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PREFACE

For a clinician, the orthodontic relocation of teeth poses an ongoing challenge to
achieve a better understanding of the processes involved in the rapid reconstitution
of the periodontal tissues. Every long-term research venture has its inspirations. In
this endeavour, it was Dr Kaare Reitan who lectured to us as postgraduate students
at St. Louis University. Also my Boston University research classmate, Dr Harold J
Hayes, tragically killed soon after graduating, who shared with me the excitement of
our joint investigations of tooth movement in dogs.

In this thesis, studies of the PDL oxytalan fibre meshwork and microvascular blood
vessel system comprise the first three biological sections. Evidence is provided for
the reconstitution of the human oxytalan fibre system and statistical data support the
hypothesis that collagen and oxytalan fibres perform different dynamic functions.
Tooth ankylosis confirms the maintenance of the oxytalan fibre cementum-vascular
meshwork, while ultrastructural studies reveal the oxytalan fibre relationships to the
peripheral neural system and the blood vessel wall. Statistical data show species
differences in oxytalan microfibrillar structures. These additional findings provide
further support for the author’s original PhD hyptheses which remain extant.

The intimate associations existing between the oxytalan fibre system and PDL
microvasculature have led the author to study this peripheral vascular bed. Blood
vessels play a pivotal role in the maintenance and function of tissue. Nevertheless,
knowledge of PDL vessel geometry and wall ultrastructure has long been limited.
The physiologically active postcapillary-sized venule segment is shown to contain
~60% of the blood volume. Most of these venule profiles present as endothelial
tubes with pericyte cells. Stereologically, aged PDL microvasculature is proved to
undergo major changes in anatomy, distribution and physiological function.

Normally, the PDL vasculature is subjected to intermittent masticatory loads or, at
the other extreme, orthodontically superimposed continuous loads in excess of 18
months duration. The latter loads can result in the ~350um wide ligament being
reconstituted through the bone at ~60um/day over distances of 7-8mm. Thus, the
vessel endothelium, pericytes and arteriolar smooth muscle must undergo a rapid
and continuous processes of remodelling, including both shutdown and proliferation.

Early responses of vascular endothelial cells to continuous tooth loading for periods
from 1 to 3 hours have been evaluated using immunolabelling in rodents and non-
human primates. Significant region by treatment interactions occur for endothelin-1
labelling in both vascular endothelium and bone surface cells. Furthermore, it is
demonstrated that upregulation of both ET-1 and a-SMA occurs in the PDL vessels
of non-human primates after 1% hours. Clearly, immunolabelling offers a valuable
technique to examine early PDL vascular cell responses to tooth loading.

Section IV comprises a series of clinical publications. These papers were requested
principally from the author’s clinical orthodontic courses and lectures. The material
includes descriptions of the theory and application of the Begg orthodontic
technique. Other subjects cover diagnosis, anchorage control and conservation, bite
opening, incisor torque, finishing and concepts of facial aesthetics. The final paper in
this group suggests some possible avenues of future orthodontic development.

These personal investigations resulted in the design, supervision and publication of
a series of postgraduate research studies directed primarily to the microvasculature.
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SECTION . HUMAN AND RODENT OXYTALAN FIBRE
MESHWORKS

OVERVIEW: Knowledge of PDL oxytalan fibres from the author's previous
publications is greatly extended with new histological, TEM and data studies. These
papers cover orthodontic tooth movement, fibre system permenance, vertical tooth
loading, functional aspects, ankylosis, anatomical associations, microfibrillar
ultrastructure and species specificity.

Paper 1 provides the first published information that during continuous orthodontic
tooth movement in man the PDL oxytalan fibre system undergoes remodelling while
maintaining the cementum-vascular association.

Paper 2 describes an histological study of clinical tooth movement from 3 to 28
days in ten adolescents. Maintenance of the oxytalan fibre system and its
anatomical associations were confirmed within the PDL. It was hypothesized that
the oxytalan system existed and remodelled in a pre-stressed state and, in man,
also assisted in the regulation of blood flow by registering tensional changes in the
vessel walls.

In Paper 3 the effects of intrusive and extrusive molar loads transmitted to normal
and lathyritic mouse molar PDL fibre systems were analysed. It was shown that
acute loads resulted in contrasting and statistically significant changes to PDL
collagen and oxytalan fibre angles of attachment to the cementum.

Long term ankylosis of human permanent first molars, was histologically evaluated
in Paper 4. Findings revealed that the PDL cementum-vascular oxytalan fibre
system was maintained, albeit with a more random distribution. This meshwork
permanence refuted functional hypotheses put forward by other investigators.

Paper 5 comprises an ultrastructural study of mouse oxytalan fibre relationships to
PDL fibroblasts. Analysis of variance showed significant differences in the major
axis of the fibre profiles. Differences with human oxytalan fibre profiles were also
reported.

Paper 6 is a Dental Yearbook review article of Paper 4 in the annual survey of
international journals. These selected articles were considered to warrant the
attention of clinicians.

The TEM study in Paper 7 confirmed the oxytalan fibre-microvascular association in
all categories of PDL blood vessels. The predominant postcapillary-sized venule in
the mouse had an ultrastructure that differed from the traditional vessel classification
of Rhodin (1968). The neural relationship to oxytalan fibres was further defined.

Paper 8 is a TEM study which investigated the anatomical associations of oxytalan |
fibres, nerves and blood vessels. The identification of morphological models in the
PDL further supported the author’s hypothesis of an oxytalan fibre-proprioceptor
role.

Publication of Paper 9 provided the first ultrastructural analysis comparing microfibril
populations in two samples of mouse and one group of human PDL oxytalan fibres.
Data plots for total microfibrillar area against total fibril area revealed that the three
groups were significantly different at the 1% level and demonstrated species
specificity.

Paper 10 provided new TEM information on the morphological association of
oxytalan fibres with myelinated and unmyelinated nerves in the endoneurium.
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SECTION ll. PDL MICROVASCULATURE AND FUNCTION

OVERVIEW: A group of morphological investigations using light microscopy, TEM
and SEM provide evidence to make functional inferences of the PDL vascular bed.
Furthermore, stereological analyses of the normal and aged mouse blood vessel
system revealed significant aged changes in architecture and physiological
efficiency.

Paper 11 is a conference review presentation covering different types of laboratory
techniques and microscopy studies to examine vascular architecture in rodents and
cementum resorption after human tooth movement. Vascular loops and their
possible role in root and bone resorption are outlined.

Paper 12 provided TEM and SEM descriptions of a previously unreported venous
reservoir straddling the mouse molar interradicular bone. The ultrastructure of the
wall and its regional variations, wall thickness ratios, as well as the input and output
vascular components, were detailed. Also recorded were the pericyte and oxytalan
fibre associations. A name was assigned to this vascular structure.

A general logistic model was employed in Paper 13 to analyse the PDL vascular
volumes between the cervical and apical regions of the mouse molar root.
Anisotropic blood vessel distribution was associated with significant differences in
quadrant and depth effects. As a consequence, variable gradients of functional
operation were postulated to occur.

The findings in paper Paper 14 were based on microcorrosion casting in germ free
rats. SEM imaging of vascular glomeruli on all aspects of the gingival crevice
provided evidence to negate the prevailing opinion that such glomeruli form primarily
as a response to inflammation.

Paper 15 presented a review of PDL vascular morphology and emphasizes the
venous character of the system. This chapter refutes the traditionally accepted, but
inaccurate, concepts of morphology proposed by Kindlova and Matena (1962) and
also the determinations of volume distribution published by Gétz (1976, 1980). A
body of new data on this microvascular bed is provided from the investigations of
the author and his co-workers.

Paper 16 is the first published PDL stereological study of mouse molar PDL which
demonstrates the aged changes that occur in vascular morphology and architecture
of the different PDL microvascular segments. The data demonstrate the diminution
in the physiological gradients of capillary efficiency and changes in the diffusion
barrier, both of which undergo major reductions.
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SECTION Ill. MICROVASCULAR BED IMMUNOLABELLING

OVERVIEW: Investigations directed to extending knowledge of the presence of the
cytokine endothelin-1 (ET-1), and vascular smooth muscle actin (a-SMA), in the
normal and short-term, continuously loaded PDL microvascular bed.

In Paper 17, confocal laser scanning microscope imaging of RECA-1 antibody
demonstrated that it reacted with blood vessel endothelium in normal PDL and
alveolar bone. Tooth loading for 10 minutes resulted in statistically significant
upregulation of the vascular endothelium immunoreactivity with characteristic
regional variations. This modulation in RECA-1 expression is a small vessel effect,
and suggests that endothelial cell activity is an important early consequence of tooth
loading.

Paper 18 is a combined morphological and statistical investigation. Immunolabelling
patterns of ET-1 and «-SMA antibodies were examined in the microvascular bed of
normal and loaded PDL. Activity of ET-1 was established as the default state in
normal vascular endothelium. Analyses of ratio and raw data provided the first
statistical proof that tooth loading produced significant regional ET-1 upregulation
changes in vascular endothelium, bone socket surface cells, cementum surface
cells and PDL background. Concepts of ET-1 influence on vascular function and
interaction with bone and cementum cells were discussed in some detail.

The study in Paper 19 displayed patterns of ET-1 and o-SMA microvascular
immunolabelling within normal and tooth loaded alveolar bone of the rat. Marked
upregulation of ET-1 immunofluorescence occurred in most parts of this vascular
bed. The use of a-SMA demonstrated the first reported immunohistochemical
identification of pericytes in the alveolar bone microvasculature. A notable feature
was pericyte clustering at vessel branching regions. Some possible roles of blood
vessel ET-1 and pericytes in vascular control and bone remodelling are considered.
A previously unreported dental example of arteriole penetration of a postcapillary-
sized venule is Illustrated.

Paper 20 describes a study which tested the hypothesis that acute continuous tooth
loading would increase the immunoreactivity of ET-1 and a-SMA in the PDL
micovasculature of a non-human primate. Three categories of postcapillary-sized
venule (PCV) endothelial cell immunolabelling with ET-1 and a-SMA were identified.
When standardized confocal microscope settings were applied to control and
experimental pairs, loading showed a significant upregulation of both ET-1 and
a-SMA in the blood vessel endothelium.The increased antigenicity of vascular
endothelial cells to both ET-1 and «-SMA, and of arteriolar smooth muscle to
a-SMA, was a response to PDL shear and compression loads. Thus the hypothesis
was confirmed. Because interspecies heterogeneity of ET-1 dependent vascular
responses are known to occur, the use of a primate model provided a comparison
with the author’s previous rat PDL publication and, therefore, a more confident basis
for extrapolating the animal results to tooth loading in man.
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SECTION IV. CLINICAL PAPERS

OVERVIEW: A group of clinical papers related to presentations at postgraduate
courses and orthodontic meetings and subsequently requested by journal editors for
publication. :

Paper 21 reviews the application of the Begg theory of attritional occlusion to a
rationale for clinical orthodontic extraction and reviews some treatment concepts
and principles applied in using the light wire appliance.

Paper 22 directs attention to Begg round archwire control, intraoral anchorage
management and the clinical potential of round wire torquing devices.

The importance of reciprocal orthodontic appliance factors and some of their effects
associated with in the use of full banding techniques is reviewed in Paper 23.

In Paper 24 the argument is presented that contrary to the concept of precise
positioning of individual teeth at the time of appliance removal, malocclusions should
be “overtreated” ie. a Class Il to a Class Il tendency, overbites to an open bite, and
the occlusion allowed to settle under normal physiological and functional influences.

The subject of orthodontic retention is addressed in Paper 25. Consideration is
given to the role of the periodontal ligament, tooth overmovement and dental
equilibration.

Considerations of optimal anchorage management and torque control with the Begg
tecchnique are demonstrated with the presentation of the treatment records of five
different malocclusions in Paper 26.

Paper 27 describes the treatment of a female skeletal Class Il malocclusion to a
Class Il dental relationship and after a non-retention period of 3 years.
(Journal requested paper from a postgraduate course at Groningen University).

Clinical maxillary incisor torque can be a major requirement for the correction of
malocclusions with large overjets. Paper 28 describes a method is to manage this
problem.

Paper 29 indicates the important role that orthodontic treatment can play in
alleviating the intense psychological disturbances afflicting some individuals with
malocclusion.

Paper 30 reviews the disadvantages of the prolonged use of loop systems with
round orthodontic archwires when applied in the Begg or other orthodontic systems.

Paper 31 is from a series of postgraduate course lectures given at Groningen
University, The Netherlands, and requested by journal editors for European
publication. This paper describes the diagnostic application of shapes, sizes and
relative positions of jaw, tooth and bone anatomy is related to the three stages of
Begg appliance management.

Paper 32 "Diagnostic engineering” is the French publication of Paper 32.
Paper 33 “Técnica del diagnostico” is the Spanish publication of Paper 32.

The assigned lecture topic in Paper 34 provided the occasion to demonstate the
outstanding potential of Begg intra-oral anchorage and signify the contraindication of
excessive incisor retroclination during active treatment.

Malocclusions with pathological involvement necessitate a team approach as
indicated in Paper 35.



In Paper 36 the application of anchorage bends with round wires for simultaneous
control of molar and incisor correction is outlined and demonstrated with a treatment
example.

The review of the Begg technique in Paper 37 addressed some common
misconceptions associated with the clinical application of this appliance.

An assigned congress lecture topic in Paper 38 discussed the age old orthodontic
issues of facial aesthetics and challenged the misrepresented view that tooth
extraction is detrimental to optimal facial profiles. Fallacies of soft tissue orthodontic
diagnosis and treatment planning are illustrated using computerized soft tissue
reimaging.

Paper 39 was an allocated keynote presentation, given at the 95" Annual Session
of the American Association of Orthodontists and 4" International Orthodontic
Congress, San Francisco, 1995. Published as a Conference audio tape.

A hypothetical scenario in Paper 40 outlines some future changes in orthodontic
protocols with an alternative view of postgraduate training needs. Rapid progress in
biology and technology will necessitate professional vigilance and prompt response
to new challenges.
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{Demography and Orthodontic Care in South
jAustralia. 5.B. BAJADA* and M.R. SIMS
iDepartment of Dental Health, University of
iAdelaide, Adelaide, South Australia.

This study examines the demographic factors of
population size, age groups and their distribu-
tion, which relate to the need for orthodontic
care. Essential data was obtained from the Bureau
of Census and Statistics and largaly based on the
1971 Census, To ensure the cemparability of this
investigation, the Bureau's system of categorisa-
tion of data was adopted.

The populations in the 0 to 19 year age group.
which represent current and future orthodontic
patients. in Adelaide and country divisions, were
specifically studied. The Adelaide division had
a large proportion of 0 to 19 year population.
Considering the distribution of this population,
future plans for urbanisation, socio-economic
status and familism, areas in the Adelaide
division showed varying requirements for ortho-
dontic care. In the country divisions there was
a significant number of centres which had large
and stable populations in the ages requiring
orthodontic attention.

Future orthodontic needs will be influenced by the
projected increase in the populations in urban and
rural areas and the development of the satellita
city of Momarto.

Demographic factors play an important role in the
pattern of organisation and delivery of dental
health care.

Abstract 1.3
J Dent Res 56:D202, 1977

a7

!P:rfura:ing Fibre Bundles in the Human

jMandible. R.J. EDNARDS® and M.R. SIMS

! Department of Dental Health, University of

i Adelnide, South Australia.
A study by Cohm (1975) demonstruted transalveolar
{perforuting) (ibre hundles wherever lamellated
bone without Haversian systems was present in
human jaws. The purpose of the present
investigation was to examine the perforating
fibre bundle pattern in the incisor, premolar and
molar regions of normal human mandibles.
Segments of mandible Erom autopsy subjects
ranging in age from 11 to 68 years were examined
histologically in the mesiodistal, buccolingual,
and horizontal planes. Gordon and Sweet's
Shlver stain combined with Van Gleson proved to
be the best method for the demonstration of the
fihre bundles. Perforating fibre bundles were
observed passing through the crestal third of
the interdental, interradicular, buccal and
lablal bone in the mandibular molar, premolar,
and incisor region of 19 to 21 year old males and
females. Fibre bundles were also noted in the-
premolar interdental area of the alveolar bone
erest of an 11 year old female. A theory is
proposed to account for the presence and
arrangement of these fibre hundles within the
crestal regions. A morphological ditfcrence at
the site of insertion of the Fibre bundles into

the alveolar bone on the mesial, distal, lahial
snd lingual surfaces wai ubserved.  Age changes
Tn the fibre bundles and their pattern were also
noted.

Some findings of this investigation differed from
those of Cohn. The perforating fibre bundles
distribution may have signiticant orthodontic

implications.

Abstract 1.2
J Dent Res 56:D202, 1977
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{Collagen Fibre Bundles in the
iAlveolus of the Mouse Mandible. T.H.
iDUNSTAN®and M.R. SIMS. Department
;of Dental Health, University of
Adelalde, South Australia.

Histologlical patterns of the collagen
fibre bundles in the molar alveolar pro-
cess of the mouse mandible were studied.
These findings were compared with those
of Cohn (1966, 1972) and Quigley (1970).
These authors concluded that in the mouse
and some other animals the principal
collagen fibre bundles extended between
adjacent teeth, coursing through the
interdental bone where the bundles ‘were
described by Cohn as transalveolar
collagen fibre bundles. 1In the present
investigation, specimens were sectioned
at eight microns in the axial mesio-
distal, buccolingual and horizontal
planes. Sections were stained with the
silver method of Gordon and Sweet and
studied with the .light microscope.

Many of the principal collagen fibre
bundles could be traced from the
cementum of one molar through the inter-
dental alveolus to the cementum of the
adjacent molar. Transalveolar fibre
bundles were also seen passing through
the buccal and lingual alveolus to the
periosteum.

In the interdental and interradicular
regions the principal collagen fibre
bundles demonstrated localised varia-
tions in morphology- It was concluded
that these morphological differences
may be related to the migration of teeth.

Abstract 1.4
J Dent Res 56:D202, 1977
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A Scanning Electron Microscopic Study of

{ Orthodorfitic Root Resorption. M.R. HARRY* and

iM.R. SIMS. Department of Dental Health,

{University of Adelaide, South Australia.
Recent scanning electron microscopic studies by
Kvam (1972) on the effect of bucally directed
orthodontic forces on human roof surface
topography have shown root resorption to occur in
the cementum sfter approximately 10 days. The
present project was undertaken to study the
effects of the magnitude and duration uf intrusive
forces on the rout surface of human premolar
teeth.
Premolar teeth were obtained from patients
who required extractions prior to orthoedontic
treatment.. Maxillary and mandibular
experimental premolars were intruded by means
of a Begp type archwire. The contralateral
premolar of each dental arch was uvsed as a
control. Fxtracted premolars of two patients
who had worn a fixed rapid maxillary expansion
appliance were also cramined for changes in
root surface topography. Resorption. was
observed in all teeth that had been intruded for
longer than 14 days. Where heavy intrusive
forces had been used resorption was more severe.
Rapid palatal expansion appliances caused severe
resorpeion of the buccal surfaces of the attached
premolars,  These findings suggest that some
orthodontic forces amdversely affect human teeth.




Abstract 1.5
J Dent Res 58:2240, 1979
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Ultrastructure of Human Periodontal Blood
Vessels. D.R. GILCHRIST*, Department of
Dental Health, The University of Adelaide.

Many techniques have been used in the study of
periodontal ligament vasculature. Electron
microscopic investigations are, however, scant.
This study examined vessels maintained in situ
between the tooth root and a segment of the over-
lying alveolar plate., Specimens were obtained

from orthodontic patients requiring first premolar

extractions as part of their treatment. The
surgical technique involved removal of the tooth
with a small section of attached buccal plate.
The tissue sections comprising a sandwich of
tooth, periodontal ligament apd attached bone were
demineralized in 10% EDTA at 4°C in a phosphate
buffer for periods of 10-17 days. Specimens were
then Further reduced, embedded in Spurr's resin
and sectioned for the TEM using glass and diamond
knife ultramicrotomy. Various types of vessels
were identified. Their distribution was in
accordance with generally held ideas. Larger
vessels coursed apico-gingivally in the middle of
the ligament. The smauller vessels projected
towards the cementum from this central area.
Ultrastructural associations that did not seem to
have any parallel in reported studies of other
vascular structures were found involving extra-
cellular fibrous elements. It is proposed that
this fibrous/vascular relationship is related to
the specialized function of the periodontal
ligament. Adopting the standards of vascular
classifications for other tissues, the conclusion’
is reached that the vessels observed in this
study were non-arterial.

Abstract 1.7
J Dent Res 60:1074, 1981
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Endothelially Lined Lymphatics inHuman Alveolar
Bone and Periodontal Ligament. J.H. BARKER and
M.R. SIMS*. Department of Dental Health.

The University of Adelaide, South Australia.

Lymphologists report that there are no endothelial-
1y lined lymph vessels to be found in the cortex or
medulla of bones (Deysine 1973; Olszewski et al
1977). However, during systematic qualitative and
morphometric stereological analysis of human perio-
dontium, we have found initial lymphatics within
alveolar bone.

Six human maxillary first premolars were surgically
axtracted leaving biopsied buccal bone and perio-
dontal ligament attached to the coronal two thirds
of the roots, The intact specimens were processed
for viewing in the transmission electron microscope
(TEM). Horizontal serial sections lumthick were
viewed using light microscopy. Where vessels of
any type were seen, silver sections of the same
-area and orientation were mounted on grids and
photographed in the TEM. Lymphatics were identi-
fied by various ultrastructural criteria including
shape, size, wall structure, types of endothelial
junctions, fibrillar insertions into the endothelial
lining and the presence of fat globules (Casley-Smith
1980).

Both large and small cancellous spaces in the
3lveolar bone of each sampled specimen contained
numerous vessels, all of which were ultrastruct-
urally classified as 'initial lymphatic' vessels.
These vessels protruded into the alveolar third of
the periodontal ligament via foramina in the lamina
dura. Thus, by contrast with other bones, human
alveolar bone is, so far, unique.

Supported by: Australian Society of Orthodontists
Foundation for Research and Education

Abstract 1.6
J Dent Res 58:2240, 1979
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SEM Assessment of Rapid Maxillary Expansion on
Premolar Root Topography. A. BARBER*, Depart-
ment of Dental Health, The University of
Adelaide.

Sutural responses to forces generated by rapid
maxillary expansion (RME) have been clearly ident-
ified. In contrast, the effect of RME on dento-
alveolar structures has been poorly defined. In
this project the reaction to RME at the tooth
periodontal ligament interface was examined. Six
patients, aged 10-14 years, were treated with RME
appliances fitted to first molars and either one
first premolar (group one) or both first premolars
(group two). Each of the three group one patients
had both first premolars removed 1, 8 or 36 weeks
after expansion. Group two patients had one first
premolar removed immediately after treatment and
the other 16, 24 or 32 wecks later. Each root
specimen was rendered anorganic in sodium hypo-
chlorite, alcohol dehydrated, air dried and coated
with carbon and then gold-palladium before being
examined in a Siemens Autoscan SEM. Untreated
group one first premolars exhibited essentially
normal root topography. The 1 and B week premolars
showed sites of active resorption limited to the
cervical third of buccal root surfaces. The 30
week premolar showed extensive, predominuntly
repairing resorption bays in the buccal root
surface. Group two premolars extracted soon after
treatment exhibited limited resorption of buccal
root surfaces. The premelars extracted at 16, 24
and 32 weeks exhibited more extensive but mainly
vepairing bays. The typical response of anchor
premolars to RME was extensive cementum and dentine
resorption followed by cellular cementum repaiv.

Abstract 1.8
J Dent Res 60:10, 1981
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An SEM Study of Cementum Repair in Humans.
S.R. LANGFORD*, The Department of Dental Health,
Th

Reports of root resorption associated with ortho-
dontic treatment have generally centred on apical
root loss. In contrast, recent studies reportad by
Wainwright (1973), Reitan (1974) and Barber (1878)
have demonstrated extensive root surface resorption
related to mechanical forces on teeth. Although
repair of such defects has been reported, reattach-
ment of principal periodontal fibres has not been
demonstrated, The purpose of this study was to
examine repair cementum on root surfaces to determine
if reattachment could be observed in the SEM.
Topographically, principal periodontal fibres
inserting into cementum are characterized by either
Sharpey Fibre mounds or depressions (Boyde and Jones,
1972) .,

Extractad upper first premolar teeth, which had
served as anchor teeth for rapid maxillary expansion
and retention in orthodontic patients, were rendered
anorganic and examined in the SEM, Extensive surface
resorpcion was found on the buccal facing aspect of
all these teeth, [n most resarptive defects repair
was seen to be occurring with cellular cementum
while resorption was still active at the periphery
of the defects, particularly with the shorter
retention periods. Early repair occurred with
rapldly mineralizing cellular cementum while later
repair tissue appeared to be more slowly mineral-
izing cellular cementum. Depressions interpreted

as periodontal fibre insertion sites were observed
in the mineral front of repair cellular cementum.
The nature and distribution of these depressions was
variable and no regular pattern of occurrence was
discernible. 1t was concluded that functional
reattochnent of principal periodontal fibres does

gccur 1in rEEIl.il' cementum,




Abstract 1.9
J Dent Res 62:409, 1983

58 Ultrastructural Associations of Periodontal

Oxytalan Fibres, 8.1 5PW5, Department of
Dental Health, The University of Adelaide,
South Australia,

Controversy surrounds the function of the oxytalan
fibre system. The ultrastructure of mouse malar
‘periodontal ligament was examined to establish the
relationship of the oxytalan meshwork to other
ligament structures.

Thirty day old male mice were perfused via the heart
with a solution of 4% glutaraldehyde and 0.89% QsOy
in Na cacodylate buffer. The mandibles were
demineralized using 0.1M EDTA in cacodylate buffer
at pH 6.9, containing 2.5% ylutaraldehyde, cut into
sinall molar blocks, postfixed and embedded in Epon
312, Ultra-thin  sectlons in the silver-grey
interference rangz were stained with uranyl acetate
and lead citrate for TEM examination.

Oxytalan fibres were shown to approximate
myelinated nerves, cxposed unmyelinated axons and
free nerve onlings located alongside and within the
walls of the microvascular bed. This periodontal
model validates the hvpothesis that the oxytalan
meshwork forins part of a proprioceptor system.

Abstract 1.11
J Dent Res 64:652, 1985

Mlcraflbril Populations In Mouse and Human

24 Periedontal Oxytalan Flbres, M.R. SIMS®.
Department of Dentistcy, The University of
Adelalde, South Australla,

There are no reports which quantlly or compare the
microfibril content of animal und human oxytalar
tibres In the periodontal liganment, For this TEM study
four 30-day old male mice were perfused with 2%
glutaraldehyde and 0.8%% OsO; In 0.]IM cacodylate
butfer at pH 7.4, The mandibles were demineralized
at 4°C with 0.IM EDTA In 2.5% cacodylate buffer ar
pH 7.4, post-fixed In OsO4, and embedded in Epon
Bl2, Human maxlllary and mondlbular periodontal
ligarnent was obtalned from the extracted preraolars
af two females aged |4 and 1& years. This tissue was
simllarly flxed, demlneralized and embedded. Blocks
were sectloned parallel to the occlusal plane In the
silver-grey  interference range, siained, and
photographed In a JEOL 100-5. Magnifications were
checked agalnst a cress-grating replica. Forty true
cross-sectional profiles of oxytalan fibres were
selected fram representative levels between the
cervical and aplcal limits of the mice mandibular first
molars, Forty comparable human oxytalan flbres were
recorded in cross-section, From ench pool of data,
ten mouse and ten humon flbres were randomly
selected and digitized for total fibre area (TFA) and
rnlcrofibrillar area (MFA). A third group ol specific
mouse oxytalan flbces (RER) was also evaluated.

Analysis ol covariance showed that the structural
relatlonship between MFA and TEA was llnear for
each of the three groups. Slopes for the mouse and
%F_.hqwm@
but dlfferent (p<0.03) for the RER Fﬁp_.__lmlg
foc_all three groups were signiflcantly different at the

level.

Abstract 1.10
J Dent Res 62:409, 1983

5 Vascular Architecture of Rat Molar

Periodontlum. W.T. WEEKES* and M.R. SIMS,

Department of Dental Health, The University of
Adelaide, South Australia.

Previous investigations into the vascular architecture
of rat molar periodontium have been limited to
describing "blood vessels" with no categorization into
arteries or veins. Kindlova and Matena (1962) provided
such a delineation but their work has not been
confirmed. Pilot studies showed that their model
required revision,

Sprague-Dawley rats were perfused with methyl
methacrylate using the method of Murakami (1971)
modified by Gannon (1980). The tissues were corroded
using KOH, HCL and enzymes. The casts were rendered
conductive by osmification (Murakami et al. 1973).
After sputter coating the casts were viewed In the SEM
at 20kV. Stereopairs were taken.

Two patterns of blood vessels occurred in the
periodontal ligament. (1) Around the perimeter of the
socket, vessels coursed uninterrupted from the apex to
the coronal region In a pallisade arrangement. (2) At
the interradicular septum, arterioles from the medulla
perforated the socket wall, enlarged and coursed
occluso-apically for a short distance before re-entering
the medulla to anastomose with venules draining other
similar vascular formations. In both arrangements the
periodontal, ligament vessels appeared to be venous In
nature.The division of periodontal ligament vessels into
definite_arterial and venous networks could not be
supported. In the interproximal col region there existed
a number of large glomerular structures which have not
been reported in the rat. The gingival crevicular plexus
consisted of a dense network from which arose a band
of twisted, vascular loops that extended towards the
crown of the tooth. Vascular loops in the crevice
repion _are part of the pingival plexus, not the

eriodontal plexus.

Abstract 1.12
J Dent Res 65:775, 1986

‘)67 Gingival vascular Architecture of the Common
= Magmoset (Calllthrix jacchus).

W.T. Wockas* and M.R. Sims, Department of

Dantistry, The Univermlty of Adalalde,

South Austrulla.
in previous investigatlons (Weckes and Sims 1985) the
vagcular architecturs of the rat molar glnglval crevice
wig damcrlbed, utllising the vmscular casting SEM
tachniqua, This technlque hos been applied in the presaent
pruject to viaw the mlcrovasculature of the ginglval
tisgugs in the common marmoset (Callithrix jacchuu), a
model more closaly resembling man.
Three marmosats ware anacsthetised and perfused with
physiological sallne vla both carotid artaeries. Fluid
egrass was via tho right atrium and perfusion contlnued
untll blood was eliminated from the vascular bed. Pre-
polywmerised mathyl mathacrylate was lntroduced lnte the
vascular system under pressura. Followlng polymerisatlon,
ali tissues were corroded away using 20% KOil followed by
Ies Hicl. rhe casts were rendered conductive by gold
coating and viewad in the SEM at 20kv and photographed as
stereopairs.
Delow tha vestlbular eplthalium, vessols wera aggregatoed
into occluso-apically oriented ridgos separated by deep
zlefts, Halepin-like loop formatlons occurred at the crest
of tha vascular ridges and abundant anastomoses occurred
betwaen the loopa. Supply and dralnage was via vessols
orlentad at kight angles to the epithelial purface. Few
branches butweun thoue dosper vessels wWere observed.
Vessule at the crout of each ridge were appraximataly
10 to 12 micromutres in diamater.
Tmmedlately below the crevicular epithellum the vascular
ridges bucama less distinct and, in some speclmeons,
disappeared. The halrpin loops of the vestihular glngiva
wera roplaced by densuly packed vessels, 12 to L5
micromatras in dlumeter, arranged into glomerull
comprising 3 or 4 loope In each.
Acrrangumenta of marmosst vasculature that differed from
the rat wera (1) vascular ridges beneath the vestibular
epithellum and (2) a densaly packed layur of glumerull
below the crevlicular epithelium.




Abstract 1.13
J Dent Res 68:542, 1989

Abstract 1.14
J Dent Res 69:943, 1990

Abstract 1.15
J Dent Res 71:982, 1992

25 Scanning Electron Microscopy of Marmoset Periodontium and Palate
Microvasculature using Corrosion Casts. 0. LEE* and M.R. SIMS
The University of Adelaide, South Australia.

The aim of this study was to examine the microvasculature of the marmoset
periodontium and palate using corrosion casts. Eight adult female marmosats were
perfused with Mercox resin and the tissues were macerated. Cleaned casts were
examined in a scanning electron microscope.

The palatal vasculature consisted of a subepithelial capillary network orientated
sagittally. Capillary 1loops arose from this network, extending into the
connective tissue papillae. The deeper venous network lacked a definite sagittal
orientation. Arterioles were less common in the palate and tended to lie at a
deeper level than venules.

Lying adjacent to the Junctional epithelfum around each tooth was a clrcular
plexus of vessels. Just coronal to this plexus, on the crevicular side of the
gingiva, lay crevicular loops, which also encircled each tooth. There was
considerable varfation in the crevicular loop patterns. Crevicular loops derived
their blood supply from, and drained into, the circular plexus and the
periodontal 1igament plexus.

The periodontal 1igament consisted of a network of occluso-apically orientated
vessels. Arterioles were less commonly found, tended to have a constant
diameter, ran a straighter course, and branched less often, compared to venules
which had varying diameter, ran a more sinuous course, and branched more often.

This investigatfon demonstrated distinct species differences with previous
Studies of Ehe mouse and rat microvasculature.

his study was funded by the R.5.U. Foundation for Research and Education.

83 Tracer Molecule Passage Across Perlodontal Ligament Vascular
Endothelium. 5.M.COOPER* and M.R,SIMS. Department of Dentlstry,
Unlversity of Adelalde, South Australla.

The lablle water-rich tissue channels of connective tissue can be visuallsed
directly by fllling them with tracers as a form of negative staining, The
purpose of thls study was to examine the effect of an applled force on the
tissue channels of the perledontal llgament of the rat.

Fourteen male rats were anaesthetised and a N tenslle force was applled to the
maxillary rlght flrst molar for a period of 30 mlnutes. The left first molar
served as the control. [n elght rats, sodium ferrocyanide was perfused through
bilateral carotid arterles, and precipitated with a cobalt salt contalned In the
fixative to produce the lonic tracer, Six rats recelved one experimental fon
only, to provide tracer controls. The maxlllae were dissected out, demineralised
and prepared for TEM analysis. Apical areas of the mesial root of the right and
left sides were viewed at 10,000X magnificatlan, and the number of tlssue
channels/umZ connective tissue adjacent the blood vessels were counted.
Immedlately adjacent the endothelium, the mean +- standard devlatlon density was
0.43 +-0.05 on the left side, and 0.65 «-0.13 on the right side. The density of
tissue channels decreased away from the endothelium (p¢D.01). Extruslon resulted

dn a stat, sig. incresse 1n tissue channel density adlacent to arterlal and
venous caplllaries and post-caplllary slzed venules (p¢D.01). The slze and
density of the tissue channels concur with tissue channels In other tissues

(Reviewed by Casley-Smith, 1983).

PDL Neural and MNicrovascular nncnnst!.rution Following
46 orthodontic Incimor Extrusion. A.P. WEIR" and HW.R. SIMS.
(Departmant of Dentistry, The University of Adelaide):

rour adolescent narmosats (Callithrix jamochus) weres used as a
modael to mimic clinical ¢ baaq t to subgingival
incisor crown fracture. This regime involves endodontic th-ngy
and orthodontic extrusion to allow corown restoration. The animale
wera anaesthetized with Saffan and the upper left central inclsor
sectioned at the gingival margin. vital pulpectomy and immediate
root csnal obturation was carried out. A sSamarium-cobalt sagnet
wags cesented into the decoronated incisor root surfaces, and
individually cast cobalt-chrome devices bonded to the maxillary
anterior teeth with an identical magnet fixed in a housing over
the treated incisor. Each left maxilla incisor wse extruded
1.2m= and retained for 10 wacks. Ths animals ware perfused via the
common carotid arterles with 3.6% glutaraldebyds and 0.9t osmium
tetroxide., The maxillary incisor blocks were demineralized in 0.1K
EDTA in 0.06M cacodylate buffer and prepared for TEM examination.
The apical reglon blocks were imolated and ultrathin sasctloned to
allow random salectlon of tissus for viewing and rmrding-
Standard int counting techniqueas wers used to norrhautr:.cll y
qumtlg vascular and neural components. Statistical anslymias
reveal: no significant morpholegical differesnces bstwesan the
ocontrol and axperimental microvasculoar beds following retantion.
Ingisor axtrupion nnd long tarm retention is accompanied by

eeconatitution of the PDL vasoular and neural symGems.




Abstract 1.16
J Dent Res 72:677, 1993

Abstract 1.17
J Dent Res 72:677, 1993

Abstract 1.18
J Dent Res 72:677, 1993

Ageing Changes in the Periodontal Ligament Microyascular
96 Bed - Luminal Volumes. M.R. SIMS, W.J. SAMPSON, P.T.

LEPPARD and C.W. DREYER. Orthodontic Unit, Department of

Dentistry, The University of Adelaide.
There are no published gquentitative electron microscopic data on
ageing changes in the periodontal ligament (PDL) microvascular
ped. It has besen noted that the vascular volume decreases With age
(Bradley, 1976). However, the validity of this statement has not
been statistically tested. This investigation wes undertaken to
quantitatively aneslysa PDL microvascular Dbed luminal ageing
changes. Four 35-day-old male ALCA mice and four colony related
ona-year-old male mice were aneesthetised and perfused via the
ventricle with 2.5% glutaraldehyde containing 0.9% 080, W/V and
0.06M cacodylate buffer. Mandibles were demineralised at 4°C with
0.1¥ EDTA in 2.5% glutaraldehyde. The first molar blocks wera TEM
processed and the PDL sectioned on the mesial aspect parallel to
the occlusal plane at 150pm intervals from the alveclar crest to
the apex. Sections were TEM stained and micrographs taken in the
tooth, middle and bone cilrcumferential +thirde at each leval
(Freezer and Sims, 1987). Point count data were stereologically
analysed (Nyengaard and Gundersen, 1988) and alsoc evaluated using
a repsated measures ANOVA. With agelngi the total vascular volume
increased from 8.5% + 1,37 to 19.5% * 3.i14 SEM. The collecting
venule volume increased fourfold (p<0.001). Adeing results in
glanificant regional shifts Iin mi
a x2.3 luminal volume increase in the mouse molar PDL.

Stereological Changes in the Microvascular Bed of HMouse
97 Molar ‘Periodnntal Ligament With Ageing. M.R. SIMS, C.W.
DREYER", P.I. LEPPARD and W.J. SAMPSON. Orthodontic Unit,
- Department of Dentistry, The University of Adelaide.
on the basis of histological observations of animal and human
periodontal ligament (PDL), it ia claimed that ageing in the
microvascular bed ig characterised by the prasence of
arteriosclerotic changes (Grant and Bernick, 1970, 1972; Levy et
al., 1972). Subsequently, Seversen et al. (1978) refuted this
finding following histological study of human and animal PDL. The
present TEM study was undertaken to re-evaluate these conflicting
claimse. Four 35~day-old male ALCA mice and four 1 year old celony-
related male mice were perfused for TEM examination (Freezer and
Sims, 1987). The mandibular molar mesial PDL was sactioned
parallel to the occlusal plane at 150pm intervals from the
alveolar crest to the apex to sample the microvascular bed in the
tooth, middle and bone circumferential thirds at each leval.
Vessels were stereologically analysed (Nyengaard and Gundersen,
1988) using a 140 point sguare lattice grid.

Microstructural Studies of Orthodontic Wires.
a8 J, SINGH 1, J.V. BEE2, and M.R. SIMS! (1Orthodantic Unit, Dept. of Dantistry,
2Dapt. of Chemical Englneering, Unlvarsity of Adalalde, South Australia).

The mechanical properties of the relatively new a-titanium orthodontic wires have besen
studied for comparison with those of f-itanium and stainless stesl. Since these properties
and the performance of the wires are largely determined by their structures, an
investigation has been carried out to characterise {he microstructural features of each Ig&e
of wire. Preliminary studies were performad using Scanning Electron Microscopy (SEM)
and Energy-dispaersive X-ray Analysis (EDS) to observe Iaq?er features and determine
chemical composition data. In ordyar to obtain meaningful microstruciural and analytical
Information on these exiremsly fine structures it was nacessary to camy out further studies
using Transmisslon Electron Microscopy (TEM) techniques. :

The purpose of this paper Is to present the results of these electron microscopy
investigations which reveal the detsiled microstruciures of orthodontic wires. Stalnless
steel, a- and B-itanlum alloys all exhibiied heavlly dislocated, elongated grain structures,
characteristic of cold-drawn material. The steinless steel wires had the finest microstructure
with longitudinal grain thickness as small as 30nm. The fitanium alloys were slightly
coarser but still had typical dima.islons of the order of only 1-2um. )

techniques is e h_for the microstructural charactensation o

i t 1 the undersi
This study was supporied by A.J. Wilcack,
Road, Whittlesea, Victaria 3757, Australia,

arties.
jantific and Enginearing Equipment, Kinglake
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Corrosion Cast SEM Stereopair Study of Marmoset PDL. C.M.
95 STANLEY* and M.R. SIMS (Department of Dentistry, The
University of Ade<laide, S.A.): . 5 3

The three-dimensional microvascular structure of the marmoset PDL is
imperfectly understood. Most studies in the t have been lmited to two-
dimensional histologic or TEM sections. %ghse resolution of the SEM
combined with stercopair imaging of corrosion casts provides three-
dimensionzl interpretafion. Corrosion casts dfrcviuusly reported by LEE et
al., (1991) were used to examine the unstudled anterior reglons. The casts
were immersed In double distilled water. Air bubbles around the casts
were reduced through evacuation and the specimens frozen. Using a mini-
motor with a diamond cutting wheel, the casts were sectioned midsagittally
through the tooth sockets. r blades were used for final rimming.
S cant vascular arrangements included: (1) An arterial supply to the
mandibular lablal gingiva originating in the apical PDL. (2) An arterial
supply to the mandibular PDL from the alveolar mucosa. (3) Venous
drainage from the mandibular PDL to the alveolar mucosa. (4) Large
venules draining down the mesial mandibular PDL. (5) Different patierns
of pulpal venous drainage into the apical PDL vessels. m&@ﬂ
a lmowiedge of the normal microvascular siruct:

Stereology of; Blood Vessels in the Perlodental Ligament (PDL) of Man.
28 K w.cC. FOONGI, MR, SIMS*, W,. SAMPSON! and C.W. DREYER!
{(Dental Faculty: The University of Adelaide! & University of Sydney.):

Histological studies of human PDL report mean blood vessel volumes from
1.63% to 3.5% (Gbtz 1976, 1980). However, stereological TEM animal data show
luminal volumes from 7.5% to 11.3% (Freezer and Sims 1987; Parlange and Sims
1993). Therefore the present TEM study was conducted to provide stereological
blood vessel data in human PDL, Four premolars in the left and right
mandibular segments of a 20 year old burns victim were immersion fixed In 2.5%
glutaraldehyde and demineralized at 4°C in 0.1M EDTA. The teeth, bone, and
PDL were processed for TEM. Stereologlcal evaluation revealed PDL mean
luminal blood volumes from 897 + 2.05% (SE) to 9.52% +2.28%. Wall volume
added 3.39%. These findin PDL blood volum even f

i Mean blood volume does not accurately
define the regional distribution of the microvascular bed, This study was
supporied by a grant from the Australian Seciety of Orthodontisis' Foundation
for Research and Education.

A Comparison of Nickel-Titanium Wires by Tensile Test.
81 G STANTON*,T.MORI and M. SIMS (Faculty of Dentistry,
University of Sydney, Australia).

Wires of various compositions are used in orthodontic treatment. The purpose of
this study was to compare nickel-titanium wires by assessing their tensile properties.
Eight commercial wires, 0.4 mm in diameter, were tested at a cross-head speed of
| mm/min under ambient conditions. A stainless steel wire was included for
comparison. At least five specimens were tested for each wire. After the initial
linear relationship between load and elongation (modulus of elasticity), the nickel-
titanium wires showed characteristic pseudoplastic behaviour (often called
superelasticity) and then a second linear relationship in all but one (Nitinol). The
values for modulus of elasticity ranged from 27-42 GPa for the first, including
Nitinol. They were significantly reduced in the second in most wires. Other
properties abtained with the nickel-titanium wires (except Nitinol} were 300-490
MPa for 0.1% yield strength, 8-10% elongation, and 1250-1500 MPa for ultimate
tensile strength. Significant differences in force exist among nickel-fitanium wires
{lising t} lastic id 1 by the viel "
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ch the nodonlal ligament endothelial junctions of mica.
302 JQSAM?E gle'n pa I%AMPSON (Facully; of Denlistry, The

University of Adalalde)

Vascular parmeaony 1s airectly proportional to changes in microvasculature andothelial
Junction morphology (Bundgaard, 1988), and decreases with age (Hruza, 1977). An
increased number of endothelial junction trgm regions is relaled to a reduction in
permaability of microvessels (Rippe and Haraldsson, 1994). The aim of this study was to
assess endothelial junction morphology of c,aosicaplllary-snzad venules (PCV) of four youn

-ALCA (35 days) and four colony related old mice (365 days). The mice were anaesthetise

and perfused with 56% glutaraldehyde and 0.9% osmium tefroxide W/V in 0.06M
cacodylate buffer. Right and left mandibular first molar mesial rools with associated
periodontal ligament [ DL) and bony socket were dissecled oul and demineralised at 4°C
with 0.1M EDTA in 2.5% glularaldehyde and embedded in resin. Blocks were seclioned at
160pm Intervais from the alveolar crest lo the tooth apex and stained for transmission
electron microscope assessmenl. Al each level, five PCV each with one complele
endothelial junction were selected at random. Junction dimensions were measured on
standardised micrographs magnified x 150K. The percentage of n?hi regions was 13.7% *
3.5% higher in the old mice (p < 0.001) using a chi-square analysls. Tighl regions (89.0%)
were largely confined to the luminal side of the PCV. Other junctional dimansions (length,
widlh and size) were noa 1ound to a!ter in aged PDL. Ih_esﬁ_nh,angg;_u]_andmhg]mumm

ang
S:unies assessing permeab[]lly inaged
eaded lo confirm this nonclus on. (This study was supparied by the Auslralian
Soclaty of Orthodontists Foundation for Research and Educalion)

Morphometry ui narves in the hurnan premolar periodontal ligament.
2038 Kwc. Foong' and MR. Sims® (Faculties of Dentistry, National University of
Singapore' and University of Sydnay’)

Volumetric quantification and distribution of periodonial ligament (PDL) nerves have been
documented In mice by Freazer end Sims (Aust Ortho J 11:30-37, 1989), and in marmosets by
Parlange and Sims (Eur J Oriha 15:3344, 1993). Huwwur mnrphumeh'ic dala nn human
periodontal innervation is lacking. Th , the p trar Y (TEM)
study was conducied to provide nwrphnrmamc nerve dala In human PDL. Four prarnolars in the
left and right mandibular segments of & 20 year old bums victim were Immersion fixed in 2.5%
gluteraldehyde and demineralised at 4°C in 0.1M EDTA. The testh, bone and PDL were
precassed for TEM. Ultrathin horizontal seclions (Ag-Au interfarence range) were obtained from
lhe distolingual ‘end distobuccal ligamenis from the alveolar crest to the root apex at
predetermined levels, 1000 microns epart Data collecled using standard point counting
procedures were analysed with ANOVA for main effects due to side of mouth, depth and zone
acrogs ligament The mean axon volume was 0.52 = 0.12% (SE) of the tolal PDL volume.
Schwann calls and K-cells contributed an additional 0.48 + 0.11% (SE). Unmyelinated axons were
five to six times as 1 as myelinated axons. isti significant differences (p<0.05)
occured batween different lateral thirds, and between the vertical thinds. The greatest reiative
proportion of axons is located in me mld lateral lhird {approximately BG per cant), and in the apicai

third (= 70 per cent) |hai ral com| the 5

niform variabla reagional cancentr nerves guggesis differential news ion and
reaffirms {he_anisotropic nature of this gnnuclive tissue, This study was suppnnad by a grant
from the Auslralian Society of Orthodontisis' F ion for R: and E

Neurovascular constliution In marmoset periodontal igament alter | tarm ratenilon,
471 S. CHINTAVALAKOAN ™1, M,A. SIMS2 and KW.C. FOON (Denlal Hospltal,
] Bangkoi . Unlvarsily of Sydney? and Nallonal University of Singapored).

Maxillary Incisor fracture Is a common denial Injury, and Is olten treated by endodontic therapy,
orthodonllc extrualon, and a relenlion period. The aim of this sludy was to mimic this regime and fes! the
hypothesis that vascular and neural recansiitullon of the parlodontal ligament (PDL) was complete aller a
long term non-human primate ralention ol 30 wesks in the marmosst, which approximaled 3 years in
human terma. Four male marmossia (Callithrix [acchus) were used s anlmal models to simulate this
regime. The procedurs Involved the upper lelt central Inclsor crown remaval, rool

canal therapy, followad by megnetic exirusion of 1.2 mm. The fraclured incisor was relained in the
exiruded positlon for 30 weeks. The upper right central Incisors acled as conlrols. Each anlmal was
psdumun fixed wllh 5.6% gh.llarlmhyda and D 8% osmium lelroxide mbxiure. The tealh, bone and PDL
TEM. Hi t 150 micron levels from the plveolar crast o the root apex

werﬂ “oblained 1rum the _most masial PDL regions. Data collected using standard polm counting

pre were analysed using & g linear regrassion model lor diff conliol
and experimental neural and vessel voll Dt In vasaal diameters and vasssl wall
ihicknesses were assessed using ANOVA, Stereologi if d that of

PDL blood vessels and nerves were essentlally complete nner &30 weak rs|enllon perlod. However, wela'
thickness of poﬂcaulllw dznd vonules in oxpunmanlal central Indsnr: were slgnlilcan!iy smalinr
). Ihe hile ablishment 1

n Cilnlcnl Impl\uaﬂms ni Ihh; uludy suggasl a ralanlmn
period of belween 1 and 3 years in human larms In order lo maximise resloration of both syslems, and
minimise orthodonilc relapse. This study was supported by a grant from the Ausiralian Socisty of
Orthodontists’ Foundation for Research and Educalion.
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2581 Microvessel changes In aged mouse perlodontal ligament. ]. CAMERON®,

M.R. 5IMS, W.]. SAMPSON (Departmeni of Dentistry, The University of

Adelaide, South Australia, 5005).
The morphology of the microvasculature bed of periodontal ligament (PDL) provides
Information regarding PDL functon, e.g,, permeability and tissue perfusion. Age changes
in mice PDL blood vessel luminal volumes and wall thickness have been reported (Sims,
| Dent Res 70: 677, 1992). This study almed to assess postcapillary-sized venule (PCV)
morphology of four young ALCA (35 days) and four colony related old mice (365 days)
using transmission electron microscopy (TEM). Anaesthetised mice were perfused with
56% glutaraldehyde and 0.9% osmium tetroxide W/V In 0.06M cacodylate buffer.
Mandibular first molar mesial roots, with associated bony socket and PDL, were dissected
out and demineralised at 4°C with 0.1IM EDTA in 25% glutaraldehyde. Tissue blocks were
resin embedded, sectioned at 160 pm intervals from the alveolar crest to tooth apex and
stained for TEM. Dimensions of five PCV per level were measured on standardised
micrographs magnified x1500. Age effects were tested using multiple regression. Age had
ng significant effect on PCV diameter or type. Numbers of PCV in the PDL tooth third
were higher in old mice (p < 0.01). Of these PCV, significantly more were aperlcytic (p <
0.001). Numbers of PCV decreased significantly (p < 0.001) in young mice in the 'DL
middle circumferential third halfway down the molar root.

e _may Indi n ifi f PDL latu!
during ageing. Permeability studies in aged PDL are needed to further investigate this
conclusion. (This sludy was supported by the Australian Society of Orthodonlists
Foundation for Education and Research}

80 Normal and Aged Microvascular Bed Volumes in the Periodontal Ligament.
M.R. SIMS* (Discipline of Orthodontics, The University of Sydney):

Ultrastructural data comparing the normal and aged microvascular beds in periodontal
ligament have not been established. This study tested the hypothesis that a reduction
accurred in the total luminal volume in the aged ligament. Following vascular
perfusion of thirty five day-old and one year-old male mice the mandibular first molars
were sectioned for electron microscopy. The PDL circumferential third regions were
ined at 150 pm intervals from the alveolar crest to the root apex. Blood vessel
lumina were randomly sampled and the data analysed at the P<0.01 level of significance
for the ageing effect and differences across regions. The mean luminal volume of 8.63%
+ 1.375E of young PDL Increased to 9.83% £ 2.145E in aged ligament (P<0.01). The mean
PDL width of 119.9um + 16.945E in young mice decreased to 60.0pum  10.58SE in aged
mice. The collecting venules and the group comprising arteriovenous anastomoses
plus terminal arterials d d & twolold i in" luminal volume density
(P<0.01). Furthermore, the microvascular bed in aged ligament showed regional shifts
for the different vessel profiles. In aged PDL the combined arteriovenous anastomoses
and terminal arterlal input bypassed the capillary bed to be shunted principally into the
callecting venule segment. je
This project was supported by NH&MRC Grant No. 880343 and the Australian Society of
Orthodontists' Foundation for R h and Educati

26 A Model for the Response of Blood Vessels to Tensile Forces. P JLEWIS', M R
SIMS, D LAYMANZ, N HUNTER'. (Discipiine of Orthodontics and 'Insfitule of Dental
Research, Facully of Dentistry, Universlty of Sydney and Universily of Louisiana) :

AIMS : Tha microvasculature In the periodontal allachment is exposed fo tensila forces during
orthodonlic manipulations. The blood vessel nalwork could undergo bolh siructural and functional
changes in response (o sbefching and compression. A model is required fo further invesligale these
possible changes, METHODS : Endothelial cefls were collected by collagenase perfusion of human
umbllical veins. The cells cullured from passage 3 lo passage 6 were Induced fo fom netwarks by
exposure fo a reconsfiluled basemenl membrane, Malrigel. The vessels form rapidly and are
rgiallvely stable within 4 to 6 hours of placement of the cells on Marigek-coated fexible based pefri
dishes, These dishes were then strelched to place slatic loads on the networks. Time lapse

pholography using phase-contrast microstopy was used o study the vascular dynamics within a
defined field. Mediators were lesled using enzyme immunomelric assay fechniques on the
supernalants and [he cell lysates. Inlernal cellular stress levels were lested by flow cylomelric
evalualion of heal shock protein (HSP 70). RESULTS : No gross reorganisalion of the blood vessels

was noled in response lo tensile forces howaver. the vascular networks did undergo a degree of

acceleralad maluralion and subjectively the vessels were of improved quality. Tension generated a
riss in lavels of Interieukin-1p while compression induced a decrease. A reciprocal effecl was noled
for endothelin-1, HSP 70 levels were elavated by large tensional loads bul nol small loadings.
CONCLUSIONS : F[%m sfudies lo dale. the model of vascular dynamics using network manipulation
in_vilra_will enable [he evaluation of morphological, biochemical and cytoskeletal changes under
lensils forces.
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1 Thermal Effect on Bending Properties of Orthodontic Bonding Materials,
H. DORCHIN®, T. MORI mud M. R. SIMS (Faculty of Dentistry, University of Sydaey).

For the simulation of bonding situations information on the mechanical properties of the
malerials involved is required. The purpose of this in vitro study was to investigate the effect of
threc temperatures, 23°, 37°, 50°C on the bending properties of three orthodontic bonding
materials. One hundred and twenty bar samples of two visible light-cured and one auto-curing
bonding agent immersed in water, and dried at 23°C (control) were tested by the 3-point bending
test. Bending properties investigated were modulus of elasticity, bending strength, deflection at
fracture and fracture energy. The resulis were subjected to ANOVA and Student-Newman-
Keuls' test. Statistically significant differcnces (p<0.05) were noted in all flexural parameters in
cach material as a function of temperature. Modulus of elasticity reduced from 5.7 to 5.4 (GPa)
in Sequence, (1.8 to 6.4 (GPa) in Transbond and 11.1 to 5.8 (GP&) in Concise. Average
bending strength (MPa) reduced from 132.4 to 98.8, from 112.2 to 86.6 and from 110.1 to 80.3,
respectively, when (emperature increased from 23 to 50£1°C. The results of this study indicate
significant brittlc-ductile transition due to increased temperatures under wet immersion test
conditions for all materials. In dry ambient conditions the materials remained brittle. The
thermal eflect on the mechanical properties of orthodontic bonding materials need to be taken
into account in the correlation of in vitr in vivp stress conditions. This study was supported
by the Australian Socicty of Orthodontists' Foundation for Research and Fducatinn

2 4 A Comparison Of The Bending Behaviour of Nickel-Titanium Orthadentic
Archwires. K. J. LESTER®, T. MORI and M. R. SIMS
(Faculty of Dentistry, University of Sydney)

New generation nickek-titanium (Ni-Ti) orthodontic wires display a distinctive pseudoplastic
platesu (PP), and a suitable marker far the onset of the (PP) is 0.1% pssudo yleld stress
(0.1% PYS), (Stanton 1985). In the present investigation a three point bending tesl was
performed, al ambient temperature for Ni-Tl wires from the same batch as (hose tested in
tension. Fourreplicate epecimens of flva commerclally available brands of wire were
deflected up to 4 mm at the middle of a 14 mm span, Results confirmed the prasence of
PP in three of the tested wires, but force lavels for the start of the siress induced austenitic
‘1o martenslitic phase transformation were substantially higher experimantally than those
predicied by the 0.1% PYS data. In addition, ne distinctive {ransilion point was identified.
These features can ba explained by the complex stress distribution pattem and gradual
Increase in tensile stress from a concentrated area on the surface of the wira in the
bending lest. Areasonable estimate of the force producad by Ni-Ti wires as they unloaded
across the PP was however, provided by the 0.1% PYS data. This feature was congidered
clinically refevant as it was the unloading of a wire thal imparted a force to 8 malaligned
tooth. The O Y be used to ghv ble asth is foree in Mi-Ti
wires |n clinical use, This'study was supported by the Australian Soclety of Orthodontists’
Foundation for Research and Education, ;.

3 8 Experimental Conditions for Stress Relaxation Test of Orthodontic
Elastomeric Chains. H. CHAROLNYTNG#, T. MORI and M.R. SIMS
(Faculry of Dentistry, The University of Sydney)
Elastomeric chains have been widely used as a tooth moving device for the last 30 years. A
variety of new generation chains has recenlly been introduced but little is known of their force
delivery capabilities. These elastomers are known of their force deeay or stress relaxation
which takes place in relatively short periods of time, up to 74% of the Initial force within 24
hr (Andreasen & Bishara, Angle Orthod 40:319, 1970). Thercfore an initial force of about
1000 g (10 N) is required in order to use generatly accepted forces of 150-300 g (1.5-3 N).

The present study aimed at {inding a level of extension which would provide initial forces of
approximately 10 N. Seven clear, closed space chains produced by five manufacturers were
studicd. Each product was cut in three different lengths (mm), short (6.3 -7.5), medium (14.4
- 16.7) and long (29.9 - 35.3). They were tested at a cross-head speed of 50 mnavmin under
umbient conditions of 23 £ 1°C and 50 + 10 % relative humidity.

Maxioum extensions at fracture were in the range of 319 to 51§ %, gencrating forces of 18.5
1o 24.9 N. The force values were relatively constant despite variations in length (number of
loops) for the extensions of up to 200 %. At this extension the force range of 6210 113N

was recorded,

bebavigur nt cathadoti
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69 Maxillary Morphology of patients with Obstructive Sleep Apnoea.
B.H. Seto?, M:R 5IMS and P.A. CISTULLI?, *Discipline of Orthodantics, Unlv, af Syd.,
95jeep Disorders Centre, 5. George Hospital, Syd., Australia

The aim of this study is to compare the maxillary marphology of obstructive sleep apnoca
patients wilh a group of matched normal controls.  The hypothesis is that patients with
obstructive sleep apnoca have different maxillary shape and archform configuration
compared to normal controls. Forty paticnts with abstruclive sleep apnoea confirmed by
polysommography were randomly chosen from the Sleep Disorders Centre, SI. George
Hospital. Twenty one normal conlrols were selected from volunteer employees of the
United Dental Hospital by questionnaire screening to exclude heavy snoring and
obstructive sleep apnoea. Dental casts were obtained for all patients and controls. The
inter-canine, inter-premolac and inler-molar distances were measured with vernier
callipers with controids as landmarks according to Moyers et al.  The maximum palatal
height and maxillary depth were also recorded. All measuremenls were duplicated a
month later. Index of reliability was more than 99% for all measurements. Fourth order
polynomial equations were generated to desceibe the archforms. The results indicate that
patients with obstructive slecp apnoca have narrower maxillary arches compared to normal
controls. These findings were statistically significant at the canine (p<0.005), first premolar
(P<0.005) ond first molar (p<0.05) region. Similarly, patients have higher palatal indices
than controls, at the canine (p<0.005}, first premalar (P<0.05) and molar (p<0.05) region. In
addition, the quadratic (x2) coefflicients derived {rom the polynomial cquations suggest a
more lapered archform in the patients compared with the controls.
o 5 ients wi icti 1

This project has been supported
by the Aust. Soc. of Orthodentists Foundation for Research and Education.

Craniofocial Fenturcs of Binder's Syndrome and Chondrodysplasia Punctata: Profile
71 Analysis. K. TTTUS*, M.R.SIMS,” M.D.SNOW, L.J.SHEFFIELD, A.M.HOWE.
(Discipline of Orthodontics, University of Sydney, N.5.W):

The multifoctorial sefiology of Binder’s Syndrome (BS) and Chondrodysplasia Punctata (CDF) is
linked to arested nasal seplal development, with I characieristic facies. Whilst most
cephalomelric studies have focussed on hard tissues (HT), few bave quantified soft tissue (ST) profiles
or compared relixives with BS/CDP patients. This cephnlometric study of HT and 5T compared
craniofacinl features of L1 patients affected by CDP/BS with norms and ‘midfacial profile propartions
of 23 patients with relatives using pholographs. Three midfacial ST catios derived from anthropometric
norms were nssessed photographically. Student I-test and Pearson's Correlation Coefficlents provided
statistical analysis set ar p<0.05. There werc significant findings for 12 out- of 29 HT and ST
vaciables:- CDP/BS subjects had reduced anterior cranial base length (S-N), maxillary length (PNS-A
and Ca-A), angle of facial convexity (N-A-Pag), but had increased mandibular to maxillary differcatial
(Co-Gn to Co-A), lower anterior face height (ANS-Men) and upper to lower anterior face height ratio.
Holdaway ST analysis showed:- CDP/BS subjects had reduced nose prominence, increased upper lip
thickness and “strain”, and lower lip promi A Normal Inbial angle wes present in 55% of
subjects. Differences existed between paticnts and norms for ratio Sn-C:Sn-Pr, indicating either

HT findings confimmed thal

shorter columella length (Sn-C) or nasal tip protrusion (So-Prn), or bath,
he nasomazillory complex was affected in BS and CDP, ST &
0 QIDNOIOEY IX 0 Il D [l

of the facies, ; . i L o .
This project was supported by the Australian Socicty of Orth i " P for and

Education,

36 Endothelin-1 Expression in Normal and Confinuously Loaded Rat PDL
Migmvalscula!urﬂ‘ MILTON R. SIMS. (Microcirculation Laboratory, Flinders
University; Orthodontic Unit, University of Adelaide, South Australial.

The endothelin-1 (ET-1) peplide is the most potent vasoconstriclor known. It occurs in a
variety of lissues and is synthesized by the endothelial cells of arterles and veins in
animals and man. This study tested the hypothasis that shorl term, conlinuaus molar
loading would cause upregulation of ET-1 in the PDL vasculalure. Fiva male Sprague-

‘ Dawley rats, 350 +50 gm, were anaesthetised IP with Nembutal (0.6mg/100gm). A head
frame applied an external load of 100 + 20gm for 3 hours, lransmitted via a randomly
allocated inter-occlusal rubber pad betwsen the left or right molars; conirols wara the
conlralateral molars, The rats wers parfused with 5% paraformaldehyde and the jaws
seclioned sagittally at =150pm. Sections were Immunalabslled with ET-1 (Peninsula) and
e-smooth muscle actin (Maxim Biolech) and secondary antibodies conjugaled with CY3
and CY5 (Jackson). Serial images were caplured at a constant signal to neise ratio with a
BioRad MRC-1000 confocal microscope. In control PDL, the ET-1 labelling occurred
sparodically in ail types of blood vessels. Loaded PDL revealed strong upregulation of
ET-1 expression in cemanloblasts and a grealer number of vessels, such as apical
arcades of postcaplllary-sized venules, and those adjacent to alveolar walls, Upregulation
affected bloed vessals with and without smooth muscle, including those in alvealar bone.
The study confirmed the hypothesis and demonstraled that ET-1 aquiescence is not the
PDL vascular endothelial cell default state. Funded by a grant from the Australian Society
of Orthodontists' Foundation for Research and Education.
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c_'l 9 Confocal Laser Scanning Microscopic Study of Marmosel Periodontal Ligament
Microvasculature,
J. ASHWORTH and M. SIMS (The University of Adelaide, South Australia),

Knowledge of normal periodontal ligament (PDL) microvascular physiology is required lo
determine its biological response to orthudontic forces, This investigation examined normal and
continuously loaded marmoset paradental microvasculature using antibodies to endothlin-1 (ET-1)
and alpha smooth musele actin (@-SMA), PFour animals were anacsthetised for 2 hours, An
external loading device applied a continuous load of 120-200gms against the mandible. An inler-
ocelusal rubber pad was randomly placed between the left or right molars. The contra-lateral
molars acted as controls. Undemineralised mandibular sugittal sections 150-200pm thick were
incubated in anti-ET-! (Peninsula) and [gG/CyS™ (Jackson) and anti-human a-SMA (Maxim
Biotech) and [gG/Cy3™ (Jackson) antibodies, respectively. A confocal laser scanning microscope
(Bio-Rad) and CoMOS software programme provided three-dimensional images by computer
stacking of optical scctions. The microvasculature showed a scattered distribution of ET-|
immunolabelling and a4 more generalised vascular smooth musele cell presence in both the
experimental and control PDL. These findings demonstrate the presence of vasodilator
vasoconstrictive elements in the unloaded and Joaded marmoset PDL. microvascular bed. This
research was supported by the Australian Dental Research Fund, Grant No, RDR 000773 and the
Australian Society of Orthodontists Foundation for Rescarch and Education.

ULTRASTRUCTURAL AFFILIATIONS OF OXYTALAN FIBRES,
NERVES AND THE MICROVASCULAR BED IN THE MOUSE
PERIODONTAL LIGAMENT.

M.R.Sims, Faculty of Dentistry, University of Adelaide. Australia

Controversy surrounds the function of the of the oxytalan fiber
system. Mouse molar periodontal ligament was investigated to
determine if its ultrastructure validates the hypothesis that the
oxytalan fibre meshwork forms part of a proprioceptor system for
the regulation of vdscular flow.

Throughout the ligament oxytalan fibres approximate myelinated
nerves, unmyelinated exposed axons and free nerve endings. In
the cervical and apical regions accumulations of vessel-related
simple and complex mechanoreceptors comprising Schwann cell-
axon units were associated with collagen fibrils and fibres of the
oxytalan system. The various receptors and nerve endings
penetrated to the ablumenal surface of the endothelial wall in the
differant categories of vessels constituting the microvascular bed.
Periodontal receptors with oxytalan fibres were also present in the
septal wall of dividing vessels and related to endothelial
pratrusions into the lumen of microvessels.

Similarities existed between the periodontal mechanoreceptors and
baroreceptors. The oxytalan fibre meshwork provided coupling
between the the various mechanoreceptor units in the
microvascular bed. This periodontal model has morphological

characteristics which support the proprioceptor hypothesis.




Abstract 1.36
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Abstract 1.37
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AGEING CHANGES IN THE PERIODONTAL LIGAMENT
MICROVASCULATURE, M R Sims, W J Sampson, .
C W Dreyer, University of Adelaide, Australia

AIM: To evaluate arterial luminal volume and
distribution in young and aged periodontal
ligament.

MATERIAL: 4 male ALCA mice 3S-days-old and 4 colony
related l-year-old males.

METHOD: After anaesthesia with IP nembutal, the mice
were perfused via the ventricle with 2.5%
glutaraldehyde containing 0.9% 0s0,; w/v and 0.006M
cacodylate buffer. The mandibles were demineralised at
4°C and the first molar blocks processed for electron
micrescopy (TEM) to section the mesial PDL parallel to
the occlusal plane at 150pm intervals from the alveolar
crest to the apex. Sections were TEM stained and
micrographs taken at x3000 in the tooth, middle and
bone circumferential thirds at each level. Point count
data were stereologically analysed and statistically
evaluated using a repeated measures ANOVA.

RESULTS: The luminal volume of arterial capillaries
comprised 0.2% of young PDL at 2.4% of the total
microvascular bed volume. In aged PDL the arterial
capillaries formed 0.4% of PDL volume and ?4% of the
total vascular volume, which had increased x2.3.
Arterio-venous anastomses (AVA) had a luminal capacity
of 0.5% of the PDL volume in young mice and provided
6.0% of the vascular volume. By contrast, in aged PDL
the AVA luminal volume increased significantly (P<0.01)
to form 2.0% of the PDL and 10.2% of a doubled vascular
volume.

CONCLUSIONS Arterial capillary bed luminal volume did
not show a major change in the aged PDL. The
statistically significant AVA increase provided the
additional arterial avenue to supply the enlarged
vascular volume in aged PDL.

The extra AVA input bypassed the capillary bed and
confined a higher proportion of the blood within thick-
walled, less physiologically active vessels. These
changes, and regional vascular shifts, may help to
account for the slower orthodontic tooth movement in
adult patients.

5 PERIODONTAL (PDL) MICROVASCULATURE
FOLLOWING MAGNETIC INCISOR

EXTRUSION AND LONG-TERM RETENTION

§ Chintavalakorn, M R Sims, W J Sampson, University of

Adelaide, South Australia, and University of Sydney, New

South Wales, Australia

AIM: This investigation was undertaken to quantify PDL
blood vessel reorganization in an animal model after a
relatively long-term retention period of 30 weeks. TEM
studies of marmoset PDL after incisor decoronation, endo-
dontics and magnetic root extrusion (Parlange and Sims,
1993) showed incomplete microvascular bed (MVB) recon-
stitution after a short-term retention period of 8 weeks. The
present duplicate study extended the retention time by 4.
MATERIALS AND METHODS: Four male marmoset,
aged from 17 to 36 months, were used to repeat the Parlange
and Sims (1993) study. After 30 weeks retention, the
marmosets were anaesthetized, perfused with 5.6 per cent
gluteraldehyde and 0.9 per cent OsO,. Maxillary experi-
mental and control central incisors were isolated for TEM
processing and analysis. Log-likelihood ratio statistics were
calculated using a generalized linear model (McCullagh and
Nelder, 1983) for vessel volumes and regions with Genstat
v5, 2.2. An ANOVA was performed of luminal and ablumi-
nal diameters, and wall thickness, for each vessel type.
RESULTS: Luminal and abluminal MVB volumes were
not significantly changed. For post-capillary-sized venules
(PCV) there was an interaction between regions (P<0.05)
and treatment (P<0.05). In experimental PDL the PCV
wall thickness was reduced (P<0.05), as was total MVB
wall thickness (P<0.05).
CONCLUSIONS: Total PDL blood volume was essentially
unchanged. However, PCV reconstitution was still incom-
plete, or had undergone a permanent anatomical change.
Extrapolation of these findings to human PDL suggests
retention periods of 2-3 years for MVB recovery.

This research is supported by the Australian Society of
Orthodontists Foundation for Research and Education.
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6 ORTHODONTIC TOOTH MOVEMENT AND
THE ROLE OF THE MICROVASCULAR BED

OF THE PERIODONTAL LIGAMENT

M R Sims, Faculty of Dentistry. University of Sydney.

Australia

(KEYNOTE ADDRESS)

Without the presence of the periodental ligament (PDL)
microvascular bed (MVB). orthodontic tooth movement
could not occur, A feature of this vascular system is its
essentially venous structure that hold over 90 per cent of
the PDL bloed volume.

The PDL blood system provides the source reservoir for
the exchange of metabolites and cells across the endothelium
between the vascular and connective tissue compartments.
This endothelium is an active structure in the physiological
exchange mechunisms, generating an array of regulator
molecules to control both internal and external chuanges.
Orthodontic tooth movement can reposition a tooth | mm
per month. Consequently the total PDL structure must
relocate over a distance of more than twice its width each
30 days of treatment. Clearly the associated MVB recon-
stitution must involve rapid angiogenesis.

In vitro model systems provide growth of endothelial cells
under conditions that mimic an in vive situation.
Angiogenesis in the laboratory provides an insight into the
formation of lumens and the anastomoses of adjucent
sprouts to form vascular loops and planar networks.

Some morphological, functional. and ageing features of the
endothelium will be discussed in this presentation.
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APPENDIX 3. CD-ROM: Movies of ET-1 and a-SMA immunolabelling
{ Minimum System: PC, Windows 98SE, P4 processor 2.0GHz, 256 MB RAM )

VIEWING MOVIES ON CD
1. Open Confocal Assistant Program (CAS40)

. Confocal Assistant

CER EL R CEE FEFEE
Section of _]_ _I . -

2. From the menu open the file of the selected movie
YR Confocal Assistant - MOVIE1.AVI

Imélail@%lmﬁ[ 518 (e (7]
Section of 31 ﬂ_l J L_J Sl e

3. Press the Play button D | and the control panel appears
4 Confocal Assistant - MOVIE1 AVI

Eile Edit View Image Seres “Window Help
NEEEREEEEEEEEE

Section 1 of 31’ O [E=l=] |Oer
‘F fFaster][S\ower] Bounce]

Movie 1. Paper 18  Figure 7a Stack Images 4-26  CY3,CY5 70MB
Movie 2. Paper 18  (from Fig 7b) Stack Images 4-26 CY5 36MB
Movie 3. Paper 18  Figure 11b Stack Images 1-13 CY3,CY5 36MB
Movie 4. Paper 18  Figure 12b Stack Images 6-20 CY3,CY5 70MB
Movie 5. Paper 19  Figure 3 Stack Images 3-10 CY3,CY5 36MB
Movie 6. Paper 19  Figure 6 Stack Images 1-11  CY3,CY5 36MB
Movie 7. Paper 19 Figure 7 Stack Images 1-18 CY3,CY5 36MB
Movie 8. Paper 19  Figure 8 Stack Images 1-11  CY3,CY5 36MB
Movie 9. Paper 20  Figure 4 Stack Images 3-20 CY3 36MB
Movie 10. Paper 20  Figure 5 Stack Images 1-17 CY3,CY5 36MB
Movie 11. Paper 20  (from Fig 5) Stack Images 8-15 CY5 36MB
Movie 12. Paper 20  (from Fig 5) Stack Images 3-15 CY3 36MB
Movie 13. Paper 20  Figure 10 Stack Images 1-13 CY3,CY5 36MB
Movie 14. Paper 20  (from Fig 10) Stack Images 1-13 CY5 36MB

Movie 15. Paper 20  (from Fig 10) Stack Images 1-13 CY3 36MB





