold 
value (  %)

 Sensitivity 
(  %)

 Specificity 
(  %)

Positive 
likelihood ratio 

Negative 
likelihood ratio 

Hippocampus 0.80 0.71 – 0.90 < 0.001  0.48 74 71 2.6 0.37

Amygdala 0.79 0.69 – 0.90 < 0.001  0.21 77 70 2.6 0.33

Caudatus 0.38 0.25 – 0.51  0.084 – – – – –

Putamen 0.65 0.53 – 0.78  0.022  0.56 76 49 1.5 0.47

Pallidum 0.63 0.51 – 0.76  0.051 – – – – –

Thalamus 0.57 0.44 – 0.69  0.343 – – – – –

Anterior cortex 0.77 0.66 – 0.88 < 0.001 60.72 79 75 3.2 0.28

Cortical grey matter 0.69 0.58 – 0.81  0.004 28.60 72 52  1.5 0.58

Cerebellum 0.60 0.47 – 0.73  0.136 – – – – –

Lateral ventricles 0.76 0.66 – 0.87 < 0.001  2.56 73 71 2.3 0.38

Inferior lateral ventricles 0.78 0.68 – 0.87 < 0.001  0.18 73 74 2.7 0.36
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