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This study attempted to establish normal values for cerebral white and deep gray 
matter density and total brain density, and to discover how much dilatation of the 
cerebrospinal fluid-containing spaces occurs with advancing age up to 40 years . The 
53 female and 62 male healthy volunteers, 15-40 years old , had been screened to 
exclude individuals with neurologic disease, previous head trauma, congenital or 
acquired heart disease, chronic pulmonary disease and other systemic illness, and 
those who consumed mo-re than small amounts of alcoholic beverages. The computed 
tomography scan data for the 115 subjects were scored subjectively for the severity of 
atrophy. It was found that in both genders there was an increasing frequency with 
advancing age of sulcal widening of the frontal lobes and cerebellar vermis starting in 
the teens. A ventriculo-internal cranial ratio was calculated for 93 subjects who had 
been examined on the EMI CT 1010, the mean value being 0.31 ± 0.08 for females and 
0.33 ± 0 .06 for males. The ratio did not change significantly with age up to 40 years. 
On the same 93 subjects, mean values and standard deviations were obtained for 
normal white matter (30.1 ± 3.5 Hounsfield units (H) for females and 29.8 ± 3 .3 H for 
males) and for normal deep gray matter (33.0 ± 3.3 H for females; 33.2 ± 2.6 H for 
males) and for total brain density (33.9 ± 2.7 H for females; 33.6 ± 2.6 H for males). 

Normal data for brain density and for the dimensions of the ventricular system 
and subarachnoid spaces are required for interpretation of the computed tomog
raphy (CT) scan in patients under investigation for neurologic diseases. A number 
of previous studies of these parameters have been based on the analysis of 
selected normal CT scans performed for diagnostic purposes [1 -6]. There have 
been few studies of normal volunteers [1 , 7-9] and few systematic studies of 
changes associated with aging [1, 2 , 7]. Moreover, previous stud ies of brain 
density were performed with the older water-bag scanning models and there are 
no normal volunteer data from the newer EMI CT 1010 scanners . We report the 
results of a 4 year study of the normal CT scan which began to provide control 
data for a study of patients with demyelinating disease [10]. Data are presented 
on brain density in 93 normal volunteers and lateral ventricular size and sulcal 
widening in a group of 115 normal volunteers 15-40 years old. 

Subjects and Methods 

Volunteers were from various backgrounds, but there was a preponderance of med ical 
and nonmedical professional people, some of whom were sti ll students at secondary or 
tertiary schools. The subjects knew they were participating in a research study ; they were 
not paid and they signed an informed consent form approved by the Human Rights 
Committee of the University of Western Australia. Radiation exposure conformed to the 
regulations of the National Health and Medical Research Council of Australia . Parents gave 
written permission for minors. 

The study group comprised 53 females and 62 males. Their ages are shown in table 1 . 
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A B 

Fig. 2.-A, Grade 0 atrophy 01 lrontal lobes. Barely discernible inler
hemispheric fissure (arrow). B, Grade 1. Anterior end of interhemispheric 
fissure easily seen (arrrow) . C, Grade 2 . Anterior end and middle third 01 
interhemispheric fissure identifiable (arrow). D, Grade 3. Widened in er-
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Fig. 3.-Frequency 01 Irontallobe atrophy in normal males 

radiata and centrum semiovale (fig. 1 D). were chosen from It1e 
printouts of two of the slices. as described by Arimitsu et at. [3l 

Calculations ~ere made on 60- 100 pixels from the cen a of 
each area marked in figure 1 and a mean attenuation coefficiefllt 
and standard deviation was obtained for each area. The nomOOlCllal
lure of levels 3A and 4A in figure 1 has been used il1l al~ oI1hlelf' 
figures and tables for convenience and brevity. Total crail1l dem$iity 
'las obtained by pooling the deep gray and white matter atl€llllll<'l.OOoI11 
coefficients bet '1een 15 and 60 using the E I histogram PI"~ 
lalion of Hoonsfield units and emimating an average value. Catlcwi
lations from printouts and histograms were then done, ~ ibJy 
hand and Jllartly with a PDP 11/40 computer. A curoolf' ",-/<3$ oott 

c D 

hemispheric fissure (long arrow) and lateral frontal $Vlci (arrowheads). This> 
slice. a feVl miffime ers superior 0 A-C. smw/S appearance of remalm"!J 
cortical convexity when affected by gra!le 3 alropfly (short amwl$'. 
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A B 

Fig . 4 .-A, Grade 0 atrophy of cerebellar vermis. Faint groove at posterior 
end of quadrigeminal cistern . Intact vermis (arrow) . B , Grade 1. Anterior and 
posterior limits of vermis and one su lcus (arrow) more clearly visible. C, 
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Fig. 5.-Frequency of vermis atrophy, grades 1 and 2, in normal males (A) and females (B). Numbers in parentheses indicate numbers of subjects. 

TABLE 2: Summary of Brain Density Results with Evans ratio 
[12] 

Gray matter 
White matter 

Area 

Gray / white difference 
Total brain density 
Ventricular span / internal cran ial 

diameter ratio 

Mean Density (H) (SO) 

Females 
(n = 43) 

32.95 (3 .30) 
30.09 (3 .51) 

2.86 (1.97) 
33.93 (2 .68) 

0 .31 (0.08) 

Males 
(n = 48) 

33.23 (3 .21) 
29.75 (3 .30) 

3.48 (2 .04) 
33.55 (2 .57) 

0 .33 (0.06) 

finding (figs. 2 and 3), but none exceeded grade 2. None of 
the other lobes in the supratentorial compartment showed 
any atrophy. Similarly, an increasing frequency of atrophy 
of the cerebellar vermis was found with advancing age (figs. 
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Fig . G.-Distribution of modified Evans ratio for both genders. Downward 
slope not significant. Y intercept = 0.37, 95% confidence interval = 0 .30-
0.43 ; slope = -0.002, 95% confidence interva l = -0.004-0.0008; corre
lation coefficient = -0. 13. 



AJNR:2, January / February 1981 NORMAL CEREBRAL DENSITY AND CSF SPACES 45 

UJ ... -z 
:::> 

0 
..J 

j;: 
UJ 
z 
:::> 
0 
:!: 

A 

45 . 0 

40 .0 

35 . 0 

30 . 0 

25 . 0 

. 
_____ ~ __ ___ • __ JI_~~ __ =- ~ --:. ~- --.!-.-~ - --~- _.-. . .. 

. . . . . ... 

20.0L---__ -r ______ ~----~----~------;_----~ 
15 . 0 20 .0 25 . 0 30.0 35 . 0 40 . 0 

FIVE YEAR AGE GROUPS 

Fig. 7.-0istribution of white (A) and gray (8) matter density with age for 
both genders. Y intercept = 29 .35 (A) and 33.76 (8), 95% confidence 
intervat = 26.2- 32.5 (A) and 30.8-36.8 (8); stope = 0.021 (A) and -0.025 

4 and 5) , but again the severity only reached grade 2. By 
contrast, only nine of the 115 subjects showed any atrophy 
of the cerebellar hemispheres . 

It was found that fewer women showed frontal lobe atro
phy but those who did exhibit this finding tended to have 
grade 2 atrophy more often than men (fig . 3). In our carefully 
selected population , no men or women had grade 3 or 4 
frontal lobe atrophy until age 40 years. Figure 20 shows 
grade 3 frontal lobe atrophy. 

The modified ratio of Evans [12] was found to be 0.31 ± 
0.08 in females and 0.33 ± 0.06 in males (table 2), the 
differences between genders not being statistically signifi
cant . The ratios for the male and female subjects were 
combined and plotted against age (fig. 6) , the slope of the 
li ne not being significantly different from zero at the 95% 
confidence limit. That is, there is no statistically significant 
change with advancing age up to 40 years. The interrupted 
line is the result of a linear least squares fit to all data points. 

Brain Density 

The results are summarized in table 2 . Both males and 
females showed a mean value of about 33 H for deep gray 
matter and 30 H for white matter. Our installation is checked 
once a week and the mean value for a water phantom is 
-3--4 H with a standard deviation of 3-4 H. This indicates 
that the standard deviation of the installation and the deep 
gray / white matter difference are of the same order. There
fore , it is important to perform adequate quality control and 
check drift on a regular basis to be able to continue to 
discriminate white from deep gray matter. 

The values for males and females were then combined to 
assess any change in deep gray or white matter density with 
advancing age (fig. 7). No statistically significant change of 
density with age was demonstrated up to age 40 years. The 
spread of deep gray matter (25-41 H) and white matter 
(24-41 H) was calculated, and from this the deep gray / 
white matter difference for all subjects was found to be 3 .2 
± 2.0 H. Weinstein et al. [1 3] found a gray / white difference 

45 . 0 

40 . 0 
UJ ... 
z 
:::> 

~ 35 . 0 
w 
u. 
UJ 
Z o 30 . 0 
:!: 

25 0 

.. ... . 
-- - ---:- --- -- 1""-:--;. - -:--- - .- - - - -!--.-- __ -- -- . 

.. 

20 . 0L-----, 5-.rO----~20~.~0----~25~.~0----3~0~.~0--~3~5~. 0~--~4~00 
f i VE YE A R AGE GROUPS 

B 

(8), 95% confidence inte rva l = -0.09-0.14 (A) and - 0 .13-0.09 (8) ; co r
rel at ion coe ffic ient = 0 .04 (A) and - 0 .05 (8). 

of 6 H to but his age group were not stated; Arimitsu et al. 
[3] found a difference of 7 H but their subjects were of an 
older average age than in our study. The deep gray / white 
matter difference was plotted against age but again no 
statistically significant change was demonstrated (fig. 8) . 

A histogram was then prepared of all the EMI values on 
slices 3A and 4A by the EMI CT 1010 computer. From our 
initial calculation for white and deep gray matter densities, 
obtained manually from the printouts, values below 15 H 
and above 60 H were excluded as not representative of 
brain but the range chosen still would have included some 
pixels representing extracranial soft tissues. The mode, 
median, and average brain density values were calcu lated 
manually from the EMI numbers retained on the histogram 
that had been produced by the computer. For 3A the modes 
were 23-41 H; average, 30.8 ± 3.4 H. The medians were 
25-40 H; average, 31 ± 3.0 H. The average total brain 
densities were 28-41 H; average , 32 ± 3.0 H. On the 4A 
slice the modes were 24-42 H; average, 32.0 ± 4.0 H. The 
medians were 27-43 H; average, 34.0 ± 3.0 H. The aver
age total brain densities were 30-43 H; average, 36.0 ± 
3.0 H. The averages for levels 3A and 4A were summated 
to obtain total brain density: range , 29-40 H; average, 34 .0 
± 3.0 H. Again the values for total brain density were plotted 
for each of the subjects against age (fig. 9). No statistically 
significant change with age until 40 years was found . 

Our findings were compared with those of Reese et al. 
[2]. They found a slight but not significant downward slope 
for total brain density with advancing age between 21 and 
90 years (fig. 10). By combining the 93 subjects in our 
series with the 100 subjects of Reese et aI., it can be stated 
that between ages 15 and 90 years no change in total brain 
density is discernible by CT, whether using the EMI CT 
1010 (as in our series) or the old water-box unit of Reese et 
al. 

Discussion 

In the supratentorial compartment, it appears that only 
the frontal lobe shows demonstrable shrinkage under age 
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40 years. Therefore, the finding of sulcal widening in other 
regions of the cerebral hemispheres may be regarded as 
pathologic. Some atrophy of the cerebe llar vermis can oc
cur, but it is very infrequent in the cerebellar hemispheres, 
so that the finding of widened hemispheric sulc i should 
again suggest a pathologic disturbance. While evidence of 
shrinkage of brain substance was obvious from the progres
sing prominence of the subarachnoid spaces, the ratio taken 
as Evans ratio at the level of the frontal horns remained 
unchanged . If the ratio does change with age it must do so 
after age 40 years. 

Zatz [14] described how the original conclusions favoring 
the ratio, rather than the bifrontal span alone, were based 
on an error in the calculations. However, we are satisfied 
with the ratio of bifrontal span: internal skull diameter at the 
level of the frontal horns and find that it is a constant with 
advancing age in normal subjects. In 180 patients and 20 
volunteers, ages 10-81 years, Hahn and Rim [15] found 
that the bifrontal span was 28% of the internal cranial 
diameter at 15 years of age and 31 % at 70 years , so there 
was a very slight change with advancing years . Their final 
conc lusions were that a maximum bifrontal diameter greater 
than 40% of the internal cran ial diameter and less than 18% 
is highly suspicious of abnormal ventric les. 
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Fig. 10.- Comparison of our values fo r total brain density in the 15-40 
year age group wi th those of Reese et al. [1] in the 21 - 90 year group. Each 
parallelogram contains 96% of the ind ividual data points, the upper and lower 
edge being 2 SO from the mean of the data. 

Meese et al. [16] , who used the external skull diameter at 
the level of the frontal horns: bifrontal ventricular span 
(frontal horn index) in 170 individuals, 6 months to 71 years 
old , found a ratio of skull : ventricles of 4 or an inverse ratio 
of 0 .25 until age 40 years . Thus our population had slightly 
larger ventricles at 0.3 but this may be accounted for by the 
use of the internal skull diameter. 

Our results for brain density are comparable to those 
found in previous studies [1-3]. Our deep gray / white matter 
difference of 3 .2 ± 2 .0 H is lower than that reported by 
Arimitsu et al. [3], but their subjects were of an average 
older age. Since there is such a small difference between 
white and deep gray matter density values in normal sub
jects, any unusual change (outside the standard deviation 
for the machine) may suggest pathology and may be valu
able in the diagnosis of diseases of white or deep gray 
matter [3]. 
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