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Abstract—Biomechanical properties of the human skull affect its dynamic tensility (pliability or
compliance) at changes of intracranial volume and pressure (ΔV/ΔP ). The work substantiates a pos
sibility of noninvasive and dynamic evaluation of cranial compliance by synchronous recording of
transcranial dopplerogram of middle cerebral artery and cranial bioimpedance that provides infor
mation about pulsative changes of intracranial pressure and volume, respectively, with subsequent
computer pattern and phasic analysis of these processes. The characteristic peculiarities of the cra
nial compliance at rest and during action of functional hemo and liquorodynamic tests were traced
in people of the middle (40–50 years) and elderly (70–85 years) age groups as compared with the
young group (20–30 years). A relative decrease of this parameter has been revealed in the middle
age group due to an increase of rigidity of skull bones and ligaments, which indicates a decrease of
tolerance of the intracranial circulatory system. However, in the group of 70–85 years the compli
ance parameters rose due to an increase of intracranial liquor volume and activation of liquor circu
lation inside the craniospinal space, which is a compensatory mechanism for maintenance of the
adequate brain circulatorymetabolic activity.
DOI: 10.1134/S0022093008050101
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INTRODUCTION
Study of mechanical skull properties, based on
determination of interrelations between the vol
ume of the cranial content and intracranial pres
sure (P—V) is of multiplan interest and long has
attracted attention of researchers [1, 2]. However,
no marked progress in this aspect has been achieved
so far due to methodical difficulties. Indeed, to
determine the cranial P—V, it is necessary not only
to measure invasively the intracranial pressure, but
also to administer into the skull the fixed volumes
of a liquorsubstituting fluid, which is admissible
only during neurosurgical interventions.

For several years, to study the cranial P—V,
methods of mathematical modeling were applied;
based on results of individual measurements, they
allowed revealing some regularities of the skull bio
mechanics and introducing the notion of cranial
pliability as of an important property of this com
plex structural system [3, 4], which is known in
publications under the title of cranial compliance
(CC).
Only recently a possibility has been shown of a
noninvasive determination of the skull P—V by
using MRItomography [5, 6], the most efficient
turning out to be the approach, in which the con
trast MRI was combined with modeling [7]. Be
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invasive determination of interconnection of P–V
and calculation of the skull compliance in differ
ent phases of the pulse cycle. Taking into account
the abovesaid, the present paper describes results
of using combination of the TCDG and REG
methods to evaluate the skull biomechanical prop
erties and their peculiarities in the agerelated as
pect. Since the methodical approach used in the
present study is novel, its description below will be
paid a particular attention.
MATERIALS AND METHODS

Fig. 1. Division of cardiac cycle according to data of
standardized pulse curves of TCDG and REG (1 ) into
phases: phase of elastic expansion (A), phase of com
pensation of CSF and blood volume in the cranial cav
ity (B), and phase of blood ouflow from the skull (C),
their computer processing (2 ), and transformation into
the dependence ΔV /ΔP (3, 4 ). Explanations are in the
text.

yond any doubts, such approach gives good results,
but its use is quite limited, as each such most ex
pensive MRIstudy is unique.
At the same time, there is a possibility of devel
oping the method of estimation of the skull P–V
and of determination of its CC, which is available
for a wide use both in physiology and in clinical
practice. This method is based on simultaneous use
of two noninvasive methods—rheoencephalogra
phy (REG) and transcranial dopplerography
(TCDG), with subsequent analysis of their com
bined dynamics in the course of the pulse cycle by
combination of the pattern and phasic methods.
Such combined patternphasic analysis of trigger
waves of these parameters, in turn, allows the non

P–V and the cambial compliance were deter
mined from results of simultaneous recording and
combined analysis of TCDG recorded in the base
of the middle carotid artery (MCA) and of REG at
the ipsilateral frontomastoid position of electrodes,
which provides information about the volume
changes in the basin of the same artery. In the stud
ies, we used the methodical complex that we de
scribed earlier [7–10]. The CC study was per
formed at the cardiac cycle period, as pulse oscil
lations of arterial pressure produce multiplan
changes of the relation of volumes and pressures
of liquid media in the skull. This approach was al
ready used successfully at studying intracranial
hemoliquorodynamics [11, 12].
Based on our accumulated experience [8, 11] for
analysis of detection of the CC peculiarities, the
cardiac cycle was subdivided into three phases,
each differing by peculiarities of the ratio of the
intracranial hemoliquorodynamics (Fig. 1).
The first phase, CCe, is the phase of elastic skull
stretching, which represents a time period from the
beginning of the pulse elevation of TCDG and
REG to achievement of maximal TCDG values
(Fig. 1, 1A), the rise of TCDG in adult people al
ways being ahead of the REG rise [11]. At this time
period, the volume of blood inflowing into skull is
determined exclusively by its biomechanical prop
erties including the articular mobility of cranial
bones in their junction places [13, 14], elasticity of
brain meninges, and biomechanical peculiarities
of other structural skull components, which is re
flected in relations of dynamics of REG and
TCDG dependences. The REG changes at the
anacrota period correspond to a pulse increment
of the intracranial blood volume, whereas the
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Fig. 2. Principle of calculation of values of CC (m ± St. Dev., n = 15) for various cardiac phase cycles (A, B, C) in three
age groups of examinees. Age groups (years): (a) 20–30, (b) 40–50, (c) 75–85. Other explanations are in the text.

TCDG changes reflect an elevation of the intrac
ranial pressure initiated by a rise of the blood vol
ume in the skull.
The second phase, CCc, is the phase of compen
sations. It represents a time period between the
maximal TCDG and REG values (Fig. 1, 1B),
which is determined by a change of ratio of vol
umes and pressures of liquid media (blood and
cerebrospinal fluid, CSF) in the skull at the given
time period. It is important that at this time peri
od, the recorded parameters often change to op
posite directions and nonproportionally.
This fact indicates that at this time period of the
cardiac cycle, compensatory CSF overflows occur
in the very skull cavity and between cavities of the
skull and the spinal column. If maximal values of
the TCDG and REG pulse waves coincide, this
means that the compensatory CSF overflows ei
ther are absent or are not revealed by the used pro
cedure.

The third phase of the cardiac cycle, CCo,—from
the beginning of a decrease of REG to completion
of the cardiac cycle characterizes the blood out
flow from the skull (Fig. 1, 1C). Participated in this
phase, apart from the cardiac output energy, are
respiratory pressure changes in the system of the
superior vena cava; therefore, depending on the
respiration phase, the REG levels in the beginning
and end of the cardiac cycle often do not coincide.
This means that depending on respiration phase,
some blood volume can be left in the cranial cavi
ty, which agrees with results of MRIstudies [6].
Thus, from positions of the concept of CC, the
cardiac cycle can be presented as three components
shown in graphs (Fig. 1), each formed by different
factors.
An important step determining eventually the
possibility of using in practice the data about pe
culiarities of TCDG and REG dynamics at the
cardiac cycle period is standardization of the pro
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cess of treatment of the obtained data. This is the
only possible way to provide the compatibility of
results of studies not only in different people ex
amined under similar conditions, but also in the
same person in different organism states.
The process of analysis of results obtained using
the simultaneous TCDG and REG recording was
standardized with aid of possibilities of the soft
ware Chart 5..2,6, Chart 3.52 ACP PowerLab4
and consisted in three stages.
(1) First standardized were the chosen for anal
ysis of initial pulse waves of TCDG and REG. The
criterion for choice of the pulse waves character
izing state of the studied system (rest, action of
functional tests, etc.) is the absence of any artifacts
on the chosen curves, which is reflected in their
similarity with neighbor pulse cycles with the same
initial background and respiration phase. The pro
cess of standardization of the TCDG and REG
pulse waves by amplitude and duration of the
TCDG and REG pulse curves, of which result is
presented in Fig. 1, 1, was described in our previ
ous publications [8, 11].
(2) Further, the aboveidentified three phases of
the pulse cycle were presented as individual graphs
with P—V coordinates, with identical scale on the
ordinate axis, while the abscissa axis scale was made
the same, i.e., standardized regardless of the real
duration of some particular cardiac cycle phase
(Fig. 1, 2 ).
(3) Then each of the graphs (Fig. 1, 2 ) was trans
formed into the TCDG—REG dependence, which
corresponds to the P—V dependence; for unifica
tion of the presented data, the ratio of the coordi
nate became equal to 1.0. Thereby each of the ob
tained graphs represented the P—V dependence for
each cardiac cycle phase in comparable coordi
nates (Fig. 1, 3 ). With such way of presentation of
the obtained data, it is possible to determine CC
for each of the above phases of the cardiac cycle.
In the phase of the elastic skull stretching, CCe
can be determined from results of measurement of
the slope angle of the straight line approximating
the TCDG—REG dependence in this cardiac cy
cle phase. This is admissible, as deviations from the
real dependence of these parameters from the
straight line are insignificant and seem to be de
termined by random factors. In Fig. 1, 3, and
Fig. 2, these straight lines are presented as the lines

with arrows indicating direction of the ΔP change
in this particular graph.
In the second cardiac cycle phase, the ratio ΔP/
ΔV already depends not on the biomechanical skull
properties, but on compensational overflow of
CSF, its volume, and conductivity of liquor circu
lation pathways as well as on regional changes of
the cranial blood filling. The phase of compensa
tory CSF overflows can represent a fragment of a
curve of quite different configuration that is deter
mined by peculiarities of the ratio of volumes and
pressures of liquid media—blood and CSF in the
cranial cavity and is expressed in the CCc parame
ter. The CCc parameter can change within wide
limits.
Here the extreme cases are, first, the presence
of changes of Vc with unchanged ΔPc and, second,
the presence of ΔPc with unchanged ΔVc. The
former indicates redistribution between the blood
and CSF volumes in the cranial cavity without
changes in the intracranial pressure, while the lat
ter—an active replacement of CSF from the cra
nial cavity into the cerebrospinal space due to an
elevation of the intracranial pressure, with the ra
tio of the blood and CSF volumes in the skull re
maining unchanged. Corresponding to the first
case is the value of ΔV/ΔP > 1.0, while to the sec
ond case—ΔV/ΔP < 1.0. The intermediate position
is occupied by the situation when ΔP and ΔV are
equal and the ΔV/ΔP ratio amounts to 1.0. This
indicates the absence of any compensational liquo
rodynamic processes.
The third phase is characterized by return to the
initial value of blood and CSF volumes in the skull.
Therefore, this dependence in the Vo—Po coordi
nates represents a monotonously descending curve
that also can be approximated by the straight line,
the informational parameter for CCo serving the
slope angle of the approximating straight line.
The data presented as three individual graphs on
the ratio of parameters of the simultaneous TCDG
and REG recording in the chosen cardiac cycle
phase (Fig. 1, 3 ) can be grouped and present as the
summarized graph. This needs, in turn, corre
sponding transformations of abscissa axes of these
graphs, as each of the graphs in Fig. 1, 3, is calcu
lated independently.
Indeed, in the beginning of each coordinate sys
tem (Fig. 1, 2 ) there are values presented on axes
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of the graphs. However, if this is acceptable for the
ordinate axis, it is not for the abscissa axis, as
whereas on the graph of the Fig. 1, 3A, the pres
sure (Pe) rises from the initial level to its maximum
value, on the graphs of Fig. 1, 3B, and Fig. 1, 3C,
it decreases from the maximum value to its initial
value. If on the graph of the Fig. 1, 3B, the pres
sure (Pe) decreases insignificantly, within the lim
its between the maximal REG and TCDG values,
on the graph in the Fig. 1, 3B there occurs the main
fall of the pulse pressure (Po) to the initial value.
Therefore, for the possibility of comparing the
abovepresented cardiac cycle phases, direction of
abscissa axes of the graphs in Fig. 1, 3B, and Fig. 1,
3C is to be changed to the reverse in order to them
corresponding to direction of abscissa axes of the
graphs in Fig. 1, 2.
This is not difficult to perform using the soft
ware MacintoshG4 (OS10.4) Canvas 6–10. Re
sults of such transformation are shown in Fig. 1, 4.
As a result, the scale of ΔP on the abscissa axis in
the graphs is nonuniform by its value and direc
tion: initially the ΔPe value gradually rises to reach
maximum at the maximal value of the TCDG pulse
wave (Fig. 1, 4A). Then Pc in the phase of com
pensations somewhat decreases (Fig. 4, 1B) and
returns to the initial level in the phase of blood
outflow from the skull (Fig. 1, 4C). In other words,
Pe in the graph of the Fig. 1, 4A, increases from
the initial to the maximal level, while in the graphs
of Fig. 1, 4B, and Fig. 1, 4C, the pressures Pc and
Po decrease. As a result, the initial or zero Pe value
(Fig. 1, 4A) is located on the left, while at the end
of the cardiac cycle, Po (Fig. 1, 4C) it is on the right.
The abovepresented transformation allows
combining the graphs representing peculiarities of
the P—V dependence for the system of skull at var
ious cardiac cycle phases that characterize chang
es in its internal volume both due to the biome
chanical cranial properties and due to systemic
processes—changes of the volume ratio of blood
and CSF in the skull and the CSF overflow into
the spinal cavity. Such transformation also allows
introduction of the measurement unit common to
all CC constituents. Indeed, since in graphs A and
B of the Fig. 1 the obtained dependence can be
approximated by the sloped straight line, while the
total appearance of the P—V dependence is close
to that of the tangential straight line [2], the most
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acceptable for expression of CC can be the value
of tangency of the slope angle of the approximat
ing straight line. CCe can be expressed numerical
ly as tangency of the slope angle of the approxi
mating straight line Tgα (Fig. 1, 4A), while for
CCo, due to a change in the abscissa axis orienta
tion in this graph, the numerical value of CCo will
correspond to Tg (180° – β). The numerical CCo
value will correspond to the ratio ΔV c/ΔPc in the
graph of the Fig. 1, 4B.
To better characterize the parameter important
for understanding of ways of compensation of the
systolic blood volume in the skull, it is also worth
indicating, together with the ΔV /ΔP ratio, the ΔPc
value in this cardiac cycle phase as the ratio of the
ΔPc value in the graph of the Fig. 1, 4B, to the ab
scissa axis value of this graph, restricted by the
maximal ΔP value at the moment of maximum of
the TCDG pulse wave (ΔPp max A) and the ΔP
value at the moment of the maximal REG value
(ΔPp max B).
It is to be emphasized that the aboveconsidered
dependences relate only to the fragment of the to
tal P—V curve determined by the value of the ar
terial pressure pulse change. Meanwhile, there is a
possibility of enlarging the boundaries of this curve
fragment, which can be realized by using functional
tests affecting various parameters of the intracra
nial hemoliquorodynamics. Thus, the ratio of vol
umes and pressures of intracranial liquid media can
be changed by a respiration delay for 20–30 s,
which increases the intracranial arterial blood vol
ume and suppression of liquorodynamic process
es. An increase of the CSF volume and pressure in
the skull can be caused by pressing on the abdom
inal area, which increases the blood filling of ver
tebral venous plexuses and initiates the CSF out
flow into the skull (the Stuckey’s test) [14]. The
brief respiration delay during a deep inspiration
decreases, while during the deep expiration—in
creases the skull venous blood filling [15]. It is also
possible to use other functional tests, for instance,
those of Valsalva and Kwekkenstedt, and orthos
tatic tests.
To find out the actual significance of the above
expressed considerations about the noninvasive
and dynamic monitoring of the ΔP—ΔV ratio for
skull and its peculiarities at various phases of car
diac cycle, 60 healthy people aged from 18 to
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55 years were examined. At the examination, the
patients were in the horizontal position with closed
eyes. The REG electrodes, 3 cm2 in area, were
applied frontomastoidally, while TCDG was re
corded in the basis of the middle cerebral artery as
a rule via the temporal “window” in the skull. In
some cases in elderly people the TCDG recording
was performed via the orbital “window.” After re
cording of the background for 1 min there were
recorded 5–7 cardiac cycles on the background of
the deep inspiration and expiration and after 2–
3 min—at the 30s delay of respiration and 2 min
later the Stuckey’s test was performed for 20 s. To
analyze changes of the TCDG and REG ratio on
the background of functional tests, pulse cycles
were chosen in the beginning of the Stuckey’s test
(2–4 s) to reveal effect of primary changes of li
quorodynamics. At the delay of respiration, the
pulse cycles were taken for analysis before the end
of the test. Recordings were performed mainly
from the right hemisphere, but in several cases,
when the hemispheric asymmetry could be expect
ed, the recording with use of all enumerated tests
was done both to the right and to the left.
The results were expressed as the mean ± the
standard deviation (x ± Sx ).
RESULTS AND DISCUSSION
Data of determination of CC components in
various phases of the cardiac cycle indicate that
values of these parameters vary within significant
limits if to summarize the results obtained in all
examined people in the quiet state. Thus, the CC
value is within the limits from 0.52 to 1.23 to
amount, on average, 0.71 ± 0.14 (n = 60), while
the CCc value fluctuates from 0.23 to 1.90, on av
erage, 0.66 ± 0.2 (n = 60). The ΔP values amount
to from 0.10 to 0.70 rel. units, on average, 0.32 ±
0.14 (n = 60). The CCo parameter changes rela
tively less—from 1.15 to 1.38, on average, 1.23 ±
0.06 (n = 45). Values of the linear blood flow rate
for the examined persons at rest are within the lim
its from 26 to 98 cm/s to amount, on average,
56.6 ± 17.1 cm/s (n = 45).
These figures show that values of the CC com
ponents as well as the blood flow rate in the middle
cerebral artery vary significantly in different peo
ple. Therefore, to get an idea of the boundaries of

their physiological norm, it is reasonable to group
the examined persons by some sign; the most ac
ceptable among those seems the agerelated one,
as with age there are changed biomechanical skull
properties, liquorodynamic processes, and cerebral
blood flow.
Taking into account our earlier obtained data [8,
11], it follows that due to peculiarities of intracra
nial hemoliquorodynamics the most interesting is
comparison of the CC component values in the
younger (20–30 years), intermediate (40–
50 years), and older (70–85 years) age groups. In
deed, differences in the CC component values at
rest in these age groups differ essentially from each
other (Fig. 2), but vary less within the limits of one
age group. This follows from the CCe and CCo
values shown in the graphs (Figs. 2A, 2C), in which
the P—V ratio is expressed as the approximating
straight line with an arrow that also is of informa
tive significance, like in Fig. 1, and dispersion of
data of individual determinations of CC compo
nents is shown as drafted zones around the arrows.
The CCc differences in the chosen age groups
change within the wider limits, as compensatory
liquorodynamic processes can be realized by dif
ferent ways. This is reflected in that the Vc—Pc
dependences can have quite different appearance;
for their approximation the most suitable is a rect
angle with the sides reflecting the mean ΔVc and
ΔPc values (Fig. 2B). The rectangle sides corre
spond to dispersion of data of different studies
within one age group, while the ΔVc/ΔPc ratio cor
responds to CCc. The ΔPc value also varies essen
tially in different measurements regardless if CCc,
which confirms its independent informational sig
nificance.
A high variability of CCc and Pc indicates a com
plex character of CSF overflows in the considered
phase of the cardiac cycle, and all peculiarities of
these overflows cannot be revealed by the used
combination of methods of TCDG and REG due
to the comparatively low resolution capability of
each of these methods, as the studied area of the
cranial cavity is sufficiently expanded.
This is confirmed by the studies carried out with
aid of the phasecontrast MRItomography, which
allow identifying three kinds of CSF circulation at
the cardiac cycle period: circulation in the area of
cerebral ventricles, in the skull subarachnoid space,
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and between skull and the spinal space [16].
Meanwhile in our performed studies, all three
phases of the liquor circulation are summated.
Therefore, the presented here CCc and Pc values
are to be considered complex parameters of com
pensatory CSF overflows.
The data presented in Fig. 2 show that in the
middle age group the CCe values have the lowest
values as compared with other age groups. This
means that with age, the cranial cavity pliability
that consists in the ability to provide an additional
systolic blood volume decreases until a certain age,
but further this parameter rises again. Most likely,
CCe decreases as a result of an increase of rigidity
of junctions between skull bones, which decreases
their articular mobility and, hence, reduces a pos
sibility of pulse change of the skull pattern in spite
of a rise of compensatory liquor overflows (which
is indicated by an increase of CCc and Pc). As a
result, tolerance of the system of intracranial
hemoliquorodynamics in the middle age group on
the whole decreases [8, 11]. This is manifested in
that in the older age group, an increment of the
CCc and Pc values is observed, which indicates a
rise of activity of compensational liquorodynamic
mechanisms.
The values of CC components in all age groups
were found to depend on the state of the intracra
nial hemoliquorodynamics. Thus, at action of
functional tests aimed at increasing blood filling of
the cranial cavity both due to a rise of the venous
blood filling of the skull in the expiration phase)
and at a decrease of the brain arterial tone (the de
lay of respiration), CCe somewhat increases, while
at the CSF inflow into the cranial cavity (the Stuck
ey’s test) it decreases (Fig. 3).
However, these changes are relatively not prom
inent and are close to those proportional in all age
groups. This indicates that the vascular and liquor
systems do not play the key role in formation of
CCe.
Much greater changes at action of functional
tests involve the parameters recorded at the period
of the middle phase of cardiac cycle (Fig. 4). The
most marked CCc changes are observed at the de
lay of respiration and in the Stuckey’s test in the
younger and intermediate age groups, the P c
changes being in the opposite direction with respect
to the CCc changes. This indicates that the liquor
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Fig. 3. Values of CC (m ± St. Dev., n = 15) in various
age groups at rest (1 ), at the deep inspiration (2 ), at
delay of respiration (3 ), and in the Stuckey’s test (4 ).
(a)–(c) As in Fig. 2.

Fig. 4. Components of CCc and ΔPc (m ± St. Dev., n =
15) of the phase of compensation of liquid media in the
skull. Designations are as those in Figs. 2 and 3.

volumes and pressures in the compensation phase
are intercorrelated, i.e., ratios of blood and CSF
volumes in the cranial cavity change. In the mid
dle and young age groups the CCc response to the
Stuckey’s test exceeds 1.0. This indicates the prom
inent CSF inflow into the skull and accordingly a
decrease of cerebral blood filling. The lowest
changes of the studied parameters at functional
tests are observed in the oldest age group. This
seems to be a consequence of a decrease of brain
vessel elasticity and of conductivity of craniospi
nal liquor spaces.
The CCo values at rest, which are the highest in
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Fig. 5. Phase of blood outflow from skull in various age
groups (CCo). Designations are as those in Figs. 2 and 3.

the middle age group, somewhat decrease at facil
itation of the blood outflow from the skull (a deep
inspiration) and rise with increase of the cranial
arterial blood filling and at an increase of the CSF
volume. Relatively lower changes are observed in
the older age group (Fig. 5). These data indicate
the CCo formation to be based on interaction of
pressures and volumes of intracranial liquid me
dia—blood in intracranial veins and CSF in liquor
spaces. A rise of arterial blood filling at delay of
respiration promotes interaction of these volumes.
Comparatively similar CCo values at rest in all age
group indicate relative stability of mechanisms of
blood outflow from skull regardless of age.
The abovepresented data indicate that during
the cardiac cycle a complex of changes occurs in
ratio of volumes and pressures of liquid media (ar
terial, venous blood and CSF) in the cranial cavi
ty. This process depends essentially on biomechan
ical properties of the skull as a complex structural
system. In various cardiac cycle phases the effect
of the cranial biomechanics is different. Thus, the
cranial pliability is the most prominent in the first
cardiac cycle phase, therefore changes of the P—V
interconnection in this phase represent an impor
tant parameter of the state of this system—its pli
ability that provides a possibility of accommodat
ing the pulsed blood inflow to the skull and, hence,
is responsible for the circularmetabolic provision
of the brain activity. The latter is much associated
with agerelated changes of the skull properties,
which is manifested in CCe changes, and this needs
the corresponding compensatory CCc and CCo
changes.

It is important to emphasize that that the age
related changes of the CCe parameter are the low
est in people of the middle age group.
This fact is of interest both in the fundamental
and in the applied aspects. A CCe decrease can be
understood as a consequence of a decrease of the
skull reserve volume possibilities due to a decrease
of the articular mobility of skull bones with age.
This is accompanied by an agerelated decrease of
the cerebral blood circulation due to development
of atherosclerotic processes. As a result, conditions
for the brain tissue circulationmetabolic provision
turn out to be the least favorable. So far it is hard to
evaluate the age frames for this unfavorable situa
tion, the number of examined people is compara
tively small. It is also unclear what the significance
of additional factors is, for instance the effect of
gender. Therefore, the abovepresented data are
to be considered as the preliminary ones, and this
problem merits further special serious study.
Non less interesting is the elucidation of what
causes a CCe rise at the older age. One of several
explanations can be based on the fact of marked
reduction of the brain mass with age. Indeed, MRI
studies have shown reliably that after 50–55 years
the cerebral substance mass decreases gradually,
approximately by 0.7% per year [17–19]. This
means that the volume of spaces filled with CSF
participating actively in compensation of changes
of liquid media volumes in the cranial cavity in the
older age group can increase by 50–60 ml, which
is comparable with the total CSF volume in the
skull in norm. It is to be noted that formation of
age–related CCe changes can also be affected by
biomechanical properties of the brain vascular sys
tem; however, contribution of this factor seems to
be insignificant, as no effect of age difference on
functional vascular tests has been revealed.
The data presented in this paper also are a proof
for a possibility of noninvasive and repeated de
termination of the cranial compliance and of its
components, each of them has its own indepen
dent informative significance. Thereby there is a
possibility of tracing changes of this parameter in
dynamics, specifically, on the background of ac
tion of functional tests and at other different ac
tions. At the same time, it is to be noted that the
proposed method has the considerably lower pre
cision than the methods based on the phasecon
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trast MRItomography. Thus, the resolution ca
pability of the abovedescribed procedure is lower
and it does not allow tracing in dynamics some
peculiarities of liquorodynamics, as this can be
done with aid of the phasecontrast MRItomog
raphy. However, the simplicity of the considered
procedure and a possibility of the manytime rep
etition of studies are its doubtless advantages,
which makes the abovedescribed method of de
termination of the cranial compliance quite com
petitive in comparison with MRITmethods.
The abovepresented data clearly show some
specific agerelated peculiarities of CC and of its
components, specifically a decrease of CCe and
CCc in the middle age group. In practical aspect,
this is to be taken into account when developing
ways of prevention and treatment of manifestations
of dysfunctional disturbances of intracranial hemo
liquorodynamics, which begin to develop in this
age group on the background of agerelated chang
es of biomechanical cranial properties.
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