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The organic properties of the edentulous ridge and

the functional roles of denture
Eiichi Nagaoka

Department of Oral and Maxillofacial Prosthodontics,
Field of Oral and Maxillofacial Rehabilitation, Course for Advanced Therapeutics,
Kagoshima University Graduate School of Medical and Dental Sciences,
8-35-1 Sakuragaoka, Kagoshima 890-8544, Japan

Abstract

The periodontal tissue, the structure of which has biomechanical suitability, changes reversibly by
regenerating the bone by periodontal treatment. However, the structure of the edentulous ridge could be
regarded as biomechanical unsuitability because of changing irreversibly with progressive bone resorption.
To prevent residual ridge resorption, the submergence of root in the alveolar socket and the insertion of
hydroxyapatite ceramic implants into the extraction socket are effective. Moreover, the use of solid type
ceramic implants is more effective than the particle type.

In the application of removable partial dentures, the thickness and density of the trabecular bone
surrounding the tooth are greater in the tooth-bone type than in the mucosa-bone type. Likewise, the bone
resorption at the top of edentulous ridges is greater in the mucosa-bone type than in the tooth-bone type.
Accordingly, the reconstruction of the atrophied edentulous ridge requires biomaterials, including
hydroxyapatite granules, which are useful to reconstruct the maxillary atrophied ridge with the flabby gum.
This method is effective to recover the ridge shape and the masticatory function. Therefore, it is important
for the denture to be supported by the ridge.

The results of our study on the influence of cross-bite arrangement of complete dentures as related to
the bone resorption on pronunciation suggested that pronunciation disorders could be improved over time
with denture use. As for the role of the artificial tooth arch (ATA) during swallowing in edentates, the ATA
facilitated the function of the tongue to perform skilful movements in food translation during swallowing.

Key words: organic property, edentulous ridge, bone resorption, role of denture, oral function
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Abstract

It is recognized that wear processes of dental restorative materials may be related in part to surface
fatigue. One of the major limitations to the use of posterior restorative materials has been localized
material loss in contact areas, due to fatigue. Despite this clinical problem it has been difficult to devise
a method which is suitable for the study of the surface fatigue of restorative materials in-vitro. The purpose
of review here was to report a method, a rolling-ball device (RBD), for the study of surface fatigue of
restorative materials with the following design criteria: The method should produce loss of material by
surface fatigue, not bulk fatigue, and to discuss its application to dental materials using a RBD for

producing surface fatigue.

Key words: Restorative materials, Surface-contact fatigue, Rolling-ball device (RBD), 3D profile, SEM

1. Introduction loading. These methods, though providing some useful

In many studies of fatigue testing for dental materials, information about the test materials, suffer some disadvan-

methods used previously include compressive fatigue'™
and flexural fatigue’™ which involve testing cylindrical or
beam specimens of materials to destruction through cyclic

tages. Namely, the bulk failure observed when specimens
undergo catastrophic failure may not be related to loss of

surface material by “fatigue wear”.
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Other approaches have involved the application of
multiple compressive forces onto the surfaces of test
materials in order to produce surface (as opposed to bulk)

degradation®”

. In these experiments the fatigue characteristics
were assessed indirectly by observing cracks and damage
zones on the sectioned surfaces of the test specimens. A
similar method'” has been used to induce marginal defects
in composites through a fatigue mechanism.

Therefore, a method of producing and evaluating
surface fatigue using a rolling-ball device has been devel-
oped. The method is based on the principle of “rolling b
all” applying cyclic loading onto the surface of a test speci-
men, and involves constraining a rolling ruby ball between
the “V” groove of rotor and the test specimen. Surface fail-
ure is detected by the development of a “fatigue track”. In
this review, the methods, RBDs were compiled, and the re-
sults of its application to dental materials were compared.

2. Experimental procedure
2-1. Rolling-ball device (RBD)

The rolling-ball surface fatigue device is shown in Fig.
1, designed by McCabe et al.'>'".
balanced beam which is constructed from a quartz rod

It is consists of a

pivoted at a frictionless stainless steel hinge. The specimen
holder is located at one end of the balanced quartz beam
and this is counterbalanced by weights at the other end of
the beam. The other main component of the equipment is
the electric motor which is used to drive a “V” grooved
stainless steel rotor.

The rolling ball is constrained between the “V” groove
of the rotor and the test specimen surface resulting in three
point contacts (2 contacts with the “V” groove of the rotor
and one with the specimen surface). This ensures that the
ball rolls and does not slide during testing. The load on the
ball during testing was determined by the position of the
counterweights on the balanced beam. After setting up the
equipment the counter weights were moved to a position
such that a predetermined load was transferred to the rotor-
ball-specimen assembly. The test load was confirmed
using a calibrated load-cell. The speed of rotation of rotor
and the ball were determined using two methods. Firstly, a
stroboscope was used to determined the rotational speed of
the rotor (a dab of white paint was used to facilitate this
procedure) and the speed of the rolling ball as it completed
a circuit of the “V”-groove rotor and specimen surface.

[ B
E= =
Electric é—-—r Drill stand
]
motoer @ﬁ‘ l Z * Quartz rod
=F C Load
_—
g i

Frictionless
hinge

PTFE mounting jig

Fig. 1 Line diagram of the rolling ball surface fatigue apparatus.

Secondly, a digital tachometer was used to confirm the
speed of rotation of the rotor and to eliminate any harmonic
effects of the strobe light.

2-1-1. Test procedure

The specimen holders, containing the test specimen,
was located at one end of the balanced beam. Its position
was fixed through two pins which pass through the holes in
the specimen block and into the PTFE mounting jig (Fig
1). The specimen was leveled using a spirit level and the
test load (200g) established through altering the position
of the counter-weight. A 2 mm diameter ruby ball was
located between the test specimen surface and the “V”
groove of the rotor. A distilled water drip was used to wet
the specimen surface during testing. The rotor was
switched on and the rotor and ball set to rotate at a pre-

determined speed (the ball completes 17 rps).

2-1-2. Fatigue track depth determination

At regular intervals during testing the motor was
switched off and the specimen removed from the test rig for
evaluation.  Profilometry was performed in order to
determine the depth of any fatigue track which had
developed. Having previously determined that the profile
results were reproducible at different sectors of the fatigue
track, the standard evaluation procedure was to profile each

specimen twice at 90° and resulted in four equidistant
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determinations of fatigue track depth. The profiling
instrument had a maximum Z displacement of 200 um and
was accurate to -0.1 pm. After profiling, the specimen was
replaced on to the equipment for further testing. The
fatigue life was defined as the time (number of cycles) up
to the point where surface degradation occurred. It was not
easy to precisely determine this point and so the time to
produce a track depth of 5 um was used in order to com-

pare materials. This point was determined by interpolation.

2-2. A modified RBD

Figure 2 shows a modification of rolling-ball test
device™™. In the modified instrument loading is performed
through a dead weight applied through a pulley as opposed
to a beam device which was designed previously by
McCabe et al.. The principle of operation is illustrated in
Fig. 2. The rotor and specimen holder were maintained in
rigid alignment to avoid the introduction of bending or
twisting forces. The ball, which was constrained between

Ruby ball (2 mm) Il‘:lg Dirip.of wator
'.I o feas .._. Eu“ﬁﬂ!

Fig. 2 Schematic representation of RBD apparatus. The
contact load W is equivalent to the applied load.

/—
- Ruby ball
-
(Specmmen
W: Appbed load
F: Foctional oree m
Thine-sliding: £3
W P: Resultant force

Fig. 3 Schematic representation of composition of forces
between rolling-ball and specimen surface.

the V groove of the rotor and the test material surface, was
set to 720 rpm through a motor which was connected to the
rotor. The ball resulted in a point contact perpendicular to
the surface of the test specimen. Therefore, the load on the
ball can be resolved into two directions as, firstly, a normal
load and secondly, the tangential force (frictional force)
acting to reverse the direction of rolling at the contact point
on the sample surface. Finally, the resultant force acting on
the specimen surface by the applied load through the ball
(Fig. 3) can be realized and this induces elastic or plastic
deformations of the specimen surface, which eventually
cause failure. It is a key factor of this test that there is no
element of sliding friction'.

The evaluation of surface contact fatigue was carried
out by determining a surface profile on impressions of the

Fig. 4 A typical 3D profile of a fatigue track.
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Fig. 5 A typical 2D profile across the surface using cursor
widening.
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surface of the specimen recorded at regular intervals during
testing, using a non-contacting laser profiler. Scanning, in
current study was performed as 20 um intervals on a region
5 x 5 mm’, enclosing the impression of the fatigue track
circle. The sampling rate during scanning was 500 Hz at a
scanning speed of 10 mm/s. A 3 D image of the wear track
circle was viewed (Fig.4) and measurements of track depth
were made by laying down a measuring cursor across the
image and then viewing and measuring on a 2 D profile
(Fig. 5). Wear track depth was determined to a precision
of 0.5 pm at 90° to the plane of the surface of the specimen
and was averaged across a 350 pm width using software
cursor widening capabilities. The wear track depth was
calculated as the mean depth from four such profiles at
regular intervals on each of three test specimens and the
fatigue life was defined as the number of cycles to produce
a track 5 pm deep as determined by interpolation as
previously described'"?.

3. Its application of RBD to dental materials
3-1-1. Surface contact fatigue and flexural fatigue of
dental restorative materials

Antagonistic contact on a dental restoration may
produce surface and subsurface stresses leading to fatigue
wear as well as to bulk stressing, eventually causing
catastrophic failure. McCabe et al. studied the outcome of
two different approaches to fatigue testing of materials
involving either surface contact fatigue or flexural fatigue
mechanisms'”, and came to the following finding. A range
of materials was tested, including conventional glass-
ionomers, poly-acid

ionomers, resin-modified glass

modified composites, and composites. Materials were
prepared and tested using both surface contact and flexural
fatigue. The results show that conventional glass-ionomers
have the least resistance to fatigue under both regimes
while composites have the longest fatigue lives and the
highest values of flexural fatigue limit (Tables 1 & 2).
Microfilled composite are noticeably more resistant to
surface contact fatigue than hybrid type composites despite
the fact that the bulk flexural fatigue behavior of these
two groups of materials suggests opposite ranking. It is
considered that these results were influenced not only by
the ultimate strength of each material, but also the elastic

13)

modulus, toughness and viscoelasticity'”. This complex

basis for the explanation of contact fatigue is further

Table 1 Surface contact fatigue life

Number of cycles to failure

Material

Mean'x 10° SDx 10°
Shofu FX 1.44° 0.19
Shofu Type U 1.63° 0.72
Vitrmer 9.15° 0.91
Dyract 51.8° 5.35
Silux Plus 1339 200
Z100 42.7° 18.1

*Means with same letter attached are not significantly
different, p>0.05.

Table 2 Flexural fatigue limit

Fatigue limit at 10* flexural cycles (MPa)

Material "

Mean SD
Shofu FX 28.8" 4.6
Shofu Type U 26.9 1.6
Vitrmer 53.0° 10.2
Dyract 72.9° 14.7
Silux Plus 72.5¢ 3.4
7100 126.3¢ 3.1

*Means with same letter attached are not significantly
different, p>0.05.

supported by the evidence that optimum resistance to
contact fatigue for resin matrix composites occurs at
intermediate levels of filler loading indicting that simple
properties like hardness and stiffness cannot be directly

correlated with contact fatigue'.

The lower modulus,
microfilled product has an ability to support compressive
loading beneath a sphere without developing subsurface
stresses of magnitude great enough to cause rapid crack
propagation, which would be manifested as wear. These
findings are in agreement with clinical findings that suggest
that microfilled products often have wear resistance
superior to hybrid products in occlusal contact areas, but
the same materials are more likely to suffer catastrophic
fracture'®. However, the results also support the fact that
catastrophic failure should be investigated separately from

surface contact fatigue.

3-1-2. Surface contact fatigue life with series of model
dental composites

McCabe et al. suggested that a method of producing
and evaluating surface fatigue using a RBD is simple and
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reproducible and allows fatigue data to be gathered using a
relatively small number of specimens. They investigated a
series of model dental composites having varying filler
fractions (23.7-66.4 vol%) in order to assess the potential
of the method. The results have been that the pattern of
material loss as well as scanning electron microscopy
(SEM) examination of the damaged surface of test specimens
confirmed that a fatigue mechanism was responsible for
material loss (Fig. 6). And the fatigue life varied markedly
with filler volume fraction being optimized at values in the
range 30-50 vol%, and lower and higher volume fractions
reduced the fatigue life (Fig. 7). In addition, the contact

Fig. 6 SEM photomicrograph showing surface of material
which has been subjected to rolling ball fatigue. Note
the loss of materials, the exposure of subsurface
cracks and the lack of scratches due to sliding.
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Fig. 7 Fatigue life (number of cycles survived before surface
degradation) plotted against filler volume fraction

for ; (o ) silanated and (O ) un-silanated glass filler.

i
uQ

fatigue life of a non-silanized composite resin containing
40% filler was approximately 1/2 that of a similar material
with silanated filler, and filler silanation significantly
improves surface fatigue life. This study did point to the
importance of filler silanation as a factor, which helps to
optimize contact fatigue life. The results also suggest that
the RBD will prove useful in comparing the properties of
different materials and in the development of improved
products.

3-1-3. Effect of the applied load on surface contact
fatigue of filling materials using the modified RBD

In order to evaluate material durability, fatigue testing
of dental materials has generally been carried out by means
of tensile, compressive and flexural testing using constant
applied stress or strain to bulk test specimens'™. The
mechanism of failure in such tests involves a marked
increase in stress in the region of surface or near-surface
flaws or imperfections (such as air bubbles) leading to
crack growth and fracture at a specific site under repeated

2,4)

loading In such fatigue tests the final fracture occurs
suddenly and immediately prior to fracture there may be no
change in the external appearance of the material. Such a
mechanism may adequately describe fatigue behavior of
materials which results in catastrophic failure but dose not
adequately describe fatigue which contributes to surface

“'”_ Surface

breakdown as part of a surface wear process
degradation within the oral cavity seems to advance due to
minute repeated loadings through point or line contacts
between pairs materials, e.g. enamel and restorative

material > .

Such a surface contact fatigue wear is
unlikely to be predicted from the bulk characteristics of a
material but is likely to be specifically related to surface
characteristics'”. Surface contact fatigue wear increases
the surface roughness, causes loss of gloss, may cause
discoloration and produces deterioration in the esthetics of
the material”. Moreover, excessive fatigue wear may
contribute to functional problems with occluding teeth.
Therefore, although the fatigue behavior of a material
obtained by testing bulk specimens is important, it is clear
that surface contact fatigue characteristics are equally
important in estimating the endurance limits of dental
filling materials.

As stated previously in chapter 3-1-1, in view of the

complex nature of the contact fatigue process and the
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inability to relate fatigue life to basic mechanical properties
of materials, it is essential to understand the way in which
measured fatigue parameters vary with key test conditions
such as applied load. Hence, Fujii et al. have attempted to
clarify the applied load dependence of fatigue life for two
dental filling materials: a microfilled composite (MF:
Filtek™ A110, 3M, USA) and a glass ionomer (GF: Fuji II
Capsule, GC, Japan), using the modified RBD'®. Disk
specimens 10 mm diameter by 1.5 mm thick were set into
cavities cut in plates of PMMA. After setting, the speci-
mens were ground and polished using wet carborundum
paper followed by 1 pm alumina and then stored for 24 h
in water at 23°C. The surface fatigue test carried out using
loads ranging from 100 to 500 gf through a ruby ball 2 mm
diameter using a modified RBD. The ball was set to rotate
at 720 rpm and a surface profile was determined on
impressions recorded at regular intervals. Fatigue life was
defined as the number of cycles to produce a track 5 pum

deep and was determined by interpolation'" .

Indentation depth with applied load for MF and GF
Fig. 8 shows the static indentation of the 2 mm ruby-
ball into the surface of each material as the applied load
was increased from 100 to 500 gf and then reduced again.
With a 500 gf applied load, the indentation for MF was
1.4 times greater than that for GF. In this study, the
indentation of the test materials by ruby ball seems to be
through an elastic deformation up to a load of 500 gf, as
shown in Fig. 8. Although the values of indentation for

unloading were slightly larger than those for loading, this is
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Fig. 8 Variation of indentation depth (um) with applied
load for MF and GF specimen.

probably due to a slightly delayed elastic response,
although the differences between loading and unloading
curves seen in Fig. 8 are so small as to enable the response
to be described as “essentially elastic” in nature. The
independent-depth might be reduced slightly under
conditions of rolling, compared with the static condition,
because of slight viscoelasticity which may result in an
element of “compressive creep” in the long term. Surface
failure in this test is thought to occur through stress concen-
trations at or near structural defects or inhomogeneities
such as porosities, flaws and resin-matrix interfaces occur-
ring within a few microns of surface'””. Thereafter, the
degradation of material (fatigue wear) would occur follow-
ing the propagation of cracks, as the contact area between

ruby-ball and specimen surface gradually increases.
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Fig. 9 Variation of track depth (um) with a number of cycles for MF and
GF specimens. Load varied from 100 to 500 gf.
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Table 3 Fatigue life (cycles) for MF and GF specimens

Load (gf) MF GF
200 10.6 (1.8) x 10° 4.8 (1.8) x 10°
300 2.8 (1.1) x 10° 1.6 (0.3) x 10°
400 1.2 (0.3) x 10° 0.9 (0.1) x 10°
500 0.7 (0.2) x 10° 0.7 (0.2) x 10°

Values in parentheses are standard deviation (n=3)

Table 4 Indentation depth and calculated values of stress.
Ruby-ball oppressed the specimen surface in a state

of rest.

Material ~ Load (gf) Indentgsr?lx; depth girecs (MPa)
MF 100 2.1 73.9
MF 500 8.7 90.2
GF 100 1.5 107.2
GF 500 6.2 125.7

The applied load dependence of fatigue life

The effect of the applied load on the track depth that
is produced by surface contact fatigue is shown in Fig. 9
and Table 3. The number of cycles required for the onset
of wear for each material was decreased by increasing the
applied load. Clearly, the increase in load causes an
increase in stress, which increases the rate of propagation
of cracks. In comparing the two test materials, the onset of
wear of GF was significantly more rapid than for MF.
Furthermore, the rate of material loss for GF, after the start
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Fig. 10 Variation of incline of track depth-number of

cycles curve with the applied load for MF and GF
specimens. The incline was calculated in the range
0-5 pm track.

of the process of surface degradation, as represented in
Fig.9, was approximately twice that for MF as shown in the
logarithmic plot in Fig. 10. These results are expected from
the difference between the indentations measured under
static loading as shown in Fig. 8: i.e. the indentation of MF
was slightly larger than that of GF, when compared at the
same load. This result implies that MF has a greater elastic
deformation than GF, and MF is comparatively more
flexible and compliant while GF is harder and more rigid.
In addition, the compressive strength of a glass ionomer
cement is normally lower than that of the yield stress of a

" and as shown in Table 4

microfilled composite resin
the compressive stresses developed in GF (at 100 and 500
gf), which were calculated from their indentation depth,
were close to the compressive strength. Therefore, it seems
that the track develops more rapidly for GF partly because
it is weaker, harder and more brittle than MF. There was
a meaningful positive correlation (R* = 0.991 for MF and
GF) between incline (rate of loss after initial failure) and
load, as shown in Fig. 10 and this can be used alongside
fatigue life to characterize the fatigue behavior of the
materials.

Table 3 clearly confirms the difference in fatigue life
of the two materials used in this study. This result can be
partly explained by differences in the basic mechanical
properties of the two materials, as already described.
However, previous work suggests that this relationship may
not survive intact when a broader range of materials is

Fig. 11 SEM photographs for MF and GF specimens.
(a) GF, 100 gf, 10 k cycles; (b) GF, 500¢gf, 700 cycles;
(c) MF, 200 gf, 1000 k cycles; (d) MF, 500 gf, 3 k cycles.



32 Koichi Fujii

considered. Other factors, in particular the presence and
location of flaws at or near the surface is likely to be
another key factor, and a principal difference between the
materials was the existence and distribution of bubbles
which were more frequently encountered in GF than in MF,
as shown in Fig. 11. In addition to this, another potentially
important factor is the greater sensitivity to water of the

glass ionomer'”

. The existence of air bubbles is likely to
have a marked effect on both the inherent resistance to
contact fatigue and its dependence on applied load, particu-
larly for a hard brittle material.

The variation of Ra and Rt with the applied load

~1.8L  —8— Ra(MF) —g— Rt(MF)
e
E —&— Ra(GF) —+— Rt(GF)
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=
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Fig. 12 Variation of mean surface roughness (Ra and

Rt) with the applied load for MF and GF
specimens. Ra and Rt were average value at each
applied load.
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Fig. 13 Variation of normalized frictional oscillation
with the applied load for MF and GF specimens.

(Fig.12) might also offer important information which
helps to explain the difference in fatigue wear behavior of
the two materials. When the applied load increases, the
stress increases and this effect will be magnified by an in-
creased surface roughness leading to stress concentration.
Furthermore, as degradation begins to occur, roughness
increases further and stress is also likely to increase again
in response to this. Hence the greater difference in
roughness between GF and MF with increasing loading.
These results are probably related to the greater brittleness
of GF compared with FA. This explanation is also
supported by the fact that both the magnitude and variation
(scatter) of the frictional oscillation during the rolling of
the ruby-ball increased with increasing load, as shown in
Fig. 13. The difference in oscillation between 200 and 500
gf was significant for both materials (p<0.05).

SEM images of the track surfaces which correspond to
a track depth of 5 um deep are shown in Fig. 11. Air
bubbles and a mixture of fatigue and artefactual cracks
caused by desiccation, which are difficult to distinguish by
SEM, existed for GF ( Fig. 11a). The existence of these
defects, combined with the brittle nature of the material is
one factor, which is responsible for lowering the fatigue life
of GF compared with MF. This finding is in line with the
general finding that prosity in glass ionomer cement, which
is primarily introduced during mixing, has a major effect on

properties™.

3-1-4. Studies on surface contact fatigue of other dental
materials:
Composite resins and PMMAs

Two composite resins and two PMMAs, as listed in
Table 5, were investigated in an atmosphere of dripped
distilled water at 37°. The test procedure, including deter-
mining fatigue life, is almost the same as stated previously
in chapter 3-1-3, except for rolling-ball rotation of 294 rpm.

The surface profile was determined directly on the test

Table 5 Materials used

Code Material Manufacturer Filler
ES Bstenia® C & B Kuraray 88.8
SD Solidex Shofu 54.7
AC Acron GC -

SU Sumipex” Sumitomo Chem. -
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Fig. 14 Variation of depth of wear track (um) with a
number of cycles for four materials.

Fig. 15 An expanded view of wear track for three
materials. The appearance of wear track with
AC is similar to that of SU.

specimen at regular intervals. The fatigue life of four
materials was 5.88 x 10’0 8.82 x 10" cycles, as shown in
Fig. 14. Es containing more inorganic filler (less resin
matrix) is not much more resistant to contact fatigue than
AC and SU without inorganic filler. For AC and SU with-
out inorganic filler, surface failures like those in ES and SD
were never observed after surface-contact fatigue, and their
wear track surfaces were comparatively smooth compared
with those of ES and SD (Fig. 15). This would be because
the resin matrices of AC and SU are a PMMA-based sys-
tem, and are formed of a homogeneous substance, which is
different from the case of composite resin in which several
materials having different properties are combined, such as
in ES and SD. SU plate is a thermoplastic material, and is
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Fig. 16 Variation of depth of wear track (um) with
a number of cycles for three artificial teeth.

a commercial product of acrylic resin for industrial use; it
is free of cross-linking agents and a residual monomer. On
the other hand, AC is an acrylic denture-based resin con-
taining a cross-linking agent of approximately 10% EDM
A, and is heat-cured using a powder-liquid polymerization
method. After polymerization, a residual monomer content
of less than 1% usually exists within AC specimen, and this
difference of AC and SU might influence the outcome as
shown in Fig. 14. At an early stage of surface-contact fa-
tigue, as there have been few cycles, it is considered that
the residual monomer near the contact surface might play a
role as a plasticizer and hence the fatigue life of AC would
be decreased compared with that of SU. However, it can be
seen that the effect of the residual monomer on the contact
fatigue of AC is less, since the fatigue life of AC is actually
reached later than that of SU in current study. Finally, the
residual monomer leached out from the contact surface by
the dipping water with an increasing number of cycles, and
the network structure of resin matrix produced by adding
the cross-linking agent has influence upon the increase in
fatigue life; hence, the fatigue life of AC might be
increased compared with that of SU. However, further
detailed studies on the molecular structure and residual are

necessary.

Artificial tooth

Fig. 16 shows a variation of wear track with a number
of cycles for three type artificial teeth (LP: Livdent
porcelain; SP: Surpass; AT: Acrylic tooth, All are GC’s
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Fig. 17 Variation of depth of wear track (nm) with a
number of cycles for three noble metal alloys.
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Fig. 18 Variation of depth of wear track (um) along
with a number of cycles for T-1 specimen.

Fig. 19 An expanded view of wear track, The magnify-
cation is x 50, x 100, x 200, X 400 from the left:
(a) T-1 after 1.14x 10°; (b) T-4 after 3.02x 10°;
(c) 12GS after 2.33x 10°.

products). The fatigue life of each specimen was ranging
from 3.1x 1000 5.88x 10*, and it was obvious that the
greater hardness values of the artificial tooth (Hv, LP: 377;
SP: 16.8; AT: 18.6), the deeper wear track depth produced
and the more degraded surface of specimen was the same
tendency in ES, SD and AC specimens.

Noble metal alloys

On the other hand, Figs. 17 and 18 show a variation of
depth wear track with a number of cycles for three noble
metal alloys in the RBD test. Materials used were Type 1
and 4 gold alloys and 12% gold-silver-palladium alloy of
post solution heat treatment at 70000 at 30 min.: Their
codes are T-1, T-4 and 12GS, respectively, and all are GC’s
products. Their fatigue life is ranging from 10°-10* (Fig.
17).

Their cross sections of wear tracks were distinctly
different from those of the composite resins, acrylic resins
and artificial tooth, as described above (Figs. 18 and 19).
It seems that the difference is because of expandability of

special characteristic of metallic bonding.

Conclusive remarks

As described above, the rolling-ball method is able to
distinguish the different rates and mechanisms of surface
contact fatigue for different materials, and has proved a
convenient method for studying the surface fatigue
behavior of dental materials. The modified design proved
successful in allowing the application of a wide variation of
Although the method differs from those
methods which involve testing of the “bulk fatigue”

test loads.

characteristics, the rolling-ball method may give results
which are more clinically meaningful. Its use can now be
widened to enable comparative testing between different
types of materials and studies of the way in which material
composition can affect fatigue. Future studies are

anticipated.
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Autologous Blood Transfusion for Orthognathic Surgery

Yozo Manabe

Department of Systemic Management for Dentistry,
Kagoshima University Medical and Dental Hospital

Abstract

Orthognathic surgery is employed to correct orthodontic conditions of the jaw and face that cannot be easily
treated through orthodontic therapy. The primary goals of orthognathic surgery involve achieving a correct bite
and an aesthetic face. A massive hemorrhage may occasionally occur during surgery due to which blood
transfusions may be periodically required. As the patients receiving orthognathic surgery are primarily young and
healthy, allogenic transfusions should be avoided.

Moreover, autologous blood transfusions are useful for preventing the risk of alloimmunization and infection
by an unknown virus. Autologous blood transfusions can be performed via 3 techniques: intraoperative blood
salvage, preoperative autologous blood donation, and isovolemic or hypervolemic hemodilution.

Intraoperative blood salvage requires the presence of a clean surgical field, and is hence unsuitable for these
surgeries. In this field, instead of allogenic blood transfusions, preoperative autologous blood donation and
hemodilution have generally been used either independently or in combination.

Preoperative autologous blood donation requires a sufficient period for hematogenesis in order to prevent
anemia prior to the operation, which can be termed as “preoperative hemodilution.”

Moreover, insufficient hemodilution could lead to hypovolemia, which results from “intraoperative
autologous blood donation” and is similar to preoperative hemorrhage.

Further, promoting awareness is essential for enhancing the understanding of blood transfusions. The
promotion of autologous blood transfusion during orthognathic surgery, primarily among young patients, may

play a role in creating awareness with regard to the prevailing state of transfusions in Japan.

Key words: Orthognathic surgery, Autologous blood transfusion, Preoperative autologous blood donation,
Hemodilution
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oo0o, DoooooooOo, Dooooooooog
dooooooboo, oooooboboooooo
0dooddoooboooooooobobooooono
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ooooooooooooooooboooooooo
ooooooooocooooooooo

a) DO0O0O0O0O0O0

0oooo1rooo (o, 17g) oooooooo
oooooooooo, oboooobwooo (@o,
16G) 018000 (OO, 18G) ODOOCOOOOOO
oooooooooooooooooooooooon
0, 0000000000000000O0O0O™00
goooo, booooooooooooooDi1ec O
ooooo, oooooooooooooooooo
oooooooooooooooooooooooo
gooooboooooooobisgoooooono, o
ooooooo, oooooooooooooooo
0000000000 O0O®»o0ooOoooooooo,
000®0, 000000000 ODOOOOOOOO
vvROOOOOOOOOO, OO0O017vGO0O19-
igOO0O0OOOoOooOOoOoOOvvROOOOOOOO
goooobooooooooooocboooooooo
ooooooo, oooooo, ooooooooo
gowcUooooooooooooooooooo
oooooo, boogoooooooooooooo
oooooo

b) 000000000

gooooooooooooooboooooooo
gobooooooooooooovvrROOOOOO
gooooooooooooooooooooooo
gooo, oo, oooooooooooooooo
gooobocoooobobon4omObooooOonOO
om0 oooooooo, oooboooooo
gooooobooocooooooooboboooooooo
0oo00o0O0OooOO0OooOoOoo®oobooooo, O
gbi1ooomlO00000O00OODOOOOODOOOO
oo, oooooooooooooooo, oooo
goooooooooooooooooooooon o
gooooooooooooooooooooooo
gooooboooooobooooooono, 4o00ml 000
gbooboooboOosomOboOooooooooon
000000000®0000000 0000000
oooooooooooboooooo, ooo 400ml
oooooooocooooooooboooooooo
oooooooooooooooooooo, oboo
oooo, boooo, oooooocooooooo
gooooooooooooooooooooo, o
goooooooooOoooooooooooooo
oooo, boooooooooooooooooo

g

00000000000, 000000000000
0000, 0000000000000000000
0000, 0000000000000000000
00000000000, 00000 300-400ml O
0000000000000
VWVROODOOODOOOOOODOOOO, 000
400ml00000000000000000000O0
0000000000000 300m 0000000
oooooo

0) oooo
00000000000000000000000
000000000000000000000000
000 (0000000) 0000000, 0000
000000000000000000000000
0000000000000, 0000000000
0000, 00000000000, 0000000
000000000000000000000000
000000000000000000000000
000000000000 000000%00000
000000000000000000000000
0000, 0000000000000000000
000000000000000000000000
0, 0000000000000000000000
000000000000000000000000
000000000000000000, 00000
00, 000000, 00000000000000
000000000000000000000000
00000000, 000000000000, 00
00000000000000000, 0000200
000000000000, 00000000000
0oo00O0x0

0) oooooo
ooo00O0O0O0O00000000000000d,
00000000, 000000000000000
000000000000000000000000
000000000000000000000000
000000 000000000000000000
0000000000000000, 0000000
00000, 000000000, 00000000
0000000000, 0000000000000
000000, 000000000000, 0000
000000000000000000000000
00O0000O0o
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000000 400mO00000O0™00, 00O
ooo (ooo) boooooo400m 00000,
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O) oooooooooooooo, som 0000
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oooooooooooooooooooooooon
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00000000000 0O0®, 000000000
gooooo, booooooooooso0-4o0ml 00O
0% 000000000000000O000D00
goooos-eb0oooooobobooooooon
oooooooooooooooooooooooo
O, 000000000000 400mlO0000O0O
goooodpOOoOoOoOOOoOO0OOO0O06000
000O0™, 0000000000 DO0O0OOOoOooO
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oooooooooooooobooboooooooo
obooooOo4omooooowbooooooo
00000OwWOOOOOoOOoooooo®o0oooo
Figz2O0OOOOOOOOOOOOOOOOOoOOO
oooooooooooooooooboooooo, o
oo dHpbOO0OO0O0O0OO0OOO0ODOCOOOOCOO 3-40
ooooooooOoo™® oooooboooooo,
oooooooooooosmgOOoooog,
owoOoooog, owooogooooobooao
200mg/day OO0 0O ODOOO0ODOOODOOODODOO
oooooooooooooooooboooooooo
o0, oooooMevOoOoMcHOOOOOOO
0O00000000000000 (Tablel)d MCHC
ooooooooooooooooboooooooo
oooooooooooo, spO0O HOOOODOO
ooooooooooooooooobooooo, oo
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gooooooooooooooooobo, oooooo
goooooooooooooooboooooooo
gooooooooooooooobooooooooo
ooooooooooooooboooobooooooon,
gooooooooooooooooo, ooooo
gooooooocooooooooboboooooooo
ooooo, oocoooooooooooooooo
goooOob4omOO00D00O, ODODODOODOO
ooo, ooboooooooooobooooooo, o
oooooooooooooooooooooooo
oooo

gooooooooo, oobobooboooooooo
O, 000o0o0ocoooooooocoooooooon
goooooooooooooooooooo, oo
ooooooooooooooooboooo

Table 10 000000000000 meant SD

O OD0: 81 0O00: S3

5W 88.9+ 48  90.2+ 34 t *
MCV (1)

3w 90.0+ 3.5 922+ 32 ¢

5W 286+ 1.7 292+ 15 % *
MCH (pg)

3w 29.3+ 1.8 301+ 14 %

5W 324+ 0.8 324+ 09
MCHC (%)

3W 326+ 1.1 326+ 0.9

FO0P<0.01 vs. OOO

T OP<0.05 vs. OO0O

* [ P<0.05 5W vs. 3W
McvOoooooooo
MCHOOOOOOOOO
MCHCOOODOOOOOOO
S1,S30 Fig2O0 OO0

0-3. SEIBEFMICHI HHMAE S mEm
@ Fm

ooooooooo, ooooooooooooo
oo, ooobooooooooooobooooo, oo
gooooooooooooooooooooooo
oo, oooboooooooooooooo, boboo
gooooobooocooooooooboooooooo
goooooooooooooooboobooo, oooo
HtOz270300 000000000000 OO0OOO
ooooooo

a) 0000000

goooooooooooooooog, oooo
oo0o, b0ooo000 (ooboooooo) ooo

g

ooooooooooboooooo

b) 0000000
gooooooooooooooboooooooo
ooooooooocooooooooobo

@ xm

gooooooooooooooobooooooon,
goooooobooboooooooooboooboo
goooooboobooboooboooooboobooboo
goobOod4m 000000000 0000O0
oo, booboobooobooooooobooboo
gbooooooboobooboooooooboooboo
gboboooboobooboobooooooobooboo
oo

I FBEFMHOL-OHOEFMN L FAEE (hypervolemic)
FRAGACLIBCNBMESENREE

goobooo, booboboooboboboobooo
gooooooboooobooboooobo oo,
oooodooooooooo, ooooooooooono
goodooooooooboooooooooon
oooo0oooooooo, ooooooooooo
ogoodooooooooobooooooooo, O
ooooooooo, ooboooooooooono
ogoodooooooooobooooooooo, oo
gooooooooo

goooOoOooooOOo MAPODOOOODOOOO
O, 00000000 400ml, ODOOODO 400ml0O0O
gooobsomOOOOOOOOOODOODOOCO O
gopbwoooooobOoo 400m 00D O0OO 200ml
goecomO0OOO0OOO0OOOOOODOOD OOO
ooodoooooooooboooooooo, ooo
D1r00000000400mO000000O0000O
goodoooooooobooooooooo oo
Jo0oooOo, ObdoOdoO0oo0oO0oo0oOoo0do 400ml
goodooboooooobooooooooooono
goodoooobooooobobooo, Dooooo
go0oooOooboobooobobooooao

@ BEEGMEETMBARMIZONT
gooooooooooboboOoDob Fig20000
oooooooooooooboooooooooow
o, ooobooooooowd, oooooooo
oowOoooooooooooboooooooo
goooooooooooo, boboooooooo
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goooooooooooo, oobooooooooo
oooooooooooooo, ocoooooooo
gooooooocooooooooboboooooooo
oooooooocoooooooobooooooooo
goooooooOoooboobooooobOobooooo
gboooooocOoooboooobOoooOoooown
goooowooooooo, ooooooooo
oowDO, OwWDOOOooOoowooooooooo
(Table2)0 OO OO0, ODOOOOOCOOWOOO
wO, OwbOooooooobooobogoooooo
goooooboooooooooooo, oooooo

Table 20 000000000 meant SD

5W O 3wo 2w O
0oo (MF) 530 23/99 13/34
oo (@) | 21341 23956 237+55
afs (cm) | 159.3 7.3 1616+ 7.3 163.0t 9.6
oo (kg) | 53576 533+ 77 559+ 110

OO0 HbO (gdl)| 13112 132+ 13 138+ 13

0000  (ug/dl)| 747+ 337 868+ 352 864+ 289

000000 (ug/dl)| 255+ 29.6 350+ 30.4%* 50.7+ 49.0%

000000000 (ug/dl)| 3115+ 51.0 3011+ 44.3% 2852+ 34.7*
3W | 32611 326£09

*[0P<0.01 vs. 5W

**[JP<0.01 vs. 2W
(g/dl)
155
154
14.5
14

[

13.51

1.5

134 %.1[

FmFs1 BT S3

Fig30OOOOoOoooOooooooo

—e— 200000
—=— 300000
—&— 500000
* OP<0.01 vs. OOO
S1,830 Fig20 00O

ooswpOOoooooooo, owbhooooooo
oooooooo, owd, owoooooooo
oooo0 (Fig.3) i oooooooooooooo
ooo, ooboooooooooo, ooooooo
ooooooooooOooooooobooOoooooo
ooooooooooooooo, cooooooo
goooooooooooooooboooooooo
oooooboooooo

@ mMEFFEIZDOWNT
0000000000000 000000, 000
0000000000 O000O0O0ooOoooooon,
000000000000000000000000
00000000 000o0bO0o0o0oooooooon
0000 HPOOODOOOOOHPOODOOODOOD
J00D0HOODODOODOO HbO (gd)O0 O OO Hb
O(gd)x {(00000@MO0000@O0000D
Ohy}o, jobooooobooooboooo, o
000.168x 00 (m) 0 0.05x 0 0 (kg)0 0.444, 000
0.25x 00 (m)”00.063x 0O (kg)0 0.662°0 0 0 O
O00400ml 0000000000000, 0000
0000000 (Fig?2)l 000000 (COOOO
D0000ooO0%om0000000000000
0000000 D*500m1)1000ml 000000000
10000, 000 (00000000000 OOO0O0
OU0000o0OooOg™3om Oooooosed, O
OO0 (QUOoooo™400mlO0OO0OOoO4000, O
00 (00ooog4000p0booooooooooa

Table 300 0000000OOOOO meant SD

010000 | 03000 | 04000 0 10000
0oo o 27 45 25 27
00 (0)|230:45 |226+45 |244+73  |271%92
OO0 (cm) |1644+ 88 |1632+ 63 [1626+ 110  |163.8% 9.0
00 (kg) |554+ 96 |581% 6.6 |553+81  |517¢74
O00MD (g/dl)|13.4 14 | 135+ 19 | 131+ 17 13.0¢ 14
O00HD (g/dl)| 1142 18 1{12.0 16 * 111+ 14 *t| 912 14 *
OOHYD (gdl)| 116+ 14 | 124820 | 117+ 15 115+ 14

10000 O O O 0 1000ml O O O
0 30000000300ml 000
g4000000400mO0n
10000 O O O 0 1000ml O O O
* 0P<0.01 vs. OO HbO
**[ P<0.01 vs. [10000
T OP<0.05 vs. [J10000
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(mmHg}
14

12

e

10

R AT:M1 il M2 AR M3

Figd D0 000000000 (central venous
pressure] CVP) OO0

—e— [0

—a— [J0

—&— 00

* OP<0.01 vs. OOO

T OP<0.01 vs. OOO
#*P<0.01 vs. OO

M1, M2, M30 Fig2 0000

O"100oml D00 0001000000000
goooooobobobbboooooobobooood
goooooooboooboHvPODOOOODDO, ODODO
0000000ooobOoOooooool1000000
OU0O0O0OO0OHOODOOODOOO (Table3)D OO0
000000U0ooooOoO0oooUooooooooog
0000 (mommovolemic) OO OO OO0ODOO
(hypervolemic) OO0 OO0, OO0OOOOOOOO,
O0o0o00o0ooooooOoOoooooooooooog
gobooO, OO000000O00O HbO 3-4g/dl 0O
00?000, 0000000000000 400ml O
gooooobOOooooowomlODO0ooooooo
ogooooooooooo

Q@ ERENRFRORLMEIZDONT

goooo (¢cvp) oooooooooo, ooog
O0ooo0ooo0ooOobOo0ooocvPOOOOoOonO
OmmHgOOOO CVPOOOOOODODOOOO 1000
20mL 000000000000 O0OO0O cvePOO
Oo0o0d00oooo0o0ooobD, oooooooooono
godcvpOlGmmHg OO OOOOOOOODODOO
0O0oO00oO0oooooo

000000 CVPOODODODOOOO (Fig.2)I O

Table 4000000000000 (central venous
pressure: CVP) 000 meant SD

00 (n=47) 00 @=172) |00 (n=219)
oo (0) | 22553 Tt 260+ 74 252+ 71
oo (em) | 1726+ 5.5 T 159.4+ 8.9 162.2+ 9.9
oo (kg) | 61.9+ 8.1 t 514+ 68 53.7+ 83
000:M1 (mmHg)| 7.2+ 2.6 12+ 22 7223
000:M2 (mmHg)| 55+21 * 55+ 27 *| 55£26 *
O00:M3 (mmHg)| 89+29 * t 105+29 *|101£30 *
ok ok *k

*OP<0.01 vs. OOO
**[]P<0.01 vs. OO0
T 0OP<001 OO vs. OO
M1, M2, M30 Fig.2O0 O OO

00000 Table4OOOO0 00000000000
0000000000000 0000O0, 0000
CVPOOODODO0OOOODOO0O0O0O0O0OO CVP
000000000000, 00000000000
00000000000000000 (Fig4)0 OO
OO0 CvPO, DO0O00OO0OOOO, 0000 13mmHg
00000, 00000000000000C0
00000000000000000000000
0000000 FloTrac"0 000000, O00ODO
000000000000000 (Fig 2)0 FloTrac”
0, 0000000000000000000000
000, 00000000000000000000
000000000000000000000000
000000000000 000000000000
000000000000000000000000
0000000000000 000000, 0000
000000000000 000 Stroke Volume
Variation (SVV) 0000000000000 SVVO,
00000000000, 0001300000000
000000000000000000000000,
400ml 000000000000 1000m 00000
000000000000000000000000
000000000000000000000000
00000 0000000000, 000000
(IBP), OO0 (PR) ODOO, OO0, DOOOO
00, 00000000000, 0000 (Co), O
00 (Cn), 00000 (SV), 000000 (S
00000000000 (SVV) 0000000000
0000000, 000001900045000000
000000000000 00 (Table5)I 0000
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Table5SO0 0000000000000 (FloTrac™)
OgoooboobOobOoboO0obdOd  meant SD

0o (M/F) 217
0o @) 27.1+ 9.2
0o (cm) 163.8+ 9.0
0o (kg) 51.7+ 7.4
BMI (kg/m?) 19.3+ 2.3
000 HbO (g/d1) 13.0+ 1.4
0ooOoooo (mmHg) 97.6+ 14.6
0ooOoooo (mmHg) 62.1+ 12.2
00000 (bpm) 71.0% 12.2

BMIO Body Mass Index OOOOOOO
coooooooooooooo,
ooooooooooooo

Table60 0000000000000 (FloTrac™)
Jo000000000 meant SD

goooMl 0OO0OOOM2 OO0COMS
00000 (mmHg) | 968+ 175 94.2+ 16.9 103.7+ 189
00000  (mmHg) 522+ 7.2 458+ 11.0 48.7 8.7
gooo (bpm) 82.4% 136 88.1x 12.0 82.1% 6.7
RPP (mmHgbpm) |8041.2+ 2312.2 8328.0+ 2006.1 8523.9+ 1801.8
Cco (Vmin) 6.1£ 16 6.3x 1.6 6.5 1.0
CI (Umin/m?) | 4.0+ 1.1 41 09 42+ 0.7
NY (ml) 71.6% 17.1 68.7£ 9.9 783+ 9.0 *
SVI (ml/m’) 46.7x 11.6 44.6x 5.1 510 6.1 *
SVV (%) 13.0£ 6.2 * 24178 98+ 63 *
RPPO rate-pressure product OO0 00O
COU cardiac output 0 000
CIO cardiac index OO0
SVO stroke volume O OOOOO0
SVIO stroke volume index OO O0O0OO

SVV stroke volume variation OO0 000000
*OP<0.01 vs. OOO
M1M2M30 Fig2O0 OO0

goooooooo, ooooooooooseoon
o0oo0o0oo0O000000 HbODO13g/dl 0 09.1g/dl 0O
gboboOoooobOooooboooboOof0O HbO11g/dl
oooooooocoooooooobo, oooooo
gooooooocoooooooo, ooo, ooo
gooooooocooooooooboooooooon o
oooo (sv)y ooooocooooboooooo
goooooooooooooo (svy) O, 000
oobOoO0oo0O, 00000000000 Rate Pressure

Product, CO, C10OOO0000O0O0OO (Table6)d
ooooo, oboo, oooooooboooooooo
O, 000ooooocoooooooboooooooo
ooo

FEH

ooooo, oooooooooboooooooo
goo, ooobooobooooooooo, oboo
gobooooobooboobooooooooboo
goooooobo, boooooooooboooboo
gooooooboobooooooooooobo o
U, odobotoboobooboooooboobooboo
gbobooooobooboobooooooboobooboo
oooooooooobooooo

goooooooo, oooooboooooooo
ooooooooooo, oooooboooooooo
oooooooooooooooooboooooo, o
oooon0 opoboooooooooboooooooo
ooo, 0ooooooooooooboooooobon,
gooooooobo, booooooo, boboo
gooooooboobooobooooo, boboo
gboooocooboo, tbobooooooobo
goooooob, obooooooo, boboo
gooooooboobooobooooooo, boo
goooooob, oboooboooooboooboo
oooooooooooooooooboooo, ooo
ooooooooooooooooboooooooo
ooooooo, coooooooobooooo, oo
ooooooooooOoooooooboooooooo
ooooooooooooo, oooooooooo
oooooooooo

gooo, obooooooooooooboooooo,
gooooooboob tbboooooooobo o
goooooobooboooboooooooboooboo
oo, booooooobo, otbobobobooo
goooobooboobooobooooobooboooboo
goooooobo

goo, boboooooooooooooo, bo
ooooooooooooo, boooooobooboooo
ooooooooooodoooooboooooooo
ooooooooooOoooooooboooooooo
ooooooooooooooooooOoonoo
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oo

X #

D

2)

3)

4)

5)

6)
7)

8)

9

10)

oooo, 0000, 0000, 0000, 00
0o, 0000, 0000, 000000000
000000000000000000, 000
0, 21, 311-319, 1993.

0000, 0000000000000O0, OO0
0, 00000, 00000, 0000, 40-41,
ooooo, OO0.

oooo, 000, 000O0O, 000, 000,
oooo, 0000, 0000, 0000, OO0
oo, 0000, 0000, 0000, 0000,
0D0oo000o00O00O0O0OoOoO0ooooooo,
00000, 18(4), 237-250, 2008.

0ooO0, 0000, 000000000000
0000000000000000000000
00O0O0oo0oo0 (0O0O0), Doooo, 17¢),
10-16, 2004.
00OoO0O0000000, 2006, 00000, O
0.

000000000, 0034, 530-550, 1985.
oooo, 0000, 0000, 0000, OO0
0000000000000000000000
00000000000, 00000, 4, 41-44,
1991.
0000000000000000000000
000000000000000000, 000
0ooo, 8, 555-563, 1998
0oOoO0oOoO00O000DOoooo, 0000,
88, 254-266, 1991

0oooo, 0000, 000000000000
000000000000000016000018
0000000, 00000, 19(2), 173-176,
2006.

g

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

ood, oo, oogd, oooooogoo
oowcoooooooo, ooogoo, 17,
2004.

ooooooooocooooooooo, ooo
ooooooo, 203-214, OOOOO, OO.
oooog, obooo, ooooooooogoo
poooooooooooboo, ooooo, 13,
28-32, 2000.

o000, 0ooo, 000ooooooooog
0000o0ooooooooooooooooog
ooooo, ooood, 14, 106-110, 2001.
oo0od, ooooooooogo, 493-49,
ooog, Ooo.
oodooooooooooooooooooo
ooooo, 141-150, OOOODO, OO.
gooo, oooo, ooooooood4o0ml O
ooooooooocooOoooooooogoo
oooooo, oooog o 17, 121-125, 2004.
oooo, obooo, oooooooboooooo
O0000ooooooooooooooooog
ooooooooo, oooo 27, 31-38,
1999.

Wadsworth GR: Recovery from acute haemorrage in
normal men and women, J physiol, 129, 583-593,
1995.

gooo, oooo, oooog4oml 0000
ooooooooooogogg, ooo, 1992,
41(4), 721-725.

oogd, oooo, ooooooooooooo
oooog, ooooo, 18, 833-838, 1970.
Takaori M, Safar P.: ritical point in progressive
hemodilution with hydroxyethyl starch. Kawasaki
Med J, 2, 211-222, 1976.
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ooooooooog, ooooooooooooo
oooooooooooooooo, ooooooo
gooooobooboooooooooboooooooo
ooooooo, cooooooocooooooro
z0000b0oooooooooooooooboboo
ooooooooooooooooocoooooa,
oooooooooooooooooooooooon
gooooooooooOoooooooOoOoooooo
goooooooooOooooobooooooooo
gooooobooooooooooooooo, boboo
goooooooooooooooo, ooooooo
oooooboooooooooobOoOooooooooon
pgbocoooooooooo..o0ooboooboobo, oo
ooooooooooooooooobooooooon

00000000000000000, 00000
000000000000000000000000
0000000 00000000000000000
000176660 000000000 00000000
Ooooeood, 3,00000000000000000
O00000000000000000000000
0000000000000000000000, O
000000000000000000000000
000000000000000000000000
0000000000000000000000 (O
O0), 0000000000000 (0O00) O,
0000000000000000000000 (O
00)0

gobooooocooooooooboooooooo
goooooooodg, ooooooooooooo

oo0 OoooOoooo
gooooo oo, Ooboooooo oboogoo
gobooooboooooooooooo

oono

ooo, oobooooooooooboooooooo
ooooooooooooooooboooooooo
oooooboooooooooooboooooooo
ooooooooooooooooboooooooo
ooooooooooooooooboooooooo
oooooooooo, oooooooooooo,
ooo, ooboooooo, oooooooo, oo
ooooo, obobooooooooooooooo,
oooooooooooooooooooooooo
oooooo, booooooooobooooo, bo
goooooooooooooooooooooo, o
ooooooooooooooooboooooooo
oooooooooooooooooboooooooo
ooooooooooooooooboooooooo
ooo, 0oooooooooboboooooooooo,
ooooooooooooooooboooooooo
ooboooooooooo (oooobo, ooooo,
ocoooooo, ooboooboo, ooo), o000
oooo, oooooooooob ocooooooo

ooo0 Ooooooooooboooo
gobooooboooo

000 OoOoooooooon
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gboboobooobooboooooooboooboo
ooooooooo

170, OooOoooooooboOoooooooboo
O ((@oo)yobobooooooooooooooo
goooobooboooooooobooooboobooooo
O (@oo, 0)yoooooooooo (gooo
gogo) oooooooooooooo, oooo,
goooooooooOo, ooobooooooooo
oooooobooooooooooooooooooo
oooooooooooooo, ocoooooooo
oooooOo, oooobo (ooooooooooog
ooo0o0o0o0oooooooo0) oooooooo
goooooooooooooooboooooooo
goooooooooooooooboooooooo
0O (@oO)oooooooooooboooooooo
ooooooooooooboo (goo)oooo, o
goooobooocooooooooboboooooooo

T g e e

'..x .
oo0O ooobooooooooooooobooon
oo ooooooodo Db poooocoooo
goooooooo

oboo Ooooooood
goooooooooooon

oooooooooooooooooboooono

oo, oooboooooboooobcooooooo
ooooooo (coo)oooooobooobooo
ooooooooooooooooboooooooo
goooobooooobooobooooooobooboo
gooooobooooobooobooooooooboo
goooooobooob, obbooooooooboo
gooooooboobooooooooo, boo
gobooooobooboooboooooooboooboo
goooooobooob, bboooooobooboo
00o0000O0ooooooooooboog (ooo)o
ooooooooooooooooboooooooo

g0t oobobooooobod
gooooooooooooooo
gooooooo
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oo gooo

0012 oooooo
ooooooooooboon

ooooo, oooooooooooooooo, o
gooooooooooooooooooooooon
ooooooooooo (oo, 1) ooood
gbooooboooboobooooooooobooooboo
gbooobooboooo

gooooooooooooooboooooooo
goooooooooooooooboooooooo
oooooooocooooo, oocoooooooo
oooooooooooooooooooooooo
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