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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 POL 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 POL 
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 POL 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 POL microvasculature is proved to 
undergo major changes in anatomy, distribution and physiological function. 

Normally, the POL 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 -350µm wide ligament being 
reconstituted through the bone at -60µm/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 POL vessels 
of non-human primates after 1 ½ hours. Clearly, immunolabelling offers a valuable 
technique to examine early POL 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 I. 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 1 0 provided new TEM information on the morphological association of 
oxytalan fibres with myelinated and unmyelinated nerves in the endoneurium. 
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SECTION II. POL 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 Gatz (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 (cx-SMA), in the 
normal and short-term, continuously loaded POL microvascular bed. 

In Paper 17, confocal laser scanning microscope imaging of RECA-1 antibody 
demonstrated that it reacted with blood vessel endothelium in normal POL 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. lmmunolabelling 
patterns of ET-1 and a-SMA antibodies were examined in the microvascular bed of 
normal and loaded POL. 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 POL 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 a-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 POL 
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 cx-SMA, and of arteriolar smooth muscle to 
a-SMA, was a response to POL 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 POL 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 II to a Class Ill 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 Ill malocclusion to a 
Class II 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 "Tecnica del diagn6stico" 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 95th Annual Session 
of the American Association of Orthodontists and 4th 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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Abstract 1 .1 
J Dent Res 54:643, 1974 

4 
(Demographf and Orthodontic care in South 
!Australia. S.B. BAJADA• and H.R. SIMS 
jOepartment of Dental Health, Universit.1 of 
iAdelaide, Adelaide, South Australia. 

This study examines the demographic factors of 
population oize, age groups and tjieir distribu­
tion I which r-elate to the need for orthodontic 
care. Essential data was obtained from the Bureau 
of Census and Statistics and largely based on the 
1971 Census. To ensure the comparability of this 
investigation, the Bureau's system of categoriea­
tion of data was adopted. 

The populations in the O to 19 1ear age group, 
which represent cmTent and future orthodontic 
patients. in Adelaide and countr/ divisions, were 
specifically studied. The Adelaide division had 
a large proportion of O to 19 year population. 
Considering the distribution of this population, 
future plans for urbanisation, socio-economic 
status and famillsm, areas in the Adelaide 
division showed var,.ing requirenents for ortho­
dontic care. In the countr,1 divisions there was 
a significant mlll\ber 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 satellite 
cit~ of Nonarto. 

Demographic factors pl ay an important role in the 
pattem of organisation and delivery of dental 
health care. 

Abstract 1.3 
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47 
! Perforat1n11 Fibre Bundles in the Human 
i Mandible , R.J. EDWARDS• ond M.R: SIMS 
! Department of Dental Health, Univ e rsity of 
f Melo.lde 1 South Australia. 

A study by Cohn (1975) den1onstn.ted transMlv~ol.tr 
(perfor•ti111) rlbre hundles wherever lamellate<l 
bone without Haversian syst ems was present in 
human jaws. The p\lrpose of the present 
investigation was to examine the perforating 
fibre bundle pattern in the incisor, premolar .1.nd 
molar regions of norm.al human mandib 1 es. 
Sepents of mandible from :iut'JpS)' subjects 
ranging in age from 11 to 68 years were examined 
histologically in the mesiodistal, buccol ingual , 
and horhontal planes. Gordon and Sweet's 
Sliver s t ain combined wlth Van Gleson proved to 
be the best method for the demonstration u{ the 
fihre bundle~. Perforat inf fibre bundl~s were 
observed passing throug,h the crestal third of 
the interdental, interradicu lar, bucca l and 
Jabl ■ l bone in the mandibular molar, premolar, 
and incisor region or 19 to 21 year old males and 
feinales. Fibre bundles were also noted in the· 
premolar interdental area cif the aJ vcolar bone 
crest of an 11 year old femal e. A theory i s 
proposed to account for the presence and 
arriiln&cmcnt of these fibre hunJlc~ with in the 
c:restal regions. A morr,hologi1.:al difference at 
the site of insertion of th• fibre bunJl•• into 
the .ilvcol:lr bone on the mc:-ial, di.-.tat, lahial 
and lin u,11 :o;urfa-.:CS .. ;1:i uhscrv t" d. · Ag..: changes 

n the fibre bundles .an their pattern were a lso 
notcJ. 
Some findings of thi:s. inv~stigation JiffercJ from 
those of Cohn. The perfor>t ins fihrc _hunJIC'$ 
dlstrihu,ion m:1y h.:wc ~icnifil.::int orthoJuntic 
lrnpUc11tions, 

Abstract 1.2 
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46 
!Collagen fibre Bundles in the 
:Alveolus of the Mouse Mdnuible. I.II, 
i DUNSTAN"and M,R. SIMS. Department 
jot Dental Health, University of 
Adelaide, South Australia·. 

Histological patterns of the collagen 
fibre bundles in the molar alveolar pro­
cess o f the mouse mandible were studied. 
These findings we re 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. In 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 wi th 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 
bund l es 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 

48 
;,.. Scanning Elec1.ron Microscopic Study of 
! Orthodontic Root Resorption. M.R. HARRY• and 
i M.R. SIMS. Deportment of Dental Heal th, 
l Universlty " of /\.delaidc, South Austra.lia. 

Recent scanning elei;tron microscopic studies by 
~vam (1972) on tho effect of bucally direictrd 
orthoJont ic forces on human root sur face 
topography have shok'n root rcsorpt ion to occur in 
the cementum after approx.imate ly 10 days . The 
present project M,S un<lc rt:iken to s tuJy the 
effects of the. magnitu.<l~ and durat ion uf int l'US i VC 

forces 011 th1: rout sur f.-ce of hwnan prem~lo.r 
teeth. 
Premolar teeth were obtained from patients 
who required c,c.t ract ions prior to orthodontic 
trCatmcnt. , Maxillary and mandibular 
experimental premolars were intruded by means 
of a Begg type archwire, The contralateral 
prerno.lar of each dental arch. was ,,scd as • 
control. F:xtract:ed premolars of two patients 
who had w.orn a fixed rapid maxillary e,c.p;msion 
ap·pt iancc 1i1erc also c-.amined for changes in 
root surface topography, Resorption . was 
observed in all teeth that had been intruded for 
longer than 14 doys. Where heavy intrusive 
forc~s ha.d been used re ... orpt ion was m('lre 5evere . 
Raeid e• latal ex~~m~ ion .1[![! 1 i ances c;-iu~cd severe 
rcso~t ion of the bucc~ l surfa~es o f the a ttached 
ercmolars. These findings suggest that som" 
orthodontic forces advrrs"! ly affect hwnan teeth. 



Abstract 1.5 
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37 
Ultrastructure of Human Periodontal Blood 
Vessel s. 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 
be,ween 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 and 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 I 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 smuller vessels projected 
towards the cementum from this central area. 
Ultrastructural associations that di<l not seem to 
have any parallel in reported studies of other 
vascular structures were found involving extra­
cellular fibrous elements. It is proposed that 
t his 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 reachecl that the vessels observed in this 
study were non-arterial. 

Abstract 1 . 7 
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60 
Endothelially Lined Lymphatics in Hwnan Alveolar 
Bone and Periodontal Ligament. J. H. BARKER and 
M.R. SIMS* . Department of Dental Health. 

___ The_ University_ of_ Adelaide,_ South _Austtalia. ___ _ 

Lymphologi sts report that there are no endothelial­
ly lined lymph vessels to be found in the cortex or 
medulla of bones (Deysine 1973; Olszewski et al. 
1977). However, during systematic quaJ.itative and 
morphometric stereological analysis of human perio­
dontium, we have found initial lymphatics within 
alveolar bone. 
Six h\Jman maxillary first premolars were surgically 
e>etracted leaving biopsied buccal bone and perio­
dontal ligament attached to the coronal two thirds 
of the roots. The intact specimens wet"e processed 
for viewing in the transmission electron microscope 
(TEH). Horizontal serial sections l\Jm thick were 
viewed using light microscopy. Where vessels of 
any type were seen, silver sections of the same 
·area and orientation were mowrted on grids and 
photographed in the TEM. Lymphatics were identi­
fied by various ultrastructural crit eria incl uding 
shape, size, wall structure, types of endothelial. 
junctions, fibrillar insertions into the endothel~ 
lining and the preserx:e of fat globules (Casley-Snu:th 
1980). 
Both large and small cancellous spaces in the 
alveolar bone of each sampl.ed specimen contained 
numerous vessels, all of which were u.ltrastruct­
urally c lassified as 'initial lymphatic ' vessels. 
Thes e vessels protruded i n~o the a~veo~ar third ~f 
the peri odontal ligament via foramina in the lamina 
dura. Thus, by contrast with other bones, hwna.n 
alveolar bone is 1 so far, unique. 

Supported by: Australian Society of Orthodontist~ 
foundation for Research and Education 
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SEM Assessment of Rapid !laxi l lary hpansion on 
Premolar Root Topography . A. O,IRBER* , Depart ­
ment of Dental flealth, 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 (!Xamined . Six 
patients, aged 10-14 years, were treated "ith RME . 
appliances fitted to firs t 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 I , 8 or 36 weeks 
after expansion. Group two patients had one first 
premolar removed immecliately after treatment and 
the other 16, 24 or 32 weeks later. Each root 
specimen was rendered anorganic in sodium hypo­
chlorite, alcohol dehydrated, air dried and coated 
"ith carbon and then ··gol<l-pa llaJium before being 
examined in a Siemens i\utoscan SHI. Untreated 
group one first premolars exh ibited essentially 
normal root topography . The 1 an<l 8 week premolars 
showed sites of active resorption limitcU to the 
cervica l third of buccal root surfaces. The 3b 
week premolar showed extensive, predominantly 
repairing resorption b:iys i n the buccal root 
surface . Group two premolars extriu::te<l soon after 
treatment exh i bited limitecl resot·ption of buccal 
root .. surfaccs. The premolars extracted at 16, 24 
and 32 weeks exh il>i ted more extensive but ma in 1 >' 
rePairing bays. The typical response of anr.:hor 
premolars to RME \\'as extens1 ve cementum anJ J~nt Lnc 
resorption followct..1 hy cellular cementum repair. 

Abstract 1.8 
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An SEM Study of Cementum Repair in Humans. 
S.R. LANGFORD• , The Oepa-rtment of Dental Health. 

__ __ The_ University_ of_ Adelaide,_ South_ Austra.l ~• ; __ _ 

Reports of root. resorption associated with ortho­
dontic treatment have general Ly centred on a.pica.1 
root loss. [n contrast, recent studies reported by 
Wainwright (1973), Reitan (1974) BIid Barber (1978) 
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 suriaces to determine 
if reattachment could be observed in the SEM. 
Topographically, principal periodontal fibres 
inserting into cementum are characterited by either 
Sharpey fibre mounds or depressions (Boyde and Jones. 
1972). 
Extracted upper fiTst premolar teeth, which had 
served ns anchor teeth for rapid maxillary expansion 
and retention in orthodontic patients, were rendered 
anorganic and examined in the SE.M. Extensive surface 
resorption was found on the buccal facing aspect of 
all these teeth, {n most resorptive defects repair 
was seen to be occurring with cellular cementum 
while resorption was still 11ctive at the periphery 
of the defects. particularly with the shorter 
retcnt ion periods. Early repait' occurretl with 
rapidly mineralizing cellular cementum while later 
repair tissue appenred to be more slowly mineral ­
i1ing collular cementum. Depressions interpreted 
a.s periodontal fibre insertion sites were observed 
.in the mineral front of repliir cellular cementum. 
1lle nature and distribution of these depressions was 
variable and no regular patt ern of occurrence was 
discernible. lt was concluded that functional 
roa ttnchment of principal periodontal fibres does 
~~ur 1n repai r cementum. 



Abstract 1.9 
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58 Ultrastructural Assodations of Periodontal 
Oxytr\lrio Fibre$. 1\LfL ~I.\,1'.,1 r)epcJrtment of 
Dental Health, The University of Adelaide, 
South Austr.ilia. 

Controversy surrounds the {unction of the oxytalan 
(ibrc system. The ultrastructure of mouse' molar 

· p?.:- iad,Jntal ligament was exami!led to e'i.tablish the 
relationship of t!1~ oxyt3Jan meshwork to other 
ligament structures. 

Thirty day old inale mice were perfused via the heart 
with a solution of ~% glutaraldehyde and 0.89% OsO4 
in !'la cacodylate buffer. The mandibles were 
demineralized using 0.IM EDTA in cacodylate b•.1ffer 
at pH 6.9, containing 2.5% ~lutaraldehyde, cut into 
S10<1ll molar blocks, postfixed and embedded in Epon 
:; 12. Ultra-thin sections In the silver-grey 
interference rang'? were stained with uranyl acetate 
and lt'.:!ad citrate far TEM examiniltion. 

Oxy,talan fibres were shown to approximate 
myelinated i\erve!i, exposed unmyelinated axons and 
Cree n,?1· v~ 1~11dings located alongside and within the 
walls of the micro vascular bed. This periodontal 
model validates the l:ypothesis that the oxytalan 
meshwor~ forms part of a proprioceptor system. 

Abstract 1.11 
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Mlcroflbr IL Populiltlons In Mouse and Humil:i 
J>e<iodontal Oxyralan Fibres, M.R. SIMS• . 
Department o{ Dentistry, The: University 1Jf 
Adelnld•, South /1.ustralla. 

There are no report, whlch quilntUy or compare tht 
microtibrll content of animal llnd humon oxytal.Jr• 
!lbrcs In the p•riodontal llgament. For this TEM s,.,.1, 
lour JO-day old mnle mice were per fused with 2,, 
glutaraldehydc and 0.39'16 OsO1 In 0.1 M eacodyl•:e 
butler •t pH 7,4, The mandibles were demlnerallzc<! 
at 4°C with 0.IM EDTA In 2.j96 cacodyl>te buffer ar 
1>H 7 ,4, post-fixed lo Os04, an<1 embedded in Epon 
8 l2, Human rnaxlllary .1nd mandibular perlodont,11 
li5arne-nl w,u ol>talned from the ~xtracted premolilri 
of two females aged 14 and 16 ye:3rs. This thsue wa~ 
s imilarly llxe<I, dcmlnerall1.ed and e rnb,-dded. lllock< 
were .,ect loned parallel to the occlusal plane In the 
silver .. grey interference range, stained, .1,'KI 
photographed In • )EOL 100-S. M•golllcation, woro 
chKked aga,nn a crou-graUng replica. Forty true 
cross-Jcctional profile! o( oKytatan Obrcs were­
selected from representat ive levels l>etwecn the 
cervic~I and aplcnl limits of the mice mnndlbuJar !irs1 
molars, Forty comparable human oxytalan fibres wefl• 
recorded in cross - H!Ct ion. Prom each pool of d,1t.::i, 
ten mous.e !Ind t~n humon flbres were randomly 
selected and digitized for total fibre aroo (TF/1.I and 
rnlcroflbrlll•r ore• (MFA). A third group of ,poci!ic 
mouse oxytala" (lb,e, (II.ER) was •lso evaluat•d. 
Anilly,is of covarianco showed that the strocturdl 
relationship ~tween MF/\. and TFA wo, lloear for_ 
ea.ch of the three groups. Slopes for the mouse AnJ 
human mlcroflbril uJatlons were the same ( >o.iT. 
bu1 d f ett1nt <0, for the RER rou • lnt«ce ti 
tor all three groups wtte significant y dlfferent at th~ 
1% level. 

Abstract 1.1 0 
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56 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 
usiAg KOH, HCL and enzymes. The casts were rendered 
conductive by osmiflcation (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. (I) Around the perimeter of the 
socket, vessels coursed uninterrupted from the apex to 
the coronal region In a pallisade arrangement. (2) At 
the interradicular septu.m, arterioles from the medulla 
perforated the socket wall, enlarged and coursed 
occluso-apically for a short distance before re-entering 
the medutla to anastornose with venules draining other 
similar vascular formations. ln both arr.angements the 
periodontal. ligament vessels appeared' to· be venous in 
nat ure.The'division of periodontal li'gament 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 
region are part of the gingival plexus, not the 
periodontal plexus. 
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267 Gingival Vascular Architecture of tha Common 
Mo1f~osot (C,.1.lllthrlx jacchue). 
W,T. Wdokea• .ind H.R. Si111e, Dopartmont o! 
Oontiatry, Tho Unlvarolty or A.dalaide, 
South Autttrulh,, 

In provlous inveatlg,1tione (Weekes and Simo 1985) the 
·,.i .. cu lu.r archi tacture ol the rat molar gingival crov ice 
'"JI do,sc.:ribod, utlliuinq the vaucular caating SEM 
tochnique, Th ia tuchniqua hoe beon appUod in the pre uont 
f-t'oject to view tho microvaaculotur-e of the gingival 
":l'lOUo!I in thu common mormoaet (Culli.thrh j11.cchuu), a 
modui more cl.osoly rus embllnq man. 
Threa marmoeote wo ro ,1naoi:,thotlaed and perfueud with 
physiological aaUne via both carotid ortarias. Fluid 
ogro1n woe v ia tho right atrium and parfuaion continue d 
until blood w,1a olimina.tod tram the vaaculor bod. Pre­
poly:ner iead mttthyl mothacryloto wo15 introduced into tho 
vascular system undor pres-Huro . Following poi yrner.lao.tion, 
ill~ tissues wo,:o corroded .iway using 20\ KOii followed by 
1r., HCl. Tho caeta wore rendered conductive by gold 
coating ,1nd viewud in the SEH ,1t 20k\J and photogra.phad aa 
st&l:'eopaire. 
Below tho vo.stibular epithe lium, voasals were aggroqatod 
!.nto occl ueo-apica lly oriented ridgoa sap.iratod by deep 
:1.ofte. Hnirpin-lika loop ronnotions occurre d a t. tho croet 
or th.a vui,cul.11r ridges and abunda nt ancutomosaa occurrod 
botwoon tho ioopa. Supply and drain.igo woi:, via vosaols 
orlentod at right an9loa to the ep1tholial surface , Pow 
brunches butwedn thous doeper vessels Were obourvod. 
Vo!lstri l e 11t tho croi:,t o r eoch rldge woro appro,cimilto1y 
10 to 12 micromutroe ln dhmetor. 
t 1M\udiate ly bulow the crovicular epithelium tho voiacular 
rldcJou bucamo luu!I dl a tinct 11nd , in some epocimone, 
di!iappoutod. Thu hairpin loop■ of tho voatJhul,u qinglva 
weru t'opl&lcud by dunuuly packod voe1ool!i, l2 to l 5 
micromettea in dlurnotor, a.t'rangod into q lomo t'Ul l 
compriainq J or ,1 loops in o.ich • 
.t.rr.:rngomonte of ma.nnot111t v,1ocul&lture th.it dl f forod fr-om 
tho rat we ru (l) v.:i.11cul a r t'ldqes boneath tho v,utibulo1r 
cplthollwn and {2 ) a denuely packed layur of tJlmnuruli 
bulow thu crovlcular opitholium. 
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25 Scanning Electron Microscopy of Marmoset Pertodonttum and Palate 
Htcrovasculature using Corrosion Cuts. D, LEE• and H.R. SIMS 
The University of Adelaide, South Australia. 

The afm of this study was to examine the mfcrovascuhture of the inannoset 
periodonttum and palate using corrosion casts. Eight adult fema le !RartDOsets were 
perfused with Hercox resin and the tissues were macerated. Cleaned casts were 
examined in a scanning elec tron microscope. 
The palatal vasculature consisted of a subep1thelial cap tllary network orientated 
sagtttally. Capillary loops arose from this network, extending tnto the 
connect he th sue papt 1 lae. The deeper venous network lacked a definite sagt ttal 
orientation. Arteriol es were less connon in the palate and tended to 11e at • 
deeper level than venules. 
Ly,ng adj1ccrnt to the Junctton11 ep1the1tum around each tooth was a circular 
plexus of vessels. Just coronal to this plexus, on the crev1cu1ar side of the 
g1ng1va, lay crevtcular loops, whtch also encircled each tooth. There was 
considerable variation 1n the crev1cular loop patterns. Crevlcul.r loops derived 
their blood supply from, and drained into, the circular plexus and the 
periodontal ligament plexus . 
The periodontal ligament consisted of a network of occluso•aplcally orientated 
vessels. Arterioles were less cOtl'fflOnly found, tended to have a constant 
diameter, r,n a straighter course, and branched less often, c011pared to venules 
which had varying dt1.eter, ran a 110re sinuous course, and branched more often. 
This investigation de•onstroted distinct species differences with previous 
stud1es of the mouse and rat 111icrovncuiafure. 
ihu study was funded by the X.S.O. foundation for Research and Education. 

83 Tracer Molecule Passage Across Periodontal Ligament Vascular 
£ndothellun, S.M.COCIPER• and M.R,SIMS. Deoartment or Dentistry, 
Unlverslty or Adelaide, South Australia. 

The labile water- rich tissue channels or connective tissue can be vlsuaHsed 
directly by filling lhen1 wlth tracers as a lorin or negative staining. The 
purpose of this study •as to c•a1111lne the effect or an appl led force on the 
tJssue channels or the periodontal ligament or the rat. 

rourteen male rats were anaesthetised and a lN tensile force was applled to the 
11a,clllary right rtrst molar for a period or JO minutes. The left flrst rrolar 
served as the control. In eight rats, socJltA rerrocyanide was perfused through 
bilateral carotid arteries, end oreclpltated "1th a cobalt salt contained ln the 
fbatlve lo Produce the lonlc tracer. Sh rats received one ekperJll'Lental ion 
only, to provide tracer controls. The madllae were dissected out, demlnernllsed 
and prepared ror TEH analysts. Aplcal areas of the meslal root or the rlght and 
left sides were viewed at 10,000X Ngnlflcatlon, and tf'\e nt.lhber or tissue 
chamels/u..2 connective tissue adjacent the blood vessels were coonted. 
limiediately adjacent the encfothelhJffl, the mean +- standard deviation density was 
0,6:, •-0.05 on the lert side, and 0.6S +-0. n on the right side. The denslty 0 r 
tlssue channels decreased away from the endothellun (pC0.01). Extrusion resulted 
,in a stat. si • increase tn tlssue channel denslt ad acent to arterial and 
venous cap llarles and post-captllar~ s zed venules p(0,01 • The size and 
density of the tissue channels concu ·wtth tlssUft thamels in other tissues 
(Reviewed by Casley-Smlth 1 1983). 

46 ~~~t~ I~ao~i~~ci~~~r A~;~o:iiiu~~n /:~l~~? 
(Departaent oC Dentiatry, Tba Univaraity ot Adelaide), 

rour adoleecent l'laraoetlta IC.llithrix jaochWl) v.re uaed •■ a 
-.>d•l to aiaie clinical t.reataant ■Ubaequent to aubginc,ival 

!n":1~~~!tr:.:'1ct~~\~i~n ~~-.fi!! .. or~"°::::c»r~~n~~ ~~i~r: 
were ana.uthetiaed Vitb Sa(tan and tb• upper lett central inci■or 
aection..S at tu 9ingJ.Hl .. rgin. Vital p,alp,>ato11Y and 1-edJ.ata 
root canal otKur■t1on vu carried ou.t. A saaar1ua~cobll.lt -~t 
va■ ceaented into the dec:oronated inc:laor root. ■urtacea, and 
individually caat cobalt-clU"oN davicae bond..S to tbe auillary 
anterior teeth 111th an identical .. gnat rixad in a Zlouain9 over 
th• treated inoi■or. Sac:h left .. xillary lnciaor ,,.. ertnid..S 
1.2- and retained tor JO veat■• The aniaal■ -r• perfu■ed via the 
COIIIIOft carotid uteri-■ vith S.61 9lutaraldehyde and 0.91 oa•lwo 
tet:raxide, flle auillary inoiaor blocka vera deaineraliaed in O.llC 
IOTA in o.06N cacodylate butter and pr.pared tor TIii axaaination. 
'ffl• apical reqlon bloc:Jca were 11olat■d and ultratbin aeat.ion■d to 

;~~aJ"~?nt -~:::;i~ t~l~':.':" v:;: U:~"1
~ .:;d o~~~r:!111 

quantify the va.acule.r and neur•l co11p0nenta. Statiatf!a1 analyai• 
r•v••led no •iqn1f1cant aorpboloqioal difference■ betwiMn the 
oont.rol and axperiaental ■ic-rov•eC\lloar bad.a followln9 retention. 
1JM;iaoc ox:trn1lon and Jong tao rotentton la IQC98P■Dle4 bv 
rm;oo■titutlon of U\1 ppr,, v11sul1r nod ntural ax■t-. 



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 

~~~inJ ~!:~~:f t~i::s 
0
Pe~~~~on::~s 

1
Lia~~~nts1M,~~~l~sc;:~: 

96 LEPPARD and C.W. DREYER. Orthodontic Unit, Department of 
Qent_istry, The uni ver.s1 ty oe A~elaJde '! 

There are no published quantitative electron microscopic data on 
ageing changes in the periodontal ligament (POL) microvascular 
bed . It has been noted that the vascul ar volume decreases with age 
(Bradley, 1976) . However, the validity of this st11te1Uent has not 
been statistically tested. This investigation was undertaken to 
quantitatively an11lyse POL microvasculear bed lllllinal ageing 
changes. Four 35-day-old male Al.CA mice and four colony related 
one-year-old male mice were anaesthetised and perfused via the 
ventricle witll 3 . 5% glutaraldehyde containing 0.9\ 0s04 W/V and 
o.06M cacodylate buffer. Mandibl es were delllineralised at 4"C with 
o. lK EDTA in 2. 5t glutaraldehyde. The first molar blocks were TEK 
processed and the POL sectioned on the mesia.l aspect parallel to 
the occlusel plane at 150µm intervals from the alveolar crest to 
the ·apex. Sections were TEK stained and micrographs taken in th.e 
tootll, middle and bone eirellllferential tbirdB at eaeh level 
(Freezer and Sims, 1987). Point count data ware stereologically 
analysed (Nyengaard and Gundersen, 1988) and also eval uated using 
a repeated measures ANOVA. With aqeinq:i: the total vascular voluae 
increased from a.st ± 1 1 37 to 19.sj 2.14 S£M. Tbg gollectina 
venule volume Increased fourfold {p<0.Q0ll • A99i09 results in 
ai got ficoot regional shifts in microvasculor bed orchitec:ture, and 
a x2,3 luminal volume increoee in tha mouse molar PDL. 

stereological Changes in the Hicrovascular Bed of Mouse 
97 Kolar Periodontal Ligament With Ageing. M. R. SIMS, c. w. 

DREYER•, P.I. LBPPARD and W.J. SAMPSON. Orthodontic Unit, 
· Department or Dentistry, The University of Adelaide. 

on the basis of histological observations of animal and human 
periodontal ligament (POL), it is claimed that ageing in the 
microvascular bed is characterised by the presence of 
arteriosclerotic changes (Grant and Bernick, 1970, 1972; Levy et 
al. , 1972) • Subsequently, Saversen et al. ( l 978) refuted this 
f i nding following histological study of human and animal POL. The 
present TEN study was undertaken to re-evaluate these conflicting 
claims. Four JS-day-old male ALCA mice and four l year old colony­
related 1;1ale mice were perfused for TEM exal!Unation (Freezer and 
SUie, 1987) . The mandibular molar meeial POL was sectioned 
parallel to the occlusal plane at 150µm intervals from the 
alveolar crest to the apex to sample the 111icrovascular bed in the 
tooth, middle and bone cirCWllferential thirds at each level. 
Vess8ls were etareologically analysed (Nyengaard and Gundersen, 
1988) using a 140 point square lattice grid. Ho eianifioont ohaoge 
occurred in the lllllinal YPlu.me of orterin l c:opi l lor:iu between 
xouna ond old mice, LUminol volwne of arouned artori oyenoue 
11nosto11oso& ·ood terminol octe;ioles as II per cant of PPL volume, 
incrooned fourfold from o 51 fn youn9 11ic& to 2, ot in old miee 
Mean ult th:lcknees of the 9rou:ped ve&eels in voung and old 1nice 
ne 2,zeu■ ond 1,69um x:eopec;tivelv Pindioga in tbis model do not 
reveal arteciosclerotic chonaes with aaeina-

98 
Microstr~ctural Studies of Onhodontic Wires. 
J. SINGH 1, J.V. BEE2, and M.R. SIMS1 (1Orthodontic Unit, Dept. of Dentistry, 
2Dept. of Ch_smlcaJ Engineering, University of Adelaide. South Australia). 

Ths mechanical properties of tile relatively new «-titanium orthodontic wlros have been 
studied for comparison with those of ~tijanlum and stainless steal. Since these properties 
and the performance of the wl18s al8 largely determined by their structures, an 
Investigation has been carried out to eharactsriss the microstructural 1eatures of each type 
of wire. Preliminary studies were performed using Scanning Electron Microscopy (SEM) 
and Energy-dispersive X-ray Analysis (EDS) to observe larger features and determine 
chemical composition data. In order to obtain meaningful mlcrostructural and analytical 
Information on these extremely fins structures it was necessary to cany out further studies 
using Transmission Electron Microscopy (TEM) techniques. 
The purpose of this paper Is to present the 18sutts at these electron microscopy 
investigations which reveal the detailed microstructuras of orthodontic wires. Stainless 
steel, a- and P-tltanlum alloys all exhibited heavily dislocated, elongated grain structures, 
charae)eristic of cold-drawn material. The slalnless steel wires had the finest microstructure 
with longitudinal grain thickna:;s as small as 30nm. TIie titanium alloys wel8 slightly 
coarser but still had tvplcal dlma.,slons of ths order of only 1 ·211m. It Is dear, therefore !hat 
the use of TEM techni ues · h for the mic characterisation of 
orto ntc res n e ert t 
This study was supported by A. . '-4.'=~!"'-'~'¥'-"l'""'""'""'-
Road. Whittlesea, Victoria 3757, Australia. 
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95 
Corrosion Cast SEM Stereopatr Study of Mannoset PDL. C.M. 
STANLEY" and M.R SIMS (Department of Dentistry. Toe 
University of Adclalde, S.A.): . 

The three-dimensional mlcrovascular stnlcture of the marmoset PDL ls 
Imperfectly understood. Most studJes in the past have been 11mlted to two­
dimenstorial hlstologlc or TEM ieCtlons. The resolution of the SEM 
combined with stcreopair tmagtng of corrosion casts provides three­
dimensional Interpretation. Corrosion casts previously reported by LEE et 
al .. (1991) were used to examine the unstudied anterior regions. The casts 
were Immersed In double distilled water . . Air bubbles around the casts 
were reduced through evacuation and the specimens frozen. Using a mJn1-
motor with a diamond cuttlnl! wheel, the casts were sectloned mldsagtttally 
through the tooth sockets. ~r blades were used for final t:rlmmfng. 
Significant vascular arrangements Included: (1) An arterial supply to the 
mandibular labial gtnglva ortl!lnatlng In the apical PDL. (21 An arterial 
supply to the mand16ular P!>L from the alveolar mucosa. (3) Venous 
drainage from the mandibular PDL to the alveolar mucosa. (4) Large 
venules dralnlng down the meslal mandibular PDL. (5) Different patterns 
of pulpal venous dralnage tnto the apical PDL vessels. It ts concluded that 
a )mowJedge of the normal mlcrovascular structure of the PDL ts tmportant • 
in understandiru! the YJL"<:ular chaJJiCS resulting from orthodontic tooth ! 
movement studies which have eya.luated vessel txPe and vascular volume I 
fm;n one side of the tooth max ppt nttc:ssartlv n;present the other stdes. . 

28 
Stereology· of, Blood Vessels In the Periodontal Ligament (POL) of Man. 
K.w.c. FOONGl, M.R. SIMS•, W.J. SAMPSONl and c.w. OREYERl 
-{Dental Fac:ulty, The Unlveralty of Adelaldel & University of Sydney.): 

Histological studies of human POL report mean blood vessel volumes from 
1.63% to 3.5% (Glitz 1976, 1980). However, sttteological Tl!M animal data show 
lumlnal volumes from 7.5'11\ io 11.3'11\ (Freezer and Sims 1987; Parlange and Sims 
1993). Therefore the present TEM study was amducted to provide slereological 
blood vessel data II) human POL. ·Fout premolars In the left and right 
mandibular segments of a 20 year old bum, victim were Immersion fixed In 2.5% 
glutaraldehyde and demlneralized at 4oC In O. lM EDT A. The teeth, bone, and 
PDL were proceased for TEM. Stereologlcal evaluation revealed POL mean 
lumlnal blood volumes from 8.97 ± 2.05'11\ (SB) to 9.52% ± 2.28%. Wall volume 
added 3.39%. These findings show POL blood volumes three to seven limes 
ar••tec than previously rcportgd Mean blood volwne does not accurately 
define the regional dlatrlbutlon of the mlcrovascular bed. 'This study was 
supported by a grant from the Australian Society of Orthodontists' Foundation 
for Re.search and Education. 

81 
A Comparison of Nickel-Titanium Wires by Tensile Test. 
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 
I 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 e lasticity), 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 obtained with the nickel-titanium wires ( except Nitinol) were 300-490 
MPa for 0.1% yield strength, 8-10¾ elongation, and 1250-1500 MPa for ultimate 
tensile strength. Significant differences in force exist among nickel-titanium wires 
when utilisina the pscudapJasticity as evidenced by the yield strengths 
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~ge chenges in Iha PE1riodontal lig_ament endolhellel junctions of mice. 
J. CAMERON", M.A. SIMS, W.J. SAMPSON (Faculty of Oentislry, The 
Universily of Adelaide). 

Vascular _permeao1111y 1s a1rec11y propon1ona1 to cnangas in microvasculature endothelial 
Junction morphology (Bundgaard, 1988), and decreases wilh age (Hruza. 1977). An 
increased number of endothelial junction tight regions is related to a reduction in 
permeabiltty, of mlcrovessels (Rippe l\nd Haraldsson, 1994). The aim of this study was to 
assess endothelial juncllon morphology of postcapillary-sized venules (PCV) of four young 

,ALGA (35 days) and four colony related old mice (365 days). The mice were anaesthetised 
and perfused wilh 5.6% glutaraldehyde and 0.9% osmium telroxide WN in 0.06M 
cacodylate buffer. Righi and leh mandibular firsl molar meslal roots wilh associated 
periodontal ligament (POL) and bony socket were dissected oul and demineralised al 4"C 
wilh 0.1M EOTA in 2.5% glularaldehyde and embedded in resin. Blocks were sectioned al 
160µm Intervals from the alveolar crest to the tooth apex and stained for transmission 
eleclron microscope assessment. At each level, f ive PCV each wilh one complete 
endothelial junction were selected at random. Junction dimensions were measured on 
standardised mlcrographs magnified x 150K. The percentage ol tighl regions was 13.7% ± 
3.5% higher in the old mice (p < 0.001) using a chi-square analysis. Tight regions (89.0%) 
were largely confined to the luminal side of the PCV. Other junctional dimensions (fenglh, 
width and size) were not found to alter in aged .f:'DL These changes In eodotbeliol iunclion 

s assessing permeability inaged 
. was supported by the Australian 

Society of Orthodontists Foundation for Research and Education) 

2038 
Morphometry of nel'\'es in the human premolar periodontal lig:amenl 
K.W.C. Foong' and M.R. Sims' (Foculties or Dentistry, National University or 
Singapore' end University or Sydney') 

Volumetric quantification ■nd dislribuUon or periodontal ligament (POL) n..-.es have been 
documented In mice by Freezor ■nd Sims (Aust Orlho J 11:30-37, 19B9), and n mannoseb by 
Pa~ange and Sims (Eur J Ortho 15:33-44, 1993). HOW<iver, mo,phometric dall on human 
periodontal nnervation is lacl<ing. Tho,otore, tho present transmission electron mJaoscoplc (TEM) 
study was conducted to provide mo,phomelric n..-.e data In human POL. Four pn,molars In the 
ten and right mandibular segments of ■ 20 year okJ bums victim ware ktunersion fllCed In 2.5% 
gluteraldehyde and damlnenilised et ◄"C in 0.1M EDTA. Tho teeth, bone and POL were 
processed for TEM. Ullrethin horizontal sectjons (Ar,•Au interference range) were obtained from 
the distofinguol and distobuccal ~gaments rrom Iha alveolar crest to the root apex at 
predetermined level5, 1000 microns apart. Data collected using standard point cow-.«i'ng 
procedures were ■natysed wilh ANOVA for main effects due to side of mouth. depth and zone 
aero,. ligament The meen axon volume was 0.52 ± 0.12% (SE) or the tel.al POL volume. 
Schwann cens and K·cells contributed an additional 0.48 :t 0.11 % (SE). Unmyefinatad axons were 
five to sbc times as common as mye»nated axons_ StalisticaJly.slgnifteant differences (p<0.05) 
occured between different lateral thirds, end between lhe vertical thirds. The greatest relative 
proportion ot axons is located In the mid-lateral third (appro>dmately 80 par cant), and In the apical 
lhirti (ii 70 per cent). These findipgs show that the neural composition of the human PPL ls not 
ynifgnn Jbe varjabla cegipoal conc9ntration pf nerves suggests dlffaceotial neural [uociion and 
reaffirms the anisotropic nature ot this connective tissue. This stvdy was supported by a grant 
from the Australian SoClety or Orthodontists' Foundation for Research and Education, 

471 ~~~o~~~A~~~:~n :r, ~T~~;~m ~~~1;i8(,~°'J to":n~:e~~llal, 
Bangkok 1, UnlvOly ol Sydney2 and Nallonal Unt~arully of Slngapora3). 

MaxUlary lncl,or lractura Is a common dental ln/ury, and Is ollon lrealod by endodontlc lherapy, 
orthodonllc extrualon, and a retention period. Th& elm of thll aludy wet to mimic 1h19 regime and 1&11 lha 
hypolhasls lhal vascular end neu,al n,conslltullon of tho periodontal llgamont (POL) was complelo allOr a 
long term non•hll'Ttan ptimate r11ention of 30 weeka in the marmoset, which approximalad 3 yellllJ in 
human tlHIDS. Four mal& mermosala (CaJIHhrlx Jacchus) ware uaed 89 anlmM model• to 1lm.Jeete this 
lreatment regime. The experlrnenlal procedure Involved lhe uppe< lolt contra! Incisor crown removal, root 
canal therapy, lollowed by magnetic exlrutlon of 1.2 nvn. The rractu,ed Incisor was relafned In the 
e>Clruded position for 30 weeks. The upper right c:anlra, lncbors acted as conlrols. Each animal was 
perfusion lbc.ed wtth 5.8% glutaraktehyda and 0.9%. osmium talroxida mixture. Th& teeth, bone and POL 
we,a prooeased for TEM. Horizontal secllons at 150 micron levets from the alveolar crest to Iha root apex 
were obtained from the moat mes/al POL ragiona. Data cot/acted u,ing standard point counting 
procecturN were anaJystd using a generaleed Unear regression modea tor difler&nce9 between control 
and axper1mantal neurm and vessel volumes. Oltferences In vessel diameters and veuef wall 
lhlcknenes w..-1 assessed using ANOVA, Sle<eological evalualion reveeled lhat reconstitutlon ol lhe 
POL blood vassals and n8fVes W8fe essentlally ~ete aher a 30 weak relanUon period. However, waU 
thlcknH£ of postcaplllary-Qzad venules in experimental central Incisors were sJgnlllcanUy smallor 
{p<O.OS). Those Undlom show tho! while Pbvsfoloolcal ra:tslabkhment of the vaswiar and nollal svstem 
hftd oca.ured 1ho morobPloofcal rocoosmuuoo of 09$ICaollfarv•slzed vanu/es was lncgmo101e or 
[Oprasanlad a fgnggr term or oonnanen1 chenga. CUnlcel lmpllcatlons of lhls study suggesl a relenlion 
period or between 1 and 3 years in human lerms In order lo maximise resloration ol bolh sys1ams. and 
minimise orthodontic relapse. This study wos supported by a grant lrom Iha Auslrallan Society of 
Orthodonli5ls' Foundation for Research and Education. 
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2581 Mkrovessel changes In ;aged mouse perlodonta.1 ligunent. J. CAMERON•, 
M.R. SIMS. W.J. SAMPSON (O.pulm<nl ol Dentistry, The University ol 
Adel1ide, South Au,tr•1i•, SOOS). 

The morphology of the mlcrovasculature bed of periodontal ligament (POL) provides 
lnformiltton regarding POL function, e.g., pennublllty and tl!.Sue perfusion. Age clu.ngcs 
in mice POL blood vessel lumln1l volumes and waU thickness lw.ve bttn reported (Sims, 
J Otnt Ru 70: 677, 1992). Thi, sludy •lmtd lo oss,ss postcopiU•ry•slztd venule (PCV) 
morphology ol lour young ALCA (35 d•ys) •nd lour colony related old mice (365 d1ys) 
using transmlssion electron mlcro,copy (TEM). Anaesthetised mice were perfused with 
5.6'K> glutauldehyde and 0.9'K, osmium ltlroxlde W IV In 0.06M cacodyl.te buffer. 
Mandibubr first molar mesial roots, wilh .associated bony soclcet and POL were dis.sected 
out i nd dtmlnmllsed al 4"C with 0.JM EDTA in 2.5'K> glutu•ldehyde. Tissue blocks were 
resin embeddt'd. St"ctioned at 160 µ.m intervals from the aJveolu crest to tooth apex and 
$t1i.n~d for TEM. Dimensions of five PCV per level were measured on standardised 
micrographs magnlfitd xJSOO. Age effects we« lesltd using multiple regrwlon. Age had 
nQ signlflc.rnt elfect on rev diameter or type. Numbers ol rev In the POL tooth third 
were higher In old mice (p < 0.01). Of these PCV, •lgnlflc•ntly mone were 1perlcytic (p < 
0.001). N=ber• of rev decreutd 6ignilicanlly (p < 0.001) In young mice In the POL 
middle circumlerenti1l third h11fw1y down the molar root. Thw cb101a in PCY 
morphology with age may Indicate functional modification of POL m!qoyastul1 ture 
durins: ,geine- Permeability sh.ldiu ln 1ged POL are needed to further Investigate this 
conclusion. (This s tudy wu supported by the Australian Society of Orthodontists 
Foundation for Education and Research) 

80 Nonnal and Aged Microvo.sculilr Dcd Volumes i.n the Periodontal Ligament, 
M.R. SIMS"(Disdpline of Orthodonttcs, The University of Sydney): 

U Jtnstructural d1ta comporing the normal and aged microvascu.Jar beds in periodontal 
Uge.mcnt havc·not been e5tabllshN. This study tested the hypothesis that a reduction 
occurred ~n the total luminal volume in the aged ligament. Following vascular' 
perfualon of thirty five day-old and one year-old ma.le mice the mandibular first molars 
we.re sectioned for electron microscopy. The POL circumlcrcnti.11 third regions were 
examined at 150 µm intcrvall from the alveolar aest to the root apex. Blood vessel 
lumino wue randomly sampled and the data analysed al the P<0.01 level of significance 
for the ageing effect and differcncu across teglons. The me&n lwninal volumr of 8.63% 
:1: 1.37SE of young rOL lna<>astd to 9.83% :1: 2.H.SE in aged llgoment (P<0.01). The mean 
POL wldth of 119.9µ,n :I: 16.9456 In young mice decreased lo 60.0µm :I: 10.58SE in •g•d 
mice: The collecting venules and the group comprisLJ\g arteriovenous anastomoses 
plus tennim:I •~als demon,trated • twofold increase in luminal volume dcn,ity 
(1'<1>.01), Furtl,tnnQre, the 11\lcrova,c:ular bed In •gee! ligament showed ~ional shifts 
for the different veuel profilea. In aged POL the combined arteriovenous an.stomoscs 
and tennlr\ol orterlal Input bypu,ed the capilluy _bed to be shunted principally Into the 
coUccting venule 1egment. On lhc host:, of these flndinp lbc hXP<Jtbc,Js WH rc;ie<:tcd 
Thia project :wu supported by NH&cMRC Grant No. 880343 &nd the Austnlion Society o( 
Orthodontists' Foundation for Rneucb. and EducaUon. 

26 A Model fer Ile Respoose o/ Blood Vessels 1<> Tensile Forces. P J LEWIS', M R 
SIMS, 0 LA YMAN1, N HUNTER'. {Discipline of Or1hodontics and 1Insilule of Denial 
Research, Facully ol Denlislry, Unl\/e~lly of Sydney and 'Univmily QI Looisiana) : 

AIMS : Tha m~rovasculature In the periodontal attachment is exposed to tensile lorces during 
orthodonlic manipulations. Tha blood msel netwoll< CQUld undelgo bolh sl'uc!Ural and lunclional 
changes In respon&e lo stretthng and compression. A model is required kl further invesligale these 
possible changes. METHODS : EndolleUal eels 1vere collecled by collagenase perfusioo ol human 
umblHcal veins. The cells culhued tQm passage 3 lo passage 6 were Induced to lonn networks by 
exposure lo a reconstiluled basemen! membrane, Malrigel. The vessels lonn rapidly and are 
relalively slable wilhin 4 lo 6 hou~ of placemen! of the cells on Mairigekoaled nexlble based petri 
dishes. These dishes were then slrelched lo place slatic loads Qn the netv«>rks. Tme lapse 
pholography using phase-<:onlrasl micrQsropy was used lo slUdy lhe vascular dynamics within a 
defined field. Mediators were lesled using enzyme inmanomen: assay techniques on lhe 
supemalanls and the cell lysales. Internal cellular stress levels were tesled by llow cytomelric 
evaluation ol heal shock protein {HSP 70). RESULTS : No gross raorganisalioo of lhe blQod vessels 
was noted in response lo tensile fcrces however. the vas:ular networks did undergo a degree of 
acceleraled maturation and subjeclively the vessels were of improved quality. Tension generaled a 
rise in levels of lnlerteukin-1 p \\llile compressioo Induced a decrease. A reciprocal effecl was noted 
Jo, endothelln-1. HSP 70 levels -e elevaled by large tensional loads bul nol small lQadings. 
CONCLUSIONS : From s!udies to dale the model ol vascular dynamjcs using network manipulalion 
in vitro wjH enable !he evaluaoon ol morphological biochemical and cytoskelelaJ changes under 
tensile lorces. 
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1 Thcimal Effect on Bending Propct1ia of Orthodontic Bonding Materials. 
ll OOllClllN". T, MOlll nd M. ll. SIMS (F,cuky ofDenristry. Univer.li1y ofSyilney). 

Foi the si~ul,dion of bonding situatiorui infonnation on the mechanical properties oflhe 
materials involved is required. The purpose oflhis in vitro study was to investigate the effect of 
tbrcc tctn()(talurcs, 23:1, J7°, soac on the bending properties of three orthodunlic bonding 
matcriaJs. One hundred and ~ty bar samples of two visible Jight~urcd and one auto-curing 
bonding agent immersed in water. and dried at 23°C (control) were tested by the J-point bending 
tcsl. Bending properties investigated were modulus of elasticiry, bending strength, deflecrion al 
fracture and fractuie energy. The results were subjected 10 ANOVA and Student-Newman• 
Keuls' test Starislienlly significant differences (p<O.OS) were noted in all n«ural parameter., in 
each material a.,• function of ternpcrolure. Modulus of elasticity reduced from 9. 7 to S,4 (GP a) 
in Sequence, t 1.8 to 6.4 (GPa) in Transbond and 11. I to 5.8 (Gl'e) in Concise. Average 
balding strength (Ml'•) reduced from 132.4 to 98.8, from 112.2 lo 86.6 and from 110.1 to 80.3, 
respectively. when temperaiun: increased from 23 to S0±J°C. The results of this study indicate 
significant brittle-ductile ltandtion due to increased temperatures under wet immersion test 
conditions for all materials. In diy ambient conditions the maleriols remained brinle. The 
thermal effect on the mecha.gjcal properties of orthodontic bonding motctjols need to b~en 
ioto account in the con:cJarion of in vitro and in vivo stress conditions. This study w.ss supported 
by the Australian Society of Orthodontists' Foundation for Research and F.duc.Atinn 

24 A Comparison Of Tho Bonding Behaviour of Nickol-lilanium Orthodontic 
Arehwires. K. J. LESTER•. T. MORI and M. R. SIMS 
(Faculty of Denlislry, Unlvoraity of Sydney) 

Now generation nici<eHitanlum (Ni·li) orthodontic wiras display a distinctive pseudoplastic 
plateau (PP), and a suitable mar1<erfor tho onset af the (PP) is 0.1% pseudo yield stress 
(0.1% PYS), (Stanton 1995). In the present Investigation a lhree polnl bending last was 
performed, at ambient temperature for Ni-TI wires from the tame batch as those te,ted in 
tension. Four replicate gpeclmens offlve commercially available brands of wire were 
daflected up lo 4 mm at tho middle af a 14 nvn apan. Results confirmed the presence of 
PP in three of the teated wires, but force levels ror the start of the stress Induced austeni1ic 

· to martenalUc phase transformation were substantially higher experimentally than those 
predicted by the O. 1% PYS data. In addillon, no distinctive transllion polnl was identified. 
Tha■e features can be explained by the complex stress distribution pattern and gradual 
lnctaase In tensile stren from a concentrated area on Iha surface of the wire in the 
bending test A reasonable esUmate of the force produced by Ni-Ti wires as !hey unloaded 
across the PP was however, provided by tho 0.1% PYS data. This feature was conoidored 
cllnlcally relevant•• it was the unloading af a wire that Imparted a force to a malallgned 
tooth. The O 1 'h PYS data can be used to gtve a reasonable esllmate for this force in Ni-Tl 
wtr•• In cllnlcaj use Thi's 'study was supported by Iha Australian Society af Orthodontists' 
Foun_dation for Research and Education. , . 

38 Experimental Condilions for Slrcss Rclax.alion Tesl of Orthodontic 
Elastomeric Chains. H. CHAROENYTNG•, T. MORI and M.R. SIMS 
(Faculry of Dentistry, The UniverSity of Sydney) 

Elastomeric chains httve ~n v.id~ly used as a tooth moving device for the last 30 years. A 
voriery of new generation chains hns recently been inlroducerl bul little is known of their force 
delivery capabiliti~. These claslomcrs are known of their force decay or strcu relaxation 
which lakes place in relatively short perioc.ls of time, up lu 74% of the initial force within 24 
hr (Andreason & Bishara, Angle Ortltod 40:319, 1970). Therefore an inilinl force of about 
1000 g ( 10 NJ is required in order to use sen_eroUy ecccpled forcernf 150-300 g ( 1.5-3 N). 

111c present study aimed al linding a level of extension which would provide initial forces of 
approximately 10 N. Seven clear, closed space chains prodllced by five manufacnucrs were 
studied. Each product was cut in three different lengths (n,m), short (6.3 -7.S), medium (14.4 
- 16.7) ancj Ions (29.9 • JS.3). They were tested at a cross-head S'Jlccd of SO nm•min under 
umhienl conditions of23 ± 1 'C and 50 ± 10 % relative humidity. 

Maximum extensions nt frac;:ture were in the nmge of 319 lo 511 %. generating forces of 18.5 
to 24.9 N. The l'orcc value., were rclati\'ely constanl despite variations in length (number of 
loops) for the extensions ofup lo 200 %. At this extcnsio1, the force range of6.2 lo 11.3 N 
was recorded. A 200 % c;\flcnsion of Ion~ chnios will be ceasonahlc for 1hc srudy ofsto:ss 
relaxation hchovionc·nfortbodo'nlic clas1arncn; 
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69 MaxiUary Morphology o{ piltients with Obstructive Sleep Apnoea. 
0.H. Seto•, M.R. SlMS and P./\. ClSTIHJ.ln, •Duclrline of OrthodMlir, , Univ, t1r SyJ., 
0stttp Oisntdcn Ccnlrc, St, Ccorg:c HospitAl. Syd., Auslralfa 

The aim of this 5ludy i8 to compMe the muillary tnMphology of ob9tmctivc- sleep apnoea 
patients with a group of matched nom,,1I ,:ontrols. The hypothesis is th;;,,t paticrtts with 
obs-trut::live sleep apnoea have different maxillary sMpe and archform configurati.on 
compared lo normal controls. Forty p;,,ticnts: with c;,bstruclive sleep apnoea confirmed by 
polysommogr.1phy were randomly chci!<-cn from thc Sleep Disorders Centre, SL George 
Hospital. Twenty one normal conlrt'lls were &elected from volu nteer cmployee.c; o( the 
United Dc.ntal Hospital by questionnaire screening to exclude hea-vy snoring and 
obstructive sleep apnoea. Dental ca~li. wer~ obtained for all patient, and controls, The 
inle r-canine, inter-premolar and inter-1nofa.r distances were c,easurcd with vernier 
callipers with centroids as landmarks according to Moyers ct al. TI,e maximum p~atal 
height and maxillary depth were also recorded. AU mc;isuremenls were duplicated a. 
month later. lndc,c o( rel iability was more lhan 99% for all measurement'-. Fourth order 
polynomial ~u ... tions were genernted to describe the arch forms. TI,e reeults indicate that 
patient:, wi th obstructive sleep apnoci\ Mvc narrower maxillary ard\es compared to nonna.1 
controls. These .findings were slatisticAlly significant at the canine (p<0.005), first premolar 
(P<0.005) ond lint molar (p<0.05} region. Similarly, patient'> have higher po.Jara.I indicc, 
than controls, at the canine (p<0.005), first premdl.u (P<0.05) and molN' (p<0.05) ttgion. In 
addition, the quadratic (x2) coefficients derived from the-polynomial equations.suggest a 
more tapered archform in the po1ticnt& comp:ncd wUh the controls. These Cffitlll! support 
th¢ bypntbrqis that patients wilh nbc;t;:n•ctivc eh:tp apnocn have Dilrrower fapccrd an·bcs 
and higher p;datnl indlcr, rampaccd lo nnnnPI rnotrol5 This project has been supported 
by the Aust. Soc. of Orthodontists .Foundit-tiOn for Reuarch 11nd Education. 

71 
CnniofociD.1 Felltu~s of Binder's Syndrome and Cl\ondrodysplasia Punctata: Profile 
Analy.,is. K.TITUS', M.R.SIMS, M.D.SNOW, L.J.SIIEFFIELD. A.M.HOWE, 
(DiscipLioe of Orthodontics, University of SydneY., N.S.W·): 

The multifoctorfal oetiology of Bindcc's Syndrome (BS) and Chondrodysplasia Punctatl (CDP) is 
linked 10 arresrod nasal scplal dcvclopmenl, witb rcsuita.nt cbaraclc:ri.stic fncics. Whilst most 
cepha.Jomclric srudies have focus!.Cd on hard ti&SUes (HT), few have quantified soft tissue (ST) profiles 
or comp.m:c.1 rcla1ives with BS/CDP patients. This ccphalomctric study of Hr and ST c.ompaucd 
cro.niofncia..l features of 11 patienls affected by CDP/BS with nocms and m.idfucial profile proportions 
of23 patients with 1,elatives using photographs. Three midfaci.ll ST ratio.s derived !coo anthropometric 
nor:os were assessed photographically. Student 1-tes1 and Pearson's Co11tlation Coeffiden1s provided 
statistical iioalysis Jiet a.c p<0.05. There were significant findings for 12 out• of 29 HT and ST 
varfables:• CDP/BS subjects had redue«I anterior moial base length (S-N). maxilluy length (PNS-A 
and Co-A), angle of facial convexity (N•A-Pog), but h4d incrca.c;cd mandibular to mu.ilJary diffc.tCnLial 
(Co-On 10 Co--A), lower aatcrior face height (ANS-Men) and upper 10 lower ao1crior fuce hdght ntlo. 
Holdaway ·ST analysis showed:• CDP/BS subjects had Muccd nose prominence, incrcascd upper lip 
truckness and "strain", and lower lip promine.nce. A Normal nasolabi~ angle was present in 55% of 
subjects. DiffcrcnetS existed between patients and norm5 (or ratio Sn-C:Sn-Prn, indicating cithet 
shorter columcll1 length (Sn-C) or no..i;ot tip protrusion (Sc-Pm), or both. Ht findincs ronfirmed tbal 
1bc nun~axmnrv complex w~s nffoclOO in RS and CDP. SJ' Malvsc5 confirmed nasnl. rctrusioo :id 

Th.is project wns supported by the Austral.iiU\ Society or Orthodon1ists' Foundation for ~h and 
Education. 

36 Endolhelin-1 Expression in Normal and Conlinuously Loaded Aal PDL 
Microvasculature. MILTON R. SIMS. (Microcirculatlon Laboratory, Flinders 
University; Orthodontic Unlt, University of Adelaide, South Australia}. 

The endothelln-1 (ET-1) peptide Is Iha most potent vasoconstrictor known. It occurs in a 
variety of tissues and is synthesized by the endothelial cells of arteries and veins in 
animals and man. This study tested the hypolhests that short term, conllnuous molar 
loading would cause upregulallon of ET-1 in Iha POL vasculature. Five male Sprague-

. Dawley rats, 350 ±SO gm, were anaesthellsed IP wllh Nembulal (0.6mg/100gm). A head 
frame applied an external load of 100 ± 20gm !or 3 hours, lransmilted via a randomly 
allocated fnter-occlusal rubber pad between the left or right molars: controls were the 
contralateral molars. The rats were perfused with 5%, paraformaldehyde and the jaws 
sectioned sagittally at :::1 SOµm, Sections were lmmunolabelled with ET -1 (Peninsula) and 
a-smooth muscle actin (Maxim Biotech) and secondary antibodies conjugated with CY3 
and CVS (Jackson). Serial images were captured at a constant signal to noise ratio with a 
Bio Ra~ MAC· 1000 confocal microscope. In control POL, the ET-1 labelling occurred 
sparod1cally In all types of blood vessels. Loaded POL revealed slrong upregulation of 
ET-1 expression in cementoblasts and a greater number of vessels1 such as apical 
arcades of poslcapilfary-sized venules, and those adjacent to alveolar walls. UpregUlation 
affected blood ~essels with and without smooth muscle, Including 1hose in alveolar bone. 
The study confirmed the hypothesis and demonstrated Iba! ET-1 quiescence Is not the 
POL vascular endothelial cell default slate. Funded by a grant from the Auslralian Society 
of Orthodontists1 Foundation for Research and Education. 
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C-19 Confocal L.iscr Scanning Microscopic Sludy of Marmoset Pcriodomal Ligament 
Microvascultllure. 
J. ASHWORTH and M. SIMS (The University of Adelaide. South Australia). 

Knowledge of nonnal periodont:tl ligament (POL) microvDScular physiology is required lo 
determine its biological response to orthu<lontlc forces. This investigation examined normal and 
continuously loilded marmoset paradenta! microvasculature using antibodies to cndothlin-1 (ET - I) 
and :ilpha smooth muscle actin (a.-SMA). Four animals were anaesthetised for 2 hours. An 
external loading device applied a continuous load of l20-200gms againn the mandible. An inlcr­
occlusaJ rubber pad w.i.s randomly placed between 1hc lcfl Or right molars. The conlra-latc:ral 
molars acted as controls. Undcmincra.Jiscd mandibular sagillal sections 150•200µm 1hiclc were 
incubated in anti-ET-I (Peninsula) and lgO/Cy5u" (Jackson) und 11.nti-human a-SMA (Maxim 
Biotcch) and lgG/CyJ™ (Jackson) o.mibodies, respectively. A conrocal laser scanning microscope 
(Biu-Rac.J) and CoMOS sortware programme provided three-dimensional images by computer 
s1acking of optical sections. The microvasculature showed n scath::rcd distribution of ET-I 
inununolabclling: and a more generalised vascular smoolh muscle cell presence in both che 
experimental and control POL. These findings demonstrate the presence of va5odilat9ry 11nd 
va.:;ocons1ric1ive elements in the unloaded and loaded marmoset PDL micrgvascular bed. This 
research was supported by the Australi11n Dental Research Fund, Grant No, ROR 000773 and the 
Australian Society or Orthodontis1s Found.i.tion for Research and Education. 

UL TRASTRUCTURAL AFFILIATIONS OF OXYT ALAN 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 vascular 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 
different categories of vessels constituting the microvascular bed. 
Periodontal receptors with oxytalan fibres were also present in the 
septa! wall of dividing vessels and related to endothelial 
protrusions 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. 
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46 
AGEING CHANGES IN THE PERIODONTAL LIG>.MENT 
HICROVASCULATURE, 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. 
KATERIAL: 4 male ALCA mice JS-days-old and 4 colony 
related 1-year-old males. 
METHOD: After anaesthesia with IP nem.butal, the rnice 
were perfused via the ventricle with 2. 51 
glutaraldehyde containing o. 9\: oso4 w/v and O. 006H 
cacodylate buffer. The mandibles were demineralised at 
4 ·c and the first molar blocks processed for electron 
microscopy (TEH) to section the mesial POL parallel to 
the occlusal plane at lSOµm intervals from the alveolar 
crest to the apex. Sections were TEH stained and 
micrographs taken at xJOOO in the tooth, middle and 
bone circumferential thirds at each level. Point count 
data were stereologically analysed and statistically 
evaluated using a repeated measures A.NOVA. 
RESULTS: The luminal volume of arterial capillaries 
comprised o. 2\- of young PDL at 2 . 4\ of the total 
microvascular bed volume. In aged POL the arterial 
capillaries formed o. 4 I of POL volume and ?4\ of the 
total vascular volume, which had increased x2.J. 
A.rterio-venous anastomses (AVA) had a luminal capacity 
of o. St of the PDL volume in young mice and provided 
6.01 of the vascular volume. By contrast, in aged POL 
the Ii.VA luminal v olume increased significantly (P<O. 01) 
to form 2. 0 % of the POL and 10. 2\- of a doubled vascular 
volume . 
CONCLUSIONS Arterial capillary bed l uminal volume did 
not show a major change in the aged POL. The 
statistically significant AVA increase provided the 
additional arterial avenue to s upply the enlarged 
vascular volume in aged POL . 
The extra AV1'\ 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 (POL) MICROVASCULATURE 
FOLLOWING MAGNETIC INCISOR 

EXTRUSION AND LONG-TERM RETENTION 
S Chintavalakom, 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 POL 
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 i 7 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 Os04 • 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 ofluminal and ablwni­
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 POL 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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64 ORTHODONTIC TOOTH MOVEMENT AND 
THE ROLE OF THE MICROVASCULAR BED 

OF THE PERIODONTAL LIGAME NT 
M R Sims. Faculty or Dentistry. University or Sydney. 
Australia 
( KEYNOTE ADDRESS) 

Without the presence or the periodonwl ligament ( POL) 
microvascular bed ( MVBJ. orthodontic tooth movement 
could not occur. A feature or this vascular system is its 
essentially venous structure tha t hold over 90 per cent or 
the PDL blood volume. 
The PDL blood system provides the source reservoir for 
the exchange or metabolites and cells across the endothelium 
between the vascular and connccti,·e tissue compartments. 
This endothelium is an active structure in the physiological 
exchange mechanisms. generating an array or regulator 
molecu les to control both internal and external changes. 
Orthodontic tooth movement can reposition a tooth I 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 associ,11ed MVB recon­
stitution must involve rapid angiogenesis. 
ill rim, model systems provide growth or endothelial cells 
under conditions that mimic an i11 1·i1'0 situation. 
Angiogenesis in the laboratory provides an insight into the 
formation or lumcns and the anastomoses or adjacent 
sprouts to form vascular loops and planar networks. 
Some morphological. runctional. and ageing features or 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 9BSE, P4 processor 2.0GHz, 256MB RAM) 

VIEWING MOVIES ON CD 

1. Open Confocal Assistant Program (CAS40) 

:W; Confocal Assistant 

file .E_dit Y'.iew !::[elp 

JD 15 1 11~1~1 ~I ~ 1~1 =- I l®. le..11:1 l®..I [!] 
Section of ~ ~ [LJ IS I 'I I 

2. From the menu open the file of the selected movie 

':W: Confocal Assistant - MOVIE1 .AVI 

file .E_dit Y'.iew !mage ~eries ~indow !::[elp 

ID 15 1 l l~l[Q.11~ I db ,~ I~ I J®..le..1 1:(l@..I [!] 
Section of 31 ~ ~ [I] I ~ I I I 

3. Press the Play button [tJ and the control panel appears 

:W: Confocal Assistant - MOVIE1 .AVI 

file .E_dit Y'.iew !mage ~eries ~indow .!:!elp 

ID 15 1 11~1[9.I ~ I JI, I~ I~ I J~®..~le..~11:~1 l@..~I [!] 
Section of 31 I 

Movie 1. Paper18 Figure 7a Stack Images 4-26 CY3,CY5 70MB 

Movie 2. Paper18 (from Fig lb) Stack Images 4-26 CY5 36MB 

Movie 3. Paper18 Figure 11 b Stack Images 1-13 CY3,CY5 36MB 

Movie 4 . Paper18 Figure 12b Stack Images 6-20 CY3,CY5 70MB 

Movie 5. Paper19 Figure 3 Stack Images 3-10 CY3,CY5 36MB 

Movie 6. Paper19 Figure 6 Stack Images 1-11 CY3,CY5 36MB 

Movie 7. Paper19 Figure 7 Stack Images 1-18 CY3,CY5 36MB 

Movie 8. Paper19 Figure 8 Stack Images 1-11 CY3,CY5 36MB 

Movie 9. Paper20 Figure 4 Stack Images 3-20 CY3 36MB 

Movie 10. Paper 20 Figure 5 Stack Images 1-17 CY3,CY5 36MB 

Movie 11. Paper20 (from Fig 5) Stack I mag es 8-15 CY5 36MB 

Movie 12. Paper20 (from Fig 5) Stack I mag es 3-15 CY3 36MB 

Movie 13. Paper20 Figure 10 Stack I mag es 1-13 CY3,CY5 36MB 

Movie 14. Paper20 (from Fig 10) Stack Images 1-13 CY5 36MB 

Movie 15. Paper20 (from Fig 1 OJ Stack Images 1-13 CY3 36MB 




