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SUMII.ARY

previous plastic perfusion studies in mice, rats and

dogs have indicated that j-mportant species differences exist

ín the oral microvasculature.

Earlier microvascufar studies r¡rere hampered by technical

Iimitations of the tight microscope. The SEM, with its

superior resolution, magnification and depth of focus, haS

enabled detailed examination of the microvasculature to be

undertaken.

The aim of this study was to investigrate the

microvascufature of the marmoset palate and periodontium

using SEM stereopaj-r micrographs of microcorrosion casts for

three-dimensional eval-uation of species differences.

Eight adult femal-e marmosets (CaLl-ithrix jacchus) rtrere

used. The animals \^rere anaesthetized and perfused with Mercox

resin. The tissues were corroded with 10% HCl and 10% KOH

solutions and t.he cleaned casts hrere coated and examined in

the SEM.

Vascul-ar casts were classified according to their

endothelial imprint pattern (Hodde, L98L) , branching pattern,

and vessef diameter (Rhodin, 1-967, l-968) .

Throughout the entire hard palate, a series of papillary

Ioops extended perpendicularly from a subpapillary plexus to

the connective tissue papilJ-ae. These Ioops showed a generaJ-

sagittal- orientation, and v/ere aligned on the crests of the

rugae to form a well-delineated spine. The subpapillary

plexus formed a canopy over an underlying venous network

whích l-acked a definite orientati-on.

In the gingivae of upper and Iower premolar and moÌar

teeth, a gap r¡fas observed between the vasculature on the
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sulcular side and on the vestibular.and palatal side. Despit.e

the 9ap, anastomoses occurred between the two sides at a

deeper level-.

Under the crevicular epítheIium, a circular pÌexus of

vessel-s encircled each tooth. Crevicular loops arose from

this circul-ar pJ-exus, also encircling the tooth.

The periodontal ligament vascufature consisted of a

network of occluso-apicaIIy orientated vessefs, comprising

mainly postcapillary-sized venul-es. Capillaries and

arterioles were less abundant. Perforating branches from the

alveolar bone contributed to the periodontal ligament

network.

Vessels of the gingival plexus anastomosed with those of

the periodontal ligament and the palate.

Species differences with the mouse, rat and dog vlere

reflected in alI sites studied at the microvascular leveI.

These differences may be important in understanding oral

microwascular bed function and the vascul-ar resPonse in

periodontal disease.
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INTRODUCTION

The vasculature acts as a transport syste g

nutrients to and remove waste products from the oral tissues,

and is intimately involved in inflammation and wound healing.

Spatial apprecíation of the oral microvascul-ature is

important for an understanding of its physiologic function.

The architecture of the oral vasculature has been

studied in warious animal-s, including mice (!{ong, I9B3; Wong

and S ims , L98':. ) | rats (Kindl-ova and Matena , L959 , 1962 ¡

Weekes , 1-983; Weekes and Sims, L986a, 1986b) , dogs (EgeJ-berg,

1966; Nuki and Hock , 1'9'7 4; Kishi and Takahashi, I97'7 ;

Takahashi et âI. , 1985) , and monkeys (Kindl-ova, L965;

Castell-i and Dempster , 1965; Rohen, Arnold and V{achter,

1984) .

The oral- microvascufature has been shown to be peculj-ar

to each species, varying from tooth to tooth and changing

with different Iocations around the tooth (Kindlova, 1965;

Kishi and. Takahashi, 19'77; lrleekes, L983; wong, 7983) .

Various methods have been used to study the arrangement

of the bl-ood vessels. The corrosion cast technique produces a

three-dimensional replíca of the blood vessel l-umen. The

vascular architecture can then be studied with the scanning

efectron microscope (SEM), using its superior magnification,

resolution and depth of focus. A list of SEM investigations

using corrosion castS is provided by Lametschwandtner,

Lametschwandtner and Weiger, (1984) -

Stereopair viewing of SEM micrographs provides a clearer

three-dimensional picture of the vascufar bed (Howe.l-1, 1'915) .

ft aflows the connection, orientation and distríbution of

vascular elements to be visualized.

o\
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The rodent and dog periodontium are subjected to

different patterns of masticatory forces because of

differences in their diet and masticatory apparatus. On the

other hand, the nonhuman primate dentition is similar to that

of man. The marmoset periodontium shows pathologic and age

changes similar to those seen in man (Levy, I9'7L; Levy et

âf., L910, L972a). The marmoset temporomandibular joínt. shows

similar movements to that of man (Wilson and Gardner, 1982) .

The study of the monkey microvascufature could provide

information for extrapolation to man in understanding oral

microvascular bed function in health and disease.

None of the studies on monkey oral microwasculature

provide sufficiently detail-ed information of the micro-

vasculature. Vessel- cl-assification and true three-dimensional

presentation using stereopairs is seldom employed. An SEM

study of microcorrosion casts of the oral microvasculat.ure of

the primate will help to fill the void in our current

knowledgre.
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ÀIMS OF THE IN\ÆSTIGATTON

The aim of thís j-nwestigation ís to study the normal

microvascular architecture of the marmoset palate and

periodontium to enable species comparison for understanding

vascufar physiology. Methacrylate corrosion casts wil-I be

stud.ied using SEM stereopair imaging.

Vascular cast s wil-l- be clas s i f ied us ing the imprint.

patterns on the casts described by Hodde et al-. (1"917) , the

branching pattern, and the veSSeI diameters described by

Rhodin (L967, 1968) .

The results will enabl-e comparisons to be made with

similar studies on the períodontal and palatal vasculature of

mice (V{ong, 1983), rats (Weekes, L983), and dogs (Takahashi

et âf., 1985). From the limited number of animal-s, âD attempt

wiII be made to compare the vasculature of young and oId

adult marmosets to evaluate ageinqr chanqes in the

microvascular bed.

1
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LITE REVIEI{

Many investigations have been carried out on the

vasculature of the oral cavity. A variety of techniques have

been used, mostly involving perfusion of the vascular tree.

Animal-s that have been studied include mice, ratS, hamsters,

dogs, cats, guinea pigs' opossums, rabbits, monkeys and man

(Kindlova & Matena, 1959, 1962; Boyer and Neptune, 1962;

Huelke and CastelJ-i, 1965,' Carranza et âf ., 1966; Cohen,

l-960; Weekes, 1983; CastelJ-i, 1963) .

TECHNIOUES FOR STUDYTNG THE VÀSCUI.AR ARCHITECTURE

I. Histological techniques

The vasculature can be studied in stained sections or

cleared sections by perfusing the vessel-s with a dye or

contrast medium (Caste]li, 1'963; Egelberg' L966) . The three-

d.imensional architecture is then reconstructed from serial

sections. The l-imited depth of focus with the light

mícroscope poses a Severe Iimitation for the study of the

vascufar archítecture.

II. Micro-angioqraPhic Techniques

The specimen is injected with a radio-opaque solution,

sectioned, exposed to X-rays and the image recorded on a

photographic plate. The image can be enlarged or examined

under the Iight microscope. Unfortunately, the image is two-

d.imensional, with super-impositioning of images from

different tissue planes.
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II]. Microsphe Tecl.nique

Fotke and Stal-l-ard (I961) infused blood vessels with

microspheres of about 15um 1+5) diameter to study the

vascular network. TiSSue sections were examined to study the

size and distribution of the periodontal wessels. However,

the limitations of light microscopy restrict the usefulness

of this technique.

IV. Vita1 MicroscoPy

Superficial- blood vessels can be observed in vivo under

the líght microscope. Deeper vessefs cannot be observedr So

this technique is unsuitabl-e for detailed study of the vas-

cular architecture and its connections in three dimensions.

V. Corrosion Cast Techniques

Most investigators refer to the casting by the gross

anatomical term " cotrosÍon cast" (Murakami I97I, I912) .

Gannon (I978) caIIs them vascuLar casts. The terms ínjection

method, microcorrosion cast, injection repTica and vascufar

corrosion cast have all been used. To standardize

terminology, Lametschwandtner et âf., (1984) recommended that

the term vascular corrosion cast be used for casts of the

blood vessefs and lymPhatics.

The vascular casting technique has been in use for

hundreds of years for anatomic study. The earliest reported

study vfas by Leonardo da Vinci (L452-1-519) , who cast the

heart chambers and cerebral ventricles with \âÍax (Hodde and

Nowell, 1980) .

With this technique, the vascular tree is perfused with

a liquid from the venous or arterial end. When the Iiquid
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sol-idifies, the tissues are corroded away to leave the

Iuminal contents as a three-dimensional cast of the Iumen.

The resulting cast is examined under the stereo light.

mj-croscope (Kindl-ova & Mat.ena 1959, 1962; Lenz 1968) or

scanning: electron microscope (Lenz 1968 , I9'7 4; rchikawa et

âf ., L911,' Nakamura et âf ., 1983) .

The SEM allows the examinat.ion of surface detail of a

structure in three dimensions. It provides much better

magnification, resolution and depth of field than the optical

microscope. The SEM can resol-ve topographical details of less

than 50 Angstroms with a depth of focus 500 times that of an

optical microscope at equivalent magnifications (Bl-ack,

1914). The specimen need not be sectioned to thin slices and

it can be rotated, tilted, and moved along three axes in the

SEM. Images can be recorded for future reference and for

scienti fic communication .

been

The advantages of the SEM corrosion cast technique have

summarized by Lametschwandtner et al-. (1-984) :

The SEM prowides a quasi three-dimensional image of the

vascular bed with greater depth of focus.

Large specimens can be examined.

ExceLl-ent manipulation of the specimen in the SEM

specimen stage is possible by tilting, rotatíng and

shifting in three planes of space.

Vessels can be identífied by luminal diameter and

endothelial imprints on the casts (Hodde 198l) .

Vascular structures like circular constrictions,

sphincters, anastomoses etc. can be visual-ized.

1

2

3

4

5
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Vascular routes can be traced and photographed, and

presented in stereopair images for three-dimensional

visualization.

Tndividual vessel-s can be studied with respect to their

origin, course, number of branches, branching angles and

direction of orientation. Three dimensional connections

ín the vascular network can be visual-ized.

SEM imagres provide much more inf ormat ion than

reconstructíons from serial- sections and enable us to

study large areas in one view.

The disadvantage of corrosion casting is that alI

tissues are corroded a\^/ay, leaving only a replica of the

vascular channels. Spatial orientation to other structures

such as cementum and bone, ís lost.

Gannon (l-985), therefore, suggested using corrosion

casting in conjunctíon with other techniques such as

histology, TEM, tissue SEM and intravital microscopy to study

the vasculature.

Sobin and Tremer (1980) emphasized that vascular

perfusion demonstrates the total vascul-ar bed rather than the

functional- vascular bed, unless the dynamic state of the

vascular bed at the time of perfusion is captured by quick-

freezing. Furthermore, significant dimensional changes in the

btood vessels occur with such techniques' due to agonal

constriction of vessefs which alters the microvascular bed.

The criteria for selecting corrosion casting compounds

have been discussed by Nowel1 and Lohse (I91 4) and Gannon

(1978). There are two main types of casting materiaÌ

I
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compounds
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used that satisfy most of the criteria: rubber

and poJ-ymeric resins (Hodde and Nowell, 1980) .

Rubber Compounds

Latex has been used by various investigators including

Kindl-ova and Matena (1959, 1962) , Kindl-ova (1963, L965, 1970)

and Nowell and Lohse (1'914) . The use of the SEM to study

Latex microcorrosion casts was first reported in L970 by

Nowell, Pangborn and Tyler. Dried latex casts readily droop,

shrink and. adhere, and are therefore not suitable for

scanning electron microscopy (Murakami, L91I) -

Silicone rubber compounds do not survive the digestion

process due to the fragiJ-ity of the silicone polymer (Gannon,

1,978) and are generally unsuitable for SEM observation.

Polymer Resins

In I97I, Murakami introduced SEM examination of acrylíc

resin corrosion casts of blood vessels. Methyl- methacrylate

casts can withstand strong acid and al-kali corrosíon,' they

are dimensionatly stabl-e and Stronq enough to maintain the

vascular architecture and not CoIlapse under their o\^/n

weight. The casts can be rendered conductiwe and examined .j-n

the SEM.

CL.ESSTFICATION OF BLOOD VESSELS

fn spite of the fact that there

investigrations into periodontaJ- ligament

investigators have attempted to provide a

blood vessefs. Those who did gave only

for their cl-assification, or none at al-I.

have been many

vasculature, few

classification of

very brief criteria
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The identification of vessels by diameter alone has been

criticized because in the living animal, the vessel diameter

is not constant due to autoregulatory mechanisms. AIso, t.he

diameter of a smalI arteriol-e in one specific vascular bed

may be quite different from that in the same tissue of a

different animal (Wiedeman, 1984) . Differences exist in

different tissues as well.

Rhodin (1968) advised that vascular diameter,

perivascular elements and the relationship of the vessel- to

the vaScular System aS a whol-e be considered for accurate

classification of microcirculatory segments. Idea]J-y I a

combination of criteria shoul-d be used in identífying each

seqment of the microcircul-ation.

Rhodin (1961, 1968) classified vessels of the fascial

(subdermal) circul-ation of the rabbit thigh muscies,

according to internal diameter, endothel-ial cell morphologry,

presence of pericytes, veil cel-ls and muscle cel-Is-

Since the ul-trastructural- detail of the vessels will be

lost after tissue corrosion, Rhodin's cl-assification cannot

be fuJ-1y applied. However, part of his criteria relating to

internal- diameter is useful for corrosion casts and will- be

applied in this studY (Table 1) .
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VESSEL

Arteriole
Terminal arteriole

PrecapiJ-Iary sphincter

Venous capillary

PostcapiJ-lary venule

Collecting venule

Muscular venule

Collecting vein

INNER DIAM. (um)

50 100

<50

'7 - l-5 (these taper off to an

arterial capillary within 50um)

Average diameter l-0um

Uptog
I - 30

30 s0

50 r_00

100 300

rF=h]a 1. T n r ¡{i rna{-a¡ a€ lal a 1

(From Rhodin, 1967, 1968)

Rhodin (I967) cautioned that the arteriolar diameter

that he reported may vary by +2um since the diameter measured

in his specimen may not be the maximum diameter. AlSo, the

state of ditation or constriction of the vessels at the time

of examination was unknown.

Endothelial Imprint Pattern

Since all the tissues are corroded ar¡iay in this

corrosion cast study, âI1 that remains to help in
j-dentification of the vessels is the vascufar replica.

Fortunately, the vessel endothelium leaves a characterist.ic

imprint on the vascular cast which could be used to

distinguish between arteries and veins (Hodde et âf . , l9'71 ;

Hodde and Nowell, 1980) . Also, vesSeJ- diameter, vessel shape'
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the pattern of branching and interconnectíon with other

vessefs aid in vessel identification.

Hodde (1981) described the arteriaÌ endothelial ceIl

outl-ine as being oblong, and having ovoidaÌ nucl-ei with

microvil-fous protrusions. The long axes of the nuclei were

paral-tel- to that of the vessel-. Venous endothel-ial cel-Is had

irregular outline. Their nuclei were circuLar, and without

microvil-Lous protrusions. The venous nuclear imprints did not

have as flat a base as the arterial- imprints. PrecapiJ-J-ary

sphincters $tere recognized aS regions of increased density of

the endothelial- cel-1 nuclei imprints and reduced vessef

díameter.

According to Miodonski, Kus and Tyrankiewicz (1981),

both types of imprint patterns may be observed on vessel-s of

diameter greater than B-10um in completely fill-ed and cl-eaned

casts. The surfaces of the casts of the capil-laries was

usual-ly smooth.

fn summary, it is possible to provide a reasonably

accurate classification of the internal- replica of the

periodontal vascul-ature using the fo1J-owing criteria :

1. vessel diameter

2. vessel- shape

3. patterns of branching and anastomosis

4. cel-lular impressions on the cast surface

These impressions arise from :

a) endotheLial cell nuclei

b) endothelial, cell- borders
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OraI Vasculature in warious animals

The vasculature of the periodontal ligament has been

reviewed by Saunders and Rockert (L967), EdwalI (1982) and

Schroeder (1986). Although there are basic simil-arities in

the vasculature amongst the animaJ-s, there exist distinct

differences between the different species in the blood supply

to the periodontal- ligament.

Within each species, there are differences in the

vascufature in different teeth and in different locations in

the periodontium of the same tooth (Kindl-ova, L910; VÙeekes,

1983; Wonq, 1983) .

The blood supply to the periodontal ligament can be said

to arise from three sources:

1. Branches of the dental- artery arising apica1ly,

2. Branches from the alweofar bone, and

3. Branches from the gingiva at the neck of the tooth.

Vessels in the periodontal ligament form a longitudinal

network. These vessels are l-ocated cfoser to the bone than to

the root. The vascular pattern in the periodontium and palate

of various species wil-l be reviewed.

Oral Vasculat re in Monkevs

Cutright and Hunsuck (l-970) studied cleared sections of

macaque tissue injected with silicone latex. They described

vessels of the hard palate anastomosing, via the qingiva,

with the periodontal ligament plexus and with vessels of the

buccal- alveolar mucosa.

fn the oral mucosa, each connective tissue papilla was

supplied by one or more simple or helical capiJ-Iary loops.

CapilIary J-oops were longest on the pal-atal mucosa and



3.10

gingiwa, and shortest between the rugae and on the flat

surfaces of the palate, the loops at the tips of the rugae

and on the alveolar mucosa being j-ntermediate in height. The

loops of the hard palate uiere shorter than those of the soft.

pal-ate in all areas. Cutright and Hunsuck (1970) did not find

any generalized rel-ationship between the height of the loops

and the physiology or function of an area. However, Stablein

and. Meyer (1984) suggest that a rel-ationship exists between

the height of the loops and the thickness of the overlying

epithelium.

In the al-veolar mucosa, Cutright and Hunsuck (1970)

noted an antero-posterior orientation of blood vessels. The

gingiva receíved its blood supply from three sources:

1. from mucosal blood vessels (the largest supply) ,

2. from gingival- vessels anastomosing with the periodontal-

ligament, and

3. from the alveolar bone (minor contributions) .

Gingival loops originated at the junction of the

attached and free gingiva and ran to the gingival crest.

These loops in the cervical- third of the free gingiva had

many interconnecting anastomoses. However, Cutright and

Hunsuck (1970) did not describe the periodontal Iigament and

crevicular gingrival vasculature in any detail.

More detailed information about the periodontal ligament

and crewicular vascuLature was reported by Kindlowa (1965),

who studied the macaque using latex corrosion casts and

histological sections. She described the main vessels of the

periodontal- lì-gament as running J-ongritudina j-ly and located

adjacent to the bony wall, partly grooving it. These vessels

qave off branches towards the tooth that formed a fl-at
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irregular network of capil-Iaries. This pattern was present in

aII teeth on all aspects except adiacent to the

interradj-cul-ar Septum of multi-rooted teeth. The f Ìat

capillary network h/as located closer to the tooth than the

main periodontal vessels. Unfortunately, connections between

the capillary network and periodontal veins \^Iere not

established as the venous vessels failed to fill with latex.

AJ-though the periodontal ligament received its blood

supply f rom both gingival and al-veolar bone wessels, this

difference in source did not influence the structure of the

capillary network, whose architecture apparently depended on

the character of the tissues supplied. No criteria of vessel

classification or dimensions were mentioned by Kindlova

(1965), although she used the terms "arteries" and "veins" to

describe vessefs in the periodontium.

Kindlova (1965) also described anastomoses between the

periodontal- ligament vessels and the gingival- wessels at the

marginal part of the periodontium. Saunders (L96'7 ) and Lenz

(1968) [cited by Schroeder, 1986] confirmed this gingival-

períodontal anastomosís. In the region of the anastomoses

arose two or three rows of straight slender J-oops with

arterial and venous limbs of equal length. These extended

into the crest of the free gingiva where there was another

anastomosis with the capillary loops supplying the oral

epitheJ-ium. However, Kindf ova ( 1- 965 ) did not mention the

orientation and height of the capiJ-lary loops on the oral

aspect of the gingiva.

In the coronal extremity of the periodontal J-igament,

the flat capillary network r^/as condensed into a narrow band

(figure 1) . Coiled capill-aries resembling glomeruli arose



Figure 1. The blood

in the monkey. (From

J.I.:

the marginal periodont,ium

1965) .
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from this band. These capillaries appeared to be present to a

greater extent in the posterior teeth than in anterior teeth

and were most numerous interdentally. Coronal- to these

gJ-omeruli were "tenuously J-ooped capillaries with clearly

coiled arterial parts" found near the epithelial at.tachment.

These glomeruli were considered by Kindl-ova (1965) to be part

of the periodontal ligament, although other workers (Wong'

1983,' Weekes, 1983) disagreed.

Kennedy (I969) studied the periodontal vasculature of

squirrel monkeys using India ink perfusion. Direct

communication was occasionally found connectingr supra-

periosteal vessels to those of the periodontal ligament. This

communication was also found in rats (Garfunkel and Sciaky,

I97L) . Although the gingiva received blood from the

periodontal ligament and the Supraperiosteal vessels, Folke

and Stallard (L967 ) and Kennedy (I969) stated that the

primary blood supply came from supraperiosteal wessels. This

was later confirmed by Cutright and Hunsuck (1970). However,

Kennedy (L969) did not clarify whether this arrangement was

found in all sites in the mouth.

Kennedy (I97 4) noted that the supply to the gingival col

\^ias derived f rom Supraperiosteal vessels and vessels

perforatíng the crest of the interdental septum. He did not

establish btood suppl-y to the coI from the periodontal

ligament, âs reported by Garfunkel and Sciaky (1911,) in rats.

From the examination of two macaque monkeys in each

study, cutright and Bhaskar (1,967) and Rohen, Arnold and

Wachter (1984) could not find the coiled capillaries

described by WedI (1881) and Schwe Llzer (1909) in the

periodontal- J-igament .
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Castetli and Dempster (1965) described the blood vessels

entering the periodontaJ- ligament space mainly through

perforations in the cribríform alveolar pIate. TheSe \^Iere

most numerous in the mid.dl-e and apical thirds of the Socket.

They found no arterial- vessefs from the gingiva supplying the

mandibular periodontal ligament, but these were present in

the maxj-IIa, especialJ-y in the incisor region. Upon entering

the periodontal ligament Space, interalveolar arterioles

immediately broke into capillaries wit.h a poJ-yhedric

plexiform pattern orientated axially. These capiJ-laries

formed a layer close to the cementum. Venules, Seen aS thick

irreqular veSSelS, were present in the ligament and

anasLomosed with one another to form a mesh closer to the

alveolar wall than the capillary 1ayer.

Castelti and. Dempster (1965) noted two directj-ons of

venous drainage from the periodontal ligament,

a) apically towards the aPex and,

b) through the cribriform plate into the bone marrow network

in the interradicular and interalveolar septa.

periodontal- veins increased in diameter as they coursed

towards the apex. These veins joined with those from the pulp

at the apex to form a dense venous plexus in the bone marrow.

The periodontal Iigament veins also anastomosed with those of

the gingiwa, forming a drainage outl-et primarily f or the

gingival crevice region.

According to Fol-ke and Stallard (1'96-7), the vessels

supplying the epithelial attachment in the squirrel monkey

were derived mainly from the afveolar crest. These vessels

were arrang'ed parallel to the epithelíum. The col region was

supplied by vessel-s from the crestal bone as weII as from the
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periodontal ligament. However, there was no mention of supply

from supraperiosteal vessels of the lingual and buccal

interdental papil-lae, reported by Garfunkel and Sciaky (I91I)

and Kennedy (1-914). Furthermore, there \^/as no mention of any

circul-ar vessel related to the epithelial attachment (Wong,

1983; Weekes, I983) .

Cutright and Bhaskar (L967) described the source of the

periodontal- Iigament vasculature in the apical region as the

interalweolar and apical arteries, whereas the cervical

portion obtained its suppJ-y not only from the interalveolar

arteries, but also from the vascular plexus of the gingiva.

However, they did not describe the gingival wascul-ature in

any detail.
Levy, Dreizen and Bernick (I912a) provided l-ittle

ínformation about the marmoset periodontal vasculature with

their histological study. They descríbed interalveolar

branches perforating the cribriform plate into the

periodontaL ligament. Vessels in the periodontaJ- ligament ran

closer to the bone than to the root; arteriol-es and

capill-aries were given off and passed towards the cementum.

This arrangrement of capillaries closer to cementum was noted

by Castel-l-i and Dempster (1965) . Above the al-veolar crest,

Lewy et aL. 11,972a) described vascular branches arising from

the periodont.al ligament, palat.e and al-veolar mucosa

supplying the gingrival area. No detailed description of the

vascular architecture was given, and there was no mention of

which teeth they studied.

In the interproximal region, vessels passing gingivally

from the mesial surface of one tooth and the distal- surface

of an adjacent tooth formed a pJ-exus which sent capillaries
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ínto the connective tissue papil1ae. However, there was no

mention of any contribution from the interdental- papillae or

from alveolar crest vessefs. The orientation of the col

network coul-d not be estabLished with their histological

technique.

Levy et al-. (I972a) noted that on the buccal and lingual

surfaces of the teeth, a plexus of terminal capillary loops

was formed by vessels from the periodontal ligament and from

the buccal and tingual mucouS membranes. Howewer, they did

not mention the height and orientation of these J-oops.

Oral Vasculature in man

Detailed ínformation on the oral microvascular

architecture in the human is lacking.

Hayashi (L932) obtained serial sections of the jaws of

cad.avers injected with carmine gelatin. He described the

dental artery running through the bone, giving off first the

interalveolar branches near the bott.om of the alveol-us. These

branches ran coronal-l-y on both the labial and lingual aspects

to surround the alveofus, and perforated the cribriform plate

to supply the periodontal ligament. On entering the

periodontal J-igament, each dental artery gave off side

branches, termed periodontal rami, which surrounded the root.

The periodontal- J-igament vessels had a longitudinal

orientation, and received blood from the gingival wessefs.

Steinhardt (1935) found the blood supply to the

periodontal ligament to be better in the gingival and apical

parts than in the middle Part.
Castell-i (1"963) , studying mandibular material cl-eared by

the SpaItehoJ-z method, found that veins emerglng from the
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periodontal ligament and alveolar bone united with one

another and aISo with the veins of the interalveolar or

interdental septa. The illustration in his paper showed a

longritudinal arrangement of periodontal Iigament vessels, but

he did not state which of the teeth he studied. The gingival

circulation was not described.

Provenza, Biddix and Cheng (l-960) noted the presence of

convoluted vessels in the periodontal J-igament of two

patients with periodontal disease. These structures' which

they calted glomera, were found throughout the periodontaJ-

J-igament (Provenza, 1964) , but were more abundant apical-Iy.

They were most abundant in the interradicular periodontal

Iigament (Provenza et ãf., 1960). These glomera were observed

histologically, and their three-dimensional pattern waS not

described. No section of any glomus was observed to possesS

the characteristics of capillaries.

Provenza (1,964) sugrgested that the glomera in the human

períodontal lígament may act aS shunts for blood to paSS from

arteries to veins.
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OraI vasculature in mice

Freeman and Ten Cate (1,91I ) observed that in the

developing mouse periodontium, blood vessels occurred closer

to the alveolar bone than to the root surface. This finding

\^Ias supported by Carranza et âf ., (l-966) .

Carranza et aL. (1966) also described the presence of a

circumferential pl-exus cfose to the epithelial cuff, composed

of vascular loops. However, they did not relate these loops

to any circul-ar band (Kindl-ova and Matena, 1962; Kindlova,

1965) . The morphology and orientation of the vascular loops

vrere not described.

Carranza et al-. (I966) reported that connections between

gingival and periodontal blood vessels were Scarce. BIood

vessels in the afveolar bone supplied branches to the

period.ontal liqament, particularly in the middle and apical

thirds of the root. Perforating vessels emerginq in the

periodontal J-igament immedíateIy pursued a course parallel to

the J-ong axis of the tooth.

Sims (1983) stated that in the cervical and apical

reqions of the mandibular moIar, the Iigament vascular

network was a predomínantly venous pool of postcapillary-

sized venules. These vessefs were larger and more numerous

apically, and they did not exhibit the features of

postcapittary venules found in other microvascular beds.

Vüong (1983) conducted a methacrylate corrosion cast

study of the bl-ood supply of mouse mofar periodontium which

he assessed with stereopair imaging using the SEM. Maxillary

and mandibul-ar molar periodontal ligaments were reported to

have similar microvascular patterns.
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The gingival vasculature consisted of an outer circular

vessel system locat.ed occlusally and connected to the mucosal

wessels, and an inner circular vessel group situated adjacent

to the epithelial attachment (figure 2) . The outer

(capíllary) and inner (venous) systems were linked by

rad.ially orientated anastomoses; the latter anastomosed with

the periodontal ligament vessels.

The outer circular system enclosed the three molars in a

continuous path just beneath the crestal- epithelium, and

curved intendental-Iy without traversinq the col. The

principal vessel in this outer circular system r¡Ias a single,

7um capíJ-lary, with two groups of capillary-sized vessels

branching off inferiorJ-y down the inner (crevicul-ar) and

outer (vestibular) slopes of the afveolar bone.

The outer slope consisted of a capillary network of

flattened fish-net pattern which communicated wíth mucosal

capitlaries. However, there was no mention of loops in this

outer slope, described by Cutright and Hunsuck (I970) in

monkeys.

The inner circular system venous vessels (10-15um in

d.iameter) encircled each molar just below the epithelial

attachment (Wong and Sims , 198'7) . In the coI region, the

inner circular systems of adjacent teeth joíned to form a

single vessel 7um in diameter.

Wong (1983) aJ-so described the presence of grlomerular-

like vascular formations radiating towards the crevicular

epithelium from the inner circular vessel- system (figure 2) .

These glomerular-l-ike sLructures v/ere found on alI aspects of

the tooth socket, but they appeared to be fewer in number
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along the mesial and distal slopes of the marginal gingivae.

He suqgested that these glomeruJ-ar-like structures may give

rise to interstitial- crevícul-ar f l-uid and thus f f ush the

gingival crevice. In contrast to the findings of Kindlova

(1965) , these qlomerulí were l-ocated in the crevicular
gingiva (vide supra: 3.13) .

Large venous-like períodontal ligament vessel-s found in

the coronal third of the ligament were connected to the inner

circular vessel system by short axial connecting vessel-s of

the same size.

The major periodontal- ligament vessel-s were arranged in

a pal-isade manner, extending towards the apex to form a

hammock-like cushion arrangement. The periodontal ligament

vessels were axially orientated, occurrinq as single vessels

or in tracts. Wong (1983) found a dense pJ-exus of veins in

the apícal third of the periodontal J-igrament, with a mean

dj-ameter of 26um, forming a hammock arrangement. The apical

network vessel-s r^rere J-arger than those of the cervicaL thírd,
and more closely packed. The interradicul-ar ligament area had

huge reservoir-l-ike venous cushions.

Medullary vessel-s anastomosed with gingival- and

periodontaJ- ligament vessel-s at various l-evel-s. VerticaIJ-y

orientated capillary-Iike J-oops rárere found in the mid-t.hird

of the periodontal Iigament, connecting arterial- vessel-s to

venous vessel-s.

Vüong (1983), and Wong and Sims (1981) , stated that the

paJ-atal mucosa vascul-ature consisted of repeating consecutive

units of crests and troughs. Each rugal crest consisted of a

compact group of transverseJ-y-orientated vessels, B-10um in

diameter, surmounted by a singJ-e 10um capillary.
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Numerous capillary vessels (Bum in diameter) branched

off at regrular intervals perpendicular to this singJ-e crestal

capillary. These branches were paral-J-eJ- to each other,

oríentated sagittally, and thrown into loops (Wong and Sims,

1987). They could be found on the anterior and posterior

slopes of the ruga.

The branches sloped down from the crest in a wavy manner

and l-inked up with a few large underlying venous-Iike

vessels. The looped capillaries changed to a fl-attened plexus

in the inter-rugral troughs. These underlying venous vesSelS,

50-150um in diameter, were only found in Some of the inter-

ruqal areaS. When present near the epithelíaI surface, they

vfere often not covered by the fine vessels of the trough.

However, there $IaS no ment j-on of the orientation of the

venous vessels.

Oral wasculature of rats

In the palate of the rat, Weekes (1983) found a random

capillary network in the inter-rug:aI troughs, comprising

capillaries B-10um in diameter. The capillary plexus was fl-at

and paralleI to the surface epithelium. There was neither

mention of capillary loops in the inter-rugal troughs' nor

vrere loops illustrated. This capillary plexus was supplied by

arterioles coming up from the deeper connective tissue

perpendicular to the epithelial surface. CapiIlary branches

radiated from the top of each arteríole resembling the spokes

of a wheel.

The capilJ-ary plexus drained into postcapíllary venules

25-30um in diameter, which coalesced to form collectj-ng

venules and drained into the deeper connective tissue.
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However, the orientation of the arterial and venous network

was not mentioned.

On the slopes of the rug:a, the capillary plexus v/as

org'anized into paralIeI ro!,/s running in a sagittal direction,

breaking up into a dísorganized random capillary plexus 200-

250um away from the rugal crest. Unl-ike the inter-rugal

capilJ-ary plexus, the vessels on the slopes of the rugae

" foll-owed a sinuous path with the plane of the curves

perpendicular to the epithelial- surface". Weekes (1983) did

not actually describe any loop arrangement. These sinuous

vessels were draÍned by postcapillary venules which branched

off at right angles into the deeper connective tissues.

On the rugal- crest, there were capillary loops arranged

transversely aJ-ong the ruga to form a vascufar spine. These

capillary loops were hairpin shaped and cfustered together on

the rugal crest. The height and density of the capillary

J-oops was not described nor illustrated. These crestal

capillary loops drained into postcapillary venules that

drained back into the rugal connective tissue, ot into

sinuous capillary vessel-s on the slopes of the ruqae.

Boyer and Neptune (L962) noted that branches of the

inferior afveol-ar artery and the incisal periodontaJ- ligament

network supplied the interradicular and interdental bone, the

periodontal ligament, and pufp of the rat molar teeth. A

similar vascuf ar arrangement \^/as f ound for the hamster

mandíbular mol-ar.

Kindlova and Matena (1962) , in a 1at.ex corrosion cast

study of the rat l-ower mol-ar, described arteries of the

periodontal- Iigament with a palisade formation, running

axially to the neck of the tooth and partly embedded in bone.
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These arteries were connected by capill-aries that supplied

the periodontal tissue. Interproximally, capillary J-oops from

adjacent teeth anastomosed. The sizes of the arteries h/ere

not mentioned.

Veins drained the ligament j-n an axial direction towards

the apex where they formed a plexus. At the peak of the

interradicular septum, they formed a rich network (figure 3).

Gingival- capillaries connected with the capiJ-lary J-oops

of the periodontal l-j-gament at the al-veolar margin by venous

anastomoses. These gingival vesSeIS did not extend below the

contact point of adjacent teeth. The interdental papilla was

claimed to be supplied so1ely by vessels of the periodontal

ligament.

Although anaStomoses do occur between the periodontal

Iigament and gingival network, each forms a Separate System

(Kindlova and Matena, L962) . The network in the coronal part

of the periodontal ligament is characterized by the presence

of "coiled periodontal loops" arising from a "horizontal

circulus" formed by arcades of periodontal ligament vessels

(figrure 3) .

Weekes (1983) , and weekes and Sims (1986a, ]-9B6b)

investigated the rat mol-ar periodontal blood supply with an

SEM study of methyl methacrylate corrosion castS. The

periodontal ligament waS found to contain capillaries and

postcapillary-sized venules arranged occluso-apica1J-y in

tracts of four to six vessels. These vessels coul-d be traced

uninterrupted, from the apex to the gingival plexus. Except

at. the interradicular septum, the ligament vascufature arose

mainly from the deeper gingival vessels.
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These ligament vessels r^rere situated cl-oser to bone than

to the tooth, a finding similarJ-y reported by Nakamura et

ãf. , (1983) . The proximal periodontal ligament (over the

interdental septum) was more dense than the network on the

buccal and lingual wall-s.

Loops were demonstrated in the cerwical third of the

periodontal ligament, and in the apical region (Weekes and

Sims , L986a) . In the apical- region, these loops \^Iere

postcapillary-sized venules 100um in height and 15um in

diameter, and located over the interdental septa. No

expJ-anation was given for the distribution of these loops.

According to Weekes and Sims 1t 98 6a) , art.eriol-es were

not found to course in the periodontal J-igament on the

buccal, 1ínquaÌ or proximal aSpectS. MedulJ-ary arterj-oIes

d.rained into the occluso-apically orientated postcapillary-

sized venules of the periodontal ligament directly, without

passing througrh a capillary bed. However, in the inter-

radicular ligament, communications between the ligament

plexus and the medul-lary network r¡rere predominantly venular

(Weekes , L9B3) .

The interradicular periodontal J-igament was supplied by

terminal- arteriofes from the bone that emerged into or joined

with occluso-apicalJ-y orientated postcapillary-sized venules,

forming a complex vascular plexus of postcapillary-sized

venules.

These postcapillary-sized venules did not run

uninterruptedly all the way from t.he apex to the crest of the

Septum. Instead, they courSed occluso-apically in a series of

repeating segments of 100-400um withÍn the ligament - Venular

loops were also described in the inter-radicular Iiqament,
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but the j-r signif icance was not expÌained (Weekes and Sims,

1986a) .

Weekes (1983) reported vessel-s from adjacent molar

sockets anastomosing over the crest of the ínterdental septa,

thus confirming the findings of Garfunkel and Sciaky (1971) .

The periodontal ligament vessels anastomosed freeJ-y with

vessels in the gingiva and alveolar bone.

Weekes (1983) suggested that the occluso-apical

orientation of ligament vessels helped to maintain the

patency of the blood vessels during functional loading of the

tooth.
In the gingival connective tissue beneath the crevicular

epitheJ-ium, Weekes and Síms (198 6b) described a f lat

capillary plexus extending from the cemento-enamel junction

up to the crest of the free gingival margin. On the buccal-

and lingual aspects of the tooth, twisted vascular loops

comprising mainly postcapillary-sized venules arose from the

midd.Ie third of this plexus. These loops had a capillary

ascending Ìimb which wound around j-tseIf and the

postcapillary venule descending 1imb.

In the interproximal col, these vascul-ar loops exhibited

a more complex vascular arrang:ement, resembJ-ing kidney

glomeruJ-i or intestinal viJ-Ii, and occupied most of the

volume of the coI tissue. In contrast, g'lomeruli r¡Iere found

withín the periodontal Iigament in monkeys (Kindlova' L965),

víde supra: 3.13. Garfunkel and Sciaky (L9'lI), on the other

hand, could not demonstrate glomeruli with their India ink

perfusions.

Weekes and Sims (1986b) found the apical and coronal

extents of the flat plexus demarcated by a circularly
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orientated vessel at each end, \^rith the flat pJ-exus extending

between them. The apical circular wessel- vlas continuous, but

the coronal cj-rcuLar veSSeI exhibited Some discontinuity.

Arterial supply to the flat plexus came from the gingiva

proper, but venous drainage from the pÌexus was directed into

the periodontal ligament plexus aS well aS the deeper

gingival vessels. Connection with the vestibular vasculature

hras not described in detail.

In the interproximal co1 region, the flat network

narrowed to a thin band, occupyingr the l-ower half of the

crevice, adjacent to the epithelial attachment. Arterial

supply to the col region r¡ras from the tissues of the buccal

or J-ingual interdental papillae. However, the orientation of

the coI wasculature was not described.

Weekes (1983) did not find the horizontal inter-

communicating plexus between periodontal ligament vessels and

capíIlary loops in the cervical regj-on described by Kindl-ova

and Matena in L962. The vestibular aspect of the gingiva \^Ias

not described in his studY.

Nakamura et al-. (1983) studied the rat molar vasculature

using light microscopy with col-l-oidal- carbon perfusion, and

using SEM examination of corrosion casts. In the light

microscop€, vessels were seen running parallel to the long-

axis of the tooth. At the root apex, the blood vessels \^Iere

relatively thick and "basket-shaped", and arranged radially.

They suggrested that the apical vessel-s may act as a cushi-on

between the tooth and alveolar bone. Hairpin loops \^Iere

found, but their height, orientation and distribution hlere

not mentioned.
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Sims, Sampson and Fuss (1988) have demonstrated the

presence of qlomeruli ín the germ free rat gingival crevice,

on the buccal-, lingual and proximal aspects of upper and

fower molars. These glomeruli were thought to be the result

of gingival inflammation (Egelberg, 1966; Hock and Nuki, L910

and L9'75), but their presence in the gingiva of germ free

rats l-eads to the conclusion that they are a normal feature

of cl-inical-Iy heaJ-thy gíngivae.

Oral vasculature of dogs

Takahashi et aL. (1985) divided the palatal vasculature

into three layers: the lamina propria, the submucosa, and the

subperiosLeum. They described the presence of a venous plexus

"running: longitudinally" in the submucosa of the hard and

soft palate. This plexus received blood from venul-es of the

overlying lamina propria at regrular intervals, but mainly

under the rugae.

From the rear of the molar teeth region to the soft
palate, they noted large numbers of bicuspid venous valves in

the submucous venous vessel-s of inner diameter of l-00-800um.

The existence of many valves in minute veins in the palate

indicated that they may participate in regulating blood fl-ow

in this area.

Takahashi et aL. (1985) suggested that the venous plexus

acted as a cushion for a mass of food taken into the mouth

and impacted on the palate waI1, since dog mastication

primarily involved hinge motion. It \^Ias postulated that the

venous pJ-exus, toqether with the dense vascular capillary

network of the tunica propria, might play some role in the

l¡
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control- of oral surface temperature, very similar to that of

the tonque in the regulation of peripheral- body t.emperat.ure.

Takahashi et aL. (1985) did not describe the capiJ-Iary

architecture and wascular connections between the palate,

gingiva and periodontal ligrament.

Kishi et aL. (1986a) studied the gingival and mucosal

wasculature of the dog using SEM examination of corrosion

casts. Unfortunately, they did not demonstrate their

micrographs in stereopairs.

Supraperiosteal- arteries crossed the alveolar crest and

divided into two groups. One group ran towards the crevicular

epithetium, the other curved along the vestibular epithelium

of the gingiva, giving off numerous branches to the surface.

CapilJ-ary loops were found on the vestibular surface of

the gingrivar êssentially consisting of hairpin 1oops. The

actual height of the loops and their orientation was not

described. No particul-ar orientation h¡as evident in their

illustrations. Furthermore, the sites from which their

illustrations \^/ere taken were not revealed.

Loops \^rere f ound extending f rom the gingiwal margin to

the muco-gingival junction. The loops became shorter and the

space between the two limbs of a loop became narrower towards

the muco-gingival junction (Kishi et ãf., 1986a). Venules 45-

55um in diameter and arterioles 15-20um in diameter \^fere

found running parallel to each other beneath the capillary

network. However, their orientation was not described.

The capillary network in the alveolar mucosa r¡ras denser

in arrangement and different from that of the gingiva.

Capillary loops were also present in the alveolar mucosa, but

they were extremely low in height and few in number. The
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capillary network formed a pattern of continuous wave-like

juxtaposed layers, runníng mesio-distally. However, they did

not mention which regrion of the mouth t.hey examined, ot

whether it was from the upper or lower jat.

Nobuto et al-. (1987) studied the microvasculature of dog

gingiva, usíng histological sections and SEM examinatj-on of

corrosion casts. The blood vessels in normal mucosa v/ere

arrangred in two layers a supraperiosteal- plexus and an

overJ-ying subpapillary plexus.

Anastomoses were found between the supraperiosteal

plexus and the medullary vessels via Volkmann canafs. At the

alveol-ar crest, the supraperiosteal plexus communicated with

the periodontal ligament plexus. Hairpin capí1J-ary loops

arose f rom the subpapilJ-ary plexus to extend Ínto t.he

connective tissue papiIIae.

Loops in the attached and free gingiva were about the

same height, but at the muco-gingival junction, loops in the

alweolar mucosa suddenly became shorter, dispJ-aying a flat

net-like arrangement. However, they did not describe the

orientation of the capillary loops or the capillary network

in the alveolar mucosa.

At the gringival margin of clinically healthy ginqivae,

Egelberg (1,966) found a crevicular plexus of blood vessels 7-

40um in diameter lying close to the crevicular epithelium on

the buccal, linguaÌ and proximal aspects. Capillary loops,

found elsewhere in the oral- epithelium, were not found under

the crevícular epithelium in the crevicul-ar plexus, except. at

the very marginal part. The vessels of the crevicular plexus

were not classified by Egelbergr, but were found to be mainly

of the venular type.
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However, the specimens injected with carbon-gelatín

mixture were examined in thin sections (Iess than 300um) and

did not provide the depth with which to evaluate the three-

d.imensional branching of the vasculature, with instruments

awailable at that time.

Using the SEM corrosion cast technique in a study of dog

periodontal ligament, Kishi and Takahashi (1971) reported the

presence of a bilaminar arrangement of blood vessel-s from the

apical to the cervical region. There hlere numerous arterio-

venous, arterio-arterio and venous-venous anastomoses in the

apical third. There was a fence-Iike network running'

longritudinally close to the tooth and another Ìayer closer to

the bone consisting of arterioles and venules passing to and

from the periodontal- Iigament. This vascular bilayer has also

been described by Castel-Ii and Dempster (1965) in macaques

and Garfunkel and Sciaky (L911') in rats.

Ora]- vasculature of other animals

The period.ontal vasculature of other animal-s such as

rabbits, opossums, hamsters, guinea pigs and cats has also

been studied (Boyer and Neptune, 1962; Carranza et âf., L966;

Cohen, 1960) .

The gingivae of rats, mice, hamsters, quinea pigs, cats

and dogs derived their bl-ood supply mainly from mucosaf blood

vessel-s. Gingival vascular J-oops vrere arranged circumferen-

tiaIly around the tooth, closely applied to the epitfrelial

cuff (Carranza et âf., 1966) . The periodontal ligament plexus

had a greneral occl-uso-apical orientation and \^Ias located

closer to bone than to cementum.
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IÍ,ATERIATS A}TD METHODS

Eight healthy adult femal-e cotton ear marmosets

(CafLíthrix jacchus, also call-ed Hapale jacchus) were used in

this study. Marmosets are New World primates or platyrrhine

(broad-nosed) monkeys belonging to the suborder Anthropoidea,

infraorder Platyrrhinj, superfamily Ceboidea and family

Cal-l-íthricidae (Hapal-idae) (HiIl- , L95'7; James 1960) .

The g:ross anatomy of the common marmoset has been

extensively described by Beattie (1927) . In the permanent

dentition, all the incisors, canines and premolars are

single-rooted, the mandibular molars two-root.ed and the

maxill-ary molars three-rooted (Shaw and Auskaps, 1954).

The marmosets v/ere divided into 2 groups :

Younq adults aged about 16 months

Old adul-ts aged from 4 to 7 years

The animals were perfused with Mercox resin and the

vascul-ar casts examined with the SEM to study the

vascul-ature. The SEM images ttere recorded in stereopair.

The vascular architecture in the palate, gingiva and

periodontal Iígament were examined and the resul-ts in youngr

and old animals r¡rere compared.

Choice of animal model

The impracticality of making in-depth studies of fresh

periodontal tíssue in man stimulated the search for a

suitable experimental analogue that reacts to environmental

factors in a way similar to man (Levy et âf., I912a) .

Levy et aL. (I912a) state that. the marmoset has a dental

apparatus simil-ar to that of man. It is omnivorous and
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subsists J-argely on a diet of fruit, tender vegetation,

seeds, seed pods, insects, bird eggs and nestlings.

Postmortem studies on the marmoset temporomandibul-ar

joint (WiIson and Gardner, 1,982) indicate that mandibular

mowements occur in both synovial- cavities of the joint. As in

man, hinge movements occur in the Iower loint cavity and

stiding movements occur in the upper joint cavíty.

According to Levy et al-. (1,912a) , the marmoset gingiva

is simíl-ar in structure to the human and consists of free and

attached gingiva, with a free gingival- groove in-between. The

gingival epithelium contains prominent rete pegs. Mice, rats

and hamsters have dentitions quíte dífferent from that of man

and do not develop spontaneous periodontal disease.

Marmosets, however, show a hig|h prevalence of spontaneous

periodontal disease.

Levy eù aL. (L972a) state that the natural- history of

perÍodontal disease in marmosets is sÍmil-ar to that

postulated for man. Bacterial plaque and cal-cul-us form on the

teeth just as they do in man. The gingivae of marmosets

exhibit comparable reactions to injury as in man. Chronic

destructive periodontitis in the marmoset is similar to that

in man. Furthermore, the age changes in marmoset periodontal

tissues are simil-ar to those in man (Levy et âf ., 1970) .

The marmosets attain physical- maturity at L2-L8 months

and weigh between 2509 to 5009 at maturity. They have an

estimated lifespan in captivíty of l-5 years (Levy et âf . ,

I972a) .

The smal-l size, awail-abi1ity, ease of breeding and

handling are a distinct advantage. The disadvantage is the

high cost of each animal.
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Care of animals

The teeth of the animals were initially scaled and

brushed under surgical anaesthesia (Saffan) . They were

cleaned with a toothbrush and 0.2% chlorhexidine digluconate

was applied thrice weekly for a period of three months to

maintain gingival health. However, the gingival conditions in

the older animals did not improve. The cleaning regime hras

then abandoned about a month before sacrifice.
All- the animals were fed specially prepared marmoset

diet and housed in simil-ar conditions.

Anaesthesia

After weighing, the animal was injected with Saffan

intramuscularly (alphaxal-one alphadolone acetate, 19.5 mg/kg

body weight) into the thigh quadriceps muscle (Phillips and

Grist, 1975). Some animal-s took longer than others to become

anaesthetized. Anaesthesia was tested by touching the cornea

of the eye.

DissecÈion

The technique for wascular casting has been described by

Tompsett (I970) , Gannon (L978) , Hodde and Nowell (1980), and

Lametschwandtner et âf., (1984).

After the animal r^/as anaesthetized, the femoral- vein was

exposed by dissection and 40 i.u. of heparin were given

through a femoral vein to prevent blood cJ.otting.

The neck was dissected and the left and right common

carotid arteries i-dentified. A 2cm section of each wessel
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was cleared of fascj-a and fat. Black sil-k suture was toosely

J-ooped at the caudal and rostral ends.

An incomplete oblique cut r^ias made in the vessel- and the

vessel was cannulated in a rostral direction. The cannula

from t.he aspirating bottle had about 60 rnm/Hg above

atmospheric pressure to prevent backfl-ow of blood into the

cannula. The cannul-a was then secured tightly rostralJ-y and

caudally to the vessel-.

The tubing was then clamped with haemostats. This \^ias

repeated for the other conìmon carotid artery.
A horizontal incision was made in the abdomen just below

the xiphoid cartiJ-age. The diaphragm was dissected from the

rib cage and the rib cage was cut with coarse scissors in the

midaxial line up to the axill-a on both sides. The rib cage

'h¡as then ref l-ected upwards and held there by haemostats.

The i-nferior vena cava was identified. Fascia was

dissected aüray along a 2cm section and black sitk suture

loosely looped under at the rostral and caudal ends. An

incomplete oblique cut was made and the vessel was

cannul-ated. The cannula ü/as secured by black silk suture tied
rostrally and caudally. This cannula al-lowed egress of blood

to be carefully observed.

The fascia and fat around the heart h¡ere cl-eared away

and a b]ack sil-k suture was tied around the aorta and

puÌmonary arteries at the base of the heart. This prevented

flow of any perfusate to the pulmonary and general-

circulation.
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PERFUS ION ¡\PP.ARJATUS

The equipment used for bl-ood washout and subsequent

resin castíng was a modification of that used by Gannon

(197 B ) . It \^ras essential-ly a controll-ed pressure unit

comprising a one-litre aspiration bottle with a spout at the

bottom (fígure 4) .

E'igure 4. The perfusion apparatus.

magnetic stirrer and heater

spout with 1BG needle attached

aspirat.íng bottle

mercury manometer

air pressure regulator

tubing

three-way st.opcock

2Oml syringe

t_

2

3

4

5

6

7

B

-JF
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The aspirating bottl-e could be pressurized at. any IeveI

from 0 to 300 mm/Hg, using the air pressure regulator. The

mercury manometer measured the pressure in the bott.le.

The three-way stopcock couLd be cl-osed when it was not

required to perfuse from the aspirating bottle. The spout was

connected to an 1BG needle hub. The needle shaft r4/as inserted

into the beginning of a series of tubing of reducing

diameter, which bifurcated to give two cannulae at the ends

for the Ieft and right conmon carotid arteries. The 1BG

needle hub coul-d be removed from the spout and a 20mI syringe

of resin or fixative could be attached to the 18G needle and

the rest of the tubing.

Vfashout solutÍon

300m1 of blood washout solution was freshly prepared for

each animal-. The composition of one litre of washout sol-ut j-on

h/as as follows:

Doubl-e-dist i l- Ied water

Sodi-um chloride
PVP- 4 O

Sodium nitrite

Papawerine HCI (L20 mgl10m1)

Heparin (1000 i.u./I m1)

r_.00

9.00

58 .'t4

0.07

0 .10

5.00

l-itre
g.

q.

g.

ml .

mI.

Polyvinylpyrrolidone (PVP-40) provided a bl-ood col-l-oidal-

osmotic pressure of 25 mm/Hg. Sodium nitrite and papaverine

serwed as vasodilators (Gannon, I9781 . Heparin was used as

an anticoagulant. It prevents clot and thrombus formation,

which will resuft in incomplete castinq.
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The prepared sol-ution was filtered througrh a 0.22um

Membra-Fil filter, to remove minute particles which may clog

up the fine vessels. The sol-ution was then heated in a

magnetic stirrer to a temperature of 37-4OoC.

Replicating medium

Mercox resin (Hodde et â7., 1-971 ) was prepared by mixing

20.0m1 of polymethyl methacrylate Mercox resin with 0.59 of

catalyst paste.

The resin has a viscosity of about 36 centistokes,

measured with a modified Ostwald's viscometer. It sets

quickly under pressure and in the absence of oxygen. There is

shrinkagre upon poJ-ymerization and the surface remains sticky.

Perfusion Procedure

After the animal had been cannulated, the pressure in

the aspiratingr bottle \^/as brought up to 240 mm/Hg. The clamps

on the tubing were released and the washout solution lrtas

perfused through the animal-. The site of cannul-ation was then

checked for leakage.

Pressure \^Ias maintained at 360 mm/gg while blood drained

out of the inferior vena cava. After a few mi-nutes of

perfusion, the egress became cl-ear. Washout was continued

for about 10 minutes ensuring that the cephalíc wascuÌar

system and oral tissues were cleared of blood. Cl-otted and

uncleared bÌood remaining in the vasculature will give rise

to incomplete filJ-ing and resul-t in incomplete casts. The

tonque and gingivae turned pale when the blood \^i as washed

out.
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A 2Oml syringe/ containing 1? glutaraldehyde fixative
prepared in 0.1M phosphate buffer, vÍas inserted into the

three-way stopcock. Care was taken to avoid the introduction

of air bubbles into the tubing as this woul-d bl-ock the

microvessefs and result. in incomplete filling. The tap hras

turned off to the aspirating bottle but open for the syringe.

Using hand pressure, f ixative hras perfused through t.he

animal. The animal went into spasm and the eyes turned yellow

when f ixative r¡/as perfused. The animal- was then perfused

another 10 minutes with the washout solution.
Meanwhile, the replicating resin was míxed and sucked

into a 2Oml- syringe. The spout of the aspirating bottle was

removed from the 1BG needle hub, and the 20m1 syringe was

connected to the 1BG needle hub, taking care that no air
bubbles r¡rere introduced in the transfer. The resin was

perfused through the animal with hand pressure. Before the

syringe was emptied, the inferior vena cava outlet and the

common carotid inlets were clamped to keep the casting medium

in the head and maintain the pressure in the system.

After perfusion, the anj-mal v¡as removed and placed in a

warm bath at 50"C for one day to ensure complete

polymerization of the resin and prevent dessication and

shrinkage of the specimen (Lametschwandtner et âf., 1984).

Al-so, immersion softens the tíssues and makes tissue

macerati-on easier.

Tissue corrosion

When

beheaded.

placed in

the cast had completely polymerized, the anímal-

The mandibl-e and maxill-ae were dissected out

l-0å hydrochl-oric acid (HCI) . The acid sofution

was

and

\^/a S
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changed daily for 3-4 days to decalcify the hard tissues. The

specimens \^/ere then rinsed in distill-ed water for 15 minutes,

then placed in the f reezer for at l-east 4 hours.

Excess tissue vlas trimmed away from the frozen specimen

and the j aws sectioned sagittal-ly across the midl-ine and

coronally across a premolar socket with sharp safety razor

blades. The specimens were then placed in fresh L0å potassium

hydroxide (KOH) solution in a 37oC oven f or 24 hor:rs to

macerate the soft tissues.

The spec j-mens were rinsed daily with warm distilled

water and replaced in fresh l-0% KOH for another day.

Alternate soaking ín KOH and rinsing in tap water was found

useful for maceration (Hodde et âf., L911). The process was

repeated and could take 2 weeks to 3 months to be compJ-eted.

Cleaned casts were then rinsed in double-distilled

water. After rinsingr, a few drops of detergent \^Iere added to

the water and the specimens were air dried on filter paper in

a cl-osed container to prevent dust contamination. The

detergent served to reduce the surface tension of water so

that the casts did not become distorted by surface tension

during the dryíng process.

Cleaned and dried specimens v¡ere observed under the

stereo dissecting microscope for their morphology,

cleanl-iness and completeness. The gross anatomy of the

vascular interconnections was noted. Knowledge of the anatomy

at light microscope l-evel facilitated the interpretation of

the microcorrosion casts in the SEM (Gannon , I9'7 B) . It. also

al-lowed a quick orientation of the specimen in the SEM to

l-ocate the area of interest.



Sectioning

Some of the sockets were

coronally, to get the different

ligament. The cl-eaned casts \^Iere

and sectioned again with razor

through the ice. The ice helped

toqether during sectioning.
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sectioned sagittaJ-1y, others

aspects of the periodontal

embedded in bl-ocks of ice

blades by carefully sawing

to hold the del-icate casts

Mountingr of sectioned casts

Cl-ean, dry casts \^rere mounted on 1cm diameter aluminium

SEM stubs using double-sided tape and secured with SiIver Dag

conductive paint. Care must be taken with the Sil-ver Dag as

it tends to spread over the cast and may cover the area of

interest. The orientation of the casts on the SEM stubs was

important for subsequent coating and SEM viewíng.

The purpose of mounting was to form a stable base for

SEM examination and also to qround the casting to discharge

electrons when it was bombarded in the SEM. Thís prevented

charging of the speci-men during examination (Lametschwandtner

et âf., 1984) .

R.endering the casts conductive

The Mercox casts are non-conductive for electrons. For

SEM examination, they must be coated with a conductive layer

which

a) facilitates the primary el-ectrons grounding and thus

prevents charge build-up on the specimen, and

b) gives off secondary electrons to produce a good image.
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Osmification of specimens

The dry vascular casts were treated with vapourized

osmium as suqgested by Murakami et al-. (I9'13) , to ensure

compJ-ete conductivity of the casts and to obtain well-

contrasted imaqes in the SEM.

Specimen stubs v/ere placed on a glass rack and their

positions noted. An ampoule of osmium tetroxide was broken in

a sealed gJ-ass jar in t.he fume cupboard. The rack with

specimens was placed in the jar for 48-12 hours. The rack was

then transferred to another open jar to aÌl-ow the osmium

tetroxide to subl-imate for an hour.

Specimen coating

The casts were coated wíth vapourized carbon and

gol-d/palladium al1oy intermittently for a total of 6 minutes

to avoid overheating and dlstortion of the casts (Hodde and

Nowe]l, 1980). The specimen mount \^ras tilted at different

angles to ensure even coating of the surfaces. This coating

increased the electrical and thermal conductivity of the cast

and prevented charge build-up during examination in the SEM.

SEM examination and recordinçr

The specimens were examÍned with a Philips SEM 505 or an

ETEC Autoscan SEM at 2.5- 10kV accelerating voltaqes and

working distances of 1,2-30mm. Accelerating voltages r¡rere kept

low to minimize charging and thermal damage, so that

deformation of the casts was mínimized (Lametschwandtner et

âf ., 1984) . The final condenser aperture r¡Ias 20um.

Stereopair micrographs \^Iere taken at a 6" angle of tilt

to provide stereopair three-dimensional images of the
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microvascular replica. The technique for taking stereopair

micrographs has been described by Boyde (1-973), Howell

(L9'75) , Low et aL. (1981) , and Wergin and Pawley (1980) . The

micrographs were taken on the photographic equipment attached

to the SEM, using flford FP4 l2Omm black and white film.

Magnífications of the specimen hrere recorded on the film.

Photomontages ur"i" taken to demonstrate vascular routes and

to give a total view of any area of interest.

Developing and Printing

The f il-ms were developed using Ilf ord Microphen

Developer and flford Hypam Rapid Fixer, following the

manufacturer's instructions, in a Patterson developíng tank.

The negatives \^rere printed on 10cm X 1-2cm llfospeed grade 3

glossy paper using a Durst Laborator 54 enJ-arger.

The prints were developed in Tlfospeed paper developer

and fixed in Ilford Hypam Rapid Fixer according to the

manufacturer's instructions. The prints were dried in an air

dryer (ModeI RCD-33, FC Manuf act.uring Co . Ltd. , Osaka, Japan)

and stored in paper enveJ-opes.

Examination of photomicrographs

AII photomicrographs were examined in pairs using a

Stereo Aids viewer (Rd. No . 10 .4 B5 ) . This enabled all j-mages

to be wísualized in three dimensions. More information can be

obtained from these stereopair images than from similar

material viewed singly at higher magnification. rn examining

the photomicrographs, the magnification factor shoul-d be

ignored as the prints have been enJ-arged. The scale bar,

howewerr câFr give a fair approximation of the magnification
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bar is also enJ-arged as the photomicrograph isas the scale

printed.
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FTNDINGS

Findings relating to the gingival and perJ-odontaJ-

J-igament (PDL) vasculature \^rere deriwed from the maxiJ-Iary

and mandibular premolar and molar casts of al-l- the animal-s.

However, descriptions of the palatal wascufature were derived

from the four young animals as the palatal subepithel-iaI

plexus in the ol-der animals r^Íere incompletely cast.

The vascul-ar architecture differed from region to region

in the oral cavity. Generally, there was bil-ateral- symmetry,

with the Left side being a mirror-image of the right. The

periodontal vasculature of the three premolars in each

quadrant was basically sirnil-ar. There was al-so a basic

pattern of gingival-periodontal anastomosis in the gingiva of

all the premolar and molar teeth. Examination of the casts

from the experimental- animals, âS well as teeth from one dry

macerated skull-, revealed that the uPper third premolar v¡as

two-rooted.

The relationship of a vessel to other structures such as

the root surface, alveolus or epitheÌium, were deduced from

gross anatomic features and existing knowledge of the anatomy

of the region.

The vasculature in each region wiLl- be described

separately. The micrographs are íl-lustrated in the l-atter

part of this section, from pages 5.18 to 5.51.

RECOGNITION OF \ZESSELS

Endothel-ial imprínt patterns were visible in the SEM on

the surfaces of vascul-ar casts of diameters largrer than B-

L0um. Arterioles and venules coul-d be distinguished on the

basis of this imprint pattern (Hodde, 1981), in conjunction
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\^/ith other criteria. Arteriol-es tended to be round in cross-

section, had fewer branches, obJ-onq endothel-ial cell outline

and ovoidal nuclei orientated Iongitudinally. Venules \i,/ere

more oval in cross-section, received many tributaries at

acute angles, had circular nuclei imprint.s and irreguJ-ar

endothelial outline (5. 41 /fí9. 37) .

Capillaries had small internal- diameters and did not

have any endothelial imprints. The surfaces of the capillary

casts were usually smooth (5.47/fig. 37).

PÀI,ÀTAT VASCUI,ATURE

The rug'ae extended lateralJ-y in the hard palate from the

midlíne to each lateral incisor, canine, premolar and mol-ar

(5.18/fig. B, 5.19/fLq. 9). They formed a gradual curve which

was convex anteriorly, each ruqa forming a curve of a smalfer

arc from the incisor to the moÌar reqion. The bilateral-ly

symmetrical rugae diwided the palatal surface into a series

of crests and troughs, ending at the last molar (5.19/fig.

e).

The ent j-re hard palate rras covered by a subepithel-iaL

capilTary network of vessels 6-10 um in diamet.er, orientated

in a general sagittaJ- direction (5 .20 / f ig. 10) . This sub-

epithelial- network consisted of a flat subpapilTary pTexus,

from which papí7Lary foops projected perpendicuJ-arIy into the

connective tissue papillae (5.2I/fig. 11) . Short obliquely

running vessels connected adjacent sagittally directed

vessels of the subpapillary plexus in the inter-rugal troughs

and on the rugae. No lateral connection could be found

between adjacent papí11ary Ioops, except at the subpapillary

leveI (5 .22 / f tq . L2) .

2
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The papillary loops were capillaries 8-10 um in diameter

and 70-250 um in height (5.22/fig. 1-2), each loop making a

hairpin bend at its peak (5.23/fig. 13). These loops also

displayed a sagittal orientat.ion on the rugae, which became

Iess definite on the lateral part of the palate near the

tooth sockets (5 .20 / fig. 10) . The tips of the loops hrere

sometimes bent (5.22/fig. 12).

On the rugal crests, the papillary loops were al-so

aligned transversely along the rugae to form a well-

delineated spine (5 .20 / f ig. 10) . Each crestal loop \^ras

discrete and not interconnected to adjacent loops at their
peaks (5.23/fig. 13). The loops on the rugae had a diameter

of about 8-10 um and ranged from l-50 to 250 um in height

(5.23/fig. l-3) . Loops in these rugal crests were longer than

those in the j-nter-ruga1 troughs, âs well as raised

topographically (5 .20 / f ig. l-0) . Some of the rugal papillary

Ioops showed localized constrictions, giving a linked-sausage

appearance (5 .23 / f ig. 13) . The loops on the rugae trere seen

to twist upon themselwes as they ascended and descended, and

ran a slight wavy course.

The l-ateral- extent of the palatal- vasculature was

demarcated by semi-circul-ar rings of palatal gingival loops

conforming to the contour of the palatal gingiva (Figure 5).
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col ìooPs
rugaì 'l ooPs

crevi cul ar I ooPs

vestibuìar
gingivaì ìoops paìataì gingivaì ìooPs

Figure 5: Diagrarn of gingival loop arrangenent. The

pal-ataI and vestibul-ar loops of the marginal gingivaer êS

wel-I as loops in the col area, r¡rere separated from the

crevicular loops by a gap. The palataÌ and vestibular loops

connected across the interdental col.

The semi-ci-rcular rings of palatal gingival loops were

separated from the crevicular loops located on the crevicular

aspect of the gingiva (5.19/fig. 9), by a gap (5.21/fig. I7),

víde infra: 5.10. However, there were anastomoses between the

crevj-cular loops and the palatal gingival loops at a deeper

level (vide infra: 5.10).

At the Iat.eral extensions of the palate, the palataJ-

gingival loops may drain into the crevicul-ar gingival vessels

on the gingiva. Both palatal and crevicular gingival loops

PM3
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may be supplj-ed by arterioles from the supracrestal deep

gingival network (5.34/fí9.24). See figure 6:5.9.

The rugal crest showed the highest density of Ìoops,

with about 200-210 hairpin j-oops per mm2 (5.20 / f íg. 10) . The

anterior and posterior slopes of the rugae were equally dense

with fewer loops (75-160 per mm2) . The trough area r¡/as also

l-ess dense than the crestal- area (70-140 Ioops per mm2) , and

the loops were shorter, ranging from 70-100um in height

(s.22/fiq. 12).

In both the rugal and inter-ruqal areas, the

subpapillary pJ-exus formed a canopy which spread over and

drained into another network of larger venous vessels

(5.2L/ f iq. 11) . Superf icialJ-y placed subpapillary capillaries

6-8um in diameter drained into what appeared to be an

intermediate Iayer of postcapilJ-ary-sized venules, 10-15um in

diameter, which drained into larger col-Iecting-sized venules,

30-40um in diameter, ât a deeper lewel (5.27/fig. 11) .

Neither the intermediate, the deep venous network t ot the

arterioles showed any definite sagittal orientation.

fn the trough area, coll-ectíng-sized venules may

coalesce with one another, forming a confl-uence of two to

f our venules . Fig. 1l- ill-ustrates an extreme example of a

confl-uence of many vessef s.

Arterioles were rel-atively scarce in the palatal

network. Arterioles tended to lie at a deeper l-evel than

venules of corresponding size, and they branched Iess often.

The nasopalatine foramina (5 . l-8 / f Lg. B ) opened bilat-

eral-Iy behind the central íncisor sockets, medíal- to the

lateral incisor sockets. They r¡/ere triangular in outline and

Iined by a capitlary network, with short hairpin J-oops in
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some parts, projecting into the lumen of the nasopalatine

canal (5 .24 / f :-g. 14 ) . It r¡ras inferred that epithelial tissue

pro jected f rom the paJ-atal surface into the l-umen of the

nasopalatine canal.

Distal to the last molar and in the soft palate, the

subepithelial capillary network was less dense and l-ost its

sagittal oríentation (5.25/ f í9. l-5) . In this area, it I¡/as

easier to look through the loose capillary network at the

underlying venous network. The venous and arterial network

also did not show any definite orientation. No rugae were

found in the soft palate and perpendicularly projecting

papillary loops were uncommon (5.25/fí9. 15).

Numerous ring formations consisting of capill-aries B-

10um in diameter could be seen in the soft palate,

surrounding what appeared to be secretory ducts of the minor

salivary grlands (5.25/fig. 15, 5.26/f í9. 16) . These ring

formations had a diameter of 80-200um. The capill-aries

drained into deeper postcapillary-sÍzed venules 23-2'7um in

diameter, and also anastomosed with vessels of the

subepithelial capillary plexus. Arterial supply \¡ras derived

from terminal- arterioles of about 10um in diameter. The

capil-Iaries did not show imprint patterns on their surface

and it was difficult to ascertain the direction of bl-ood flow

in these ring formations.

At a l-eve1 corresponding to the distal surface of the

second molars, the density of these rings was L0-20 rings per

Rfr2, with higher density medialJ-y than laterally (5 .25 / f.ig .

15 ) . These rings \¡rere not found further anteriorly in the

hard palate, nor were they found in the gingiva.
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GINGIVAI \/ASCUT,ATURE

There were significant differences between the vascular

architecture of the buccal/J-ingual gingiva and that of the

coI tissue. Furthermore, the vasculature beneath the

crevicular epithelium r¡ras different from that under the oral

gingival epithelium. The vasculature related to the

crevicular epitheJ-ium, oraf gingival epithelium and

interdental coI will be discussed separately.

Crewicular vasculature

Adjacent to the junctional epithelium in both upper and

lower premolar and molar teeth, was a circul-ar pJ.exus of

vessels forminq a ring that. completely surrounded the tooth

(5.27/fig. I'7). CrevicuJ-ar loops arose coronal- to the circul-

ar plexus, and extended into the connective tissue papillae.

The crevicular loops and the circular plexus together

comprised the crevicul-ar pÌexus.

The circular plexus was locat.ed at a level corresponding

to the epithelial attachment. This plexus consisted of a

circufar band of one to four vessels, 10-25um in diameter,

runningr roughly parallel to each other and encircling the

tooth (5.27/fig. 11, 5.28/fig. 18).

Each circufar ¡zesseL showed localized dilations along

its path, separated by periodic annular constrictions, giving

rise to a knotted appearance (5 .28 / f iq. 18 ) . Each cj-rcular

vessel communicated with the adjacent circular vessel through

short communicating links. The circul-ar vessel had no

distj-nct imprint patterns and had a diameter of 6-30um (fig.

18) . It was difficult to estimate the direction of blood fl-ow

in most parts of the ci-rcular pÌexus, except where crevicular



5.8

J-oops arose and drained into it, and where periodontal

J-igament vessels anastomosed with it.

The circular plexus received blood mainJ-y from the

crevicul-ar loops, but al-so from gingival loops on the

oral/proximal aspect, and from the periodontal ligament

(5.29/fí9. 19, 5.30/fí9. 20). Blood from the circular plexus

drained into the periodontal ligament (5.30/fig. 20)

Arteriol-es from the periodontal ligament often by-passed

the circular plexus to supply the crevicular loops (5.29/fig.

l-9) . Capillaries, 8-10um in diameter, also arose from the

circul-ar plexus at the base of the gingival crevice, forming

crevicuLar Toops which ran back into the circular plexus as

thickened and dílated postcapillary-sized venules, 10-30um in

diameter (5.28/fig. 18, 5.29/fig. 19). The loops varied from

50-250um in height. Some crevicular loops arose from deeper

glngival- or palatal vessels instead (5.34 /fig. 24) . These

deeper gingiwal vessels may have arisen from the alveolar

crest (figure 6z 5.9).

There was considerable variation in the crevicul-ar loop

pattern, ranqing from hairpin l-oopS to complex convoluted

loops with multiple branching (5.31/fig. 2I). In the upper

and lower canines and incisors, these complex Ioops formed

bulb-shaped structures resembJ-ing renal glomeruli (S .32/fLg.

22) . These teeth were not studied in detail and will not be

reported in this thesis.

Crevicufar J-oops arranged themsefves in a ring around

the tooth in single (5 .21 / f ig - ]-1) or mul-tiple rows

(5 .33 / f iq. 23) . These Ioops coul-d be found on the mesial,

distal-, Iingual and buccal aspects of the teeth. Each

crevicul-ar J-oop consisted of one or two thin capillary
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ascending Iirnbs and one or two thicker postcapillary-sized

venule descending limbs (5.28/frg. 18) . One ascendj-ng limb

may branch to supply two loops, and two descending limbs from

adjacent loops may coalesce into a common trunk as they

descended. The descending limbs had a knotted appearance and

a more variabÌe diameter.

The arrangrement suggested that blood from the descending

l-imb coul-d drain into the circuf ar pJ-exus, into the

periodontal ligament (5 .29 / fig . 19) , or into the deep

gingiwal vessels. The deep gingival vessel-s, located above

t.he alveolar crest, also received blood from the palatal

vessel-s on the palatal aspects of upper teeth. These deep

gingivat vessels drained into the periodontaJ- ligament, the

al-veolar boner or into the pal-atal network (figure 6) .

enamel

palatal gingival IooP

crev i cul ar I oop

junctional ePitheììum
palatal gìngìvaì ePithel ium

ci rcul ar pl exus

supracrestaì deeP
gingìval network

cementum o\
ô

\
A,0

:
(

o

¿

e 0.
.//
r/

oooD.'
o

.ÒÐuB
alveolar bonePDL

Figure 6z

wasculature of

Diagram showing presumptive blood flow in the

the palatal gingiwa.
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Sometimes, a mass of extravasated mat.erial could be seen

associated with the crevicular Ìoops (5.35 / fig. 25) . The

extravasated resin showed a delicate honeycomb pattern with

small spaces between streaks of material l--2um in diameter.

These streaks did not have any imprint patterns on their
surfaces.

OraI qingiwal vasculaÈure

A distinct gap was obserwed between the vasculature on

the crevicular aspect and on the oral aspect (5.19/fiq. 9,

5.2-Ì /frg. 1'7, 5.3a/fí9. 24).

Below the gingrival margin in upper premolar and molar

teeth, the loops on the pal-atal aspect of the palatal gingiva

were aligned and followed the palatal contour of the teeth,

forming semi-cj-rcular rings (5.19/ fig. 9, 5.4/ fig. 5) , vide

supra: 5.3. Crevicular loops bel-ow the crevicular epithelium

of the palatal gingiva formed a separate network.

The oral gingival 1oops, often longier than the

crewicular loops, ringed the tooth sockets to form a crest,

corresponding to the glngival margin. More often, these

crestal vessels were composed of capillary loops. However, in

the lower premolar and molar sockets, these loops were often

replaced by a continuous capillary network/ surmounted by a

horizontal capiJ-lary (5 .36/ f ig. 26, 5 . 37 / f í9. 21) . This

horizontal capillary ran a v¡avy course, joíning the most

occlusal- arcades of adjacent capillary 1oops.

Despite the existence of a gap between the crevj-cular

and oral/proximal- vasculature, there üiere anastomoses between

them at a deeper level- (5.34 / fig. 24, 5. 38/ frg. 28) . Blood

from the gingival margrin could drain outwards into the oraf
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gingival network, or inwards into the crevicul-ar plexus and

into the periodontal J-igament pJ-exus (figure 6: 5.9) .

It \^ras difficult to ascertain the rel-ative l-ocation of

the free gingiwal groove and the muco-gingival junction from

the casts. However, the location of the muco-gíngival

junction vras inferred from the change in orientation and

architecture of the capillary network, and measurement of the

distance from the gingival margin.

The vasculature below the g j-ngival- margin had a

horizontal orientation, conforming to the contour of the

gingival margin (5.40 / t|g. 30) . Further apicalIy, the

vascufature was composed of occluso-apically orientated

capillaries, thrown into a series of occluso-apicalIy

orientated hairpin loops as they drained towards the

vestibular sulcus (5.39/fig. 29, 5.40 /fig. 30) . Further from

the gingival margin, there were onJ-y a few transwerse

branches linkingr up adjacent occluso-apica1ly runnj-ngr

capil-l-aries.

The papillary loops r¡Iere Ionger (60-120um in height)

near the gingival margin (5.41/fig. 31), compared to those

near the muco-gj-ngival- junction (40-60 um in height) . These

loops were mainly hairpin capillary loops with limbs further

apart. They did not exhíbit constrictions, in contrast to

some rugal crest loops. The density of the loops r¡Ias highest

near the gingival margin, and reduced towards the muco-

gingíva] junction (5.39/ fig. 29) .

At the muco-gingival junction, the orientation suddenly

changed into an antero-posterior orientation (5.39/fiq. 29).

The most occlusally placed of the antero-posteriorly

ori-entated vessels received tributaries on its occlusal-
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aspect from the occluso-apically directed capillaries. Loops

were not f ound in the al-veolar mucosa. Instead, capil-Iaries

appeared to be arranged in wÍde arcades.

The capillary network over the gingiva and al-veolar

mucosa lay over a deeper venous network comprising

postcapillary-sized venules (5.39 / fí9. 29) . These venules

ranged from 10-30um in diameter and were al-so orientated

occluso-apically. As they drained towards the vestibul-ar

sulcus, they enlarged or coalesced into larger collecting-

sized venules and muscular venules 30-50um and 50-1-00um in

diameter, respectively, also orientated occluso-apicalIy

(5.40/fLq. 30).

Art.eriol-es were al-so f ound in the deeper underlying

network but were less numerous. Arterioles 50-100um in

diameter arose from the sulcus and tapered off into terminal

arterioles less than 50um in diameter as they ascended

occlusally towards the gingiwal margin.

The buccal- interdental- papillae also exhibited the same

occluso-apical orientation of capillaries, venules and

arterioles. It could not be determined whether the

interdental papilla was more vascular than the gingiva along

the tooth axis.

The interdental coI

The col- connective tissue vasculature could be described

as being characterized by capillary loops with a general

bucco-lingua1 orientation (5.42/fiq. 32). These loops arose

from bucco-l-inguatly orj-entated arterioles arising from the

palatal vasculature, the interdental septa, the buccal

gingiva, and from the adjacent periodontaJ- Iigament. Bl-ood
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from the loops drained into a bucco-lingually orientated

network.

The circular plexus and the associated crevicular loops

continued into the interdental- papilla and into the

interdental col. Vestibular and palatal gingival J-oops from

the buccal and lingual interdental- papill-ae extended into the

col and anastomosed with each other at a subpapillary level

(figure 5: 5.4) .

Complex branching loops were abundant in some areas

(5.43/fí9. 33), but simple hairpin loops were more commonly

found in other areas (5 .42/ fig. 32) . It could not be

determined which of these two patterns was more common in the

upper or lower, premolar or mofar gingivae.

PERIODONTAf, LTG.ãI{ENT \¡ASCUI.ÀTURE

The periodontal ligament network in the cervical and

middle third v/as composed maÍn1y of postcapillary-sized

venules 20-35um in diameter, running occluso-apically" As the

vessels coursed apica1Iy, they frequently anastomosed with

each other (5.44/fig. 34).

Arterioles \^/ere less commonly found in the períodontal

ligament. They tended to have a constant diameter, ran a

straighter course, and branched less often (5.45 / fig. 35,

5.46/ fig. 36) , compared to venul-es which had a varying

diameter, ran a more sinuous course, branched more often, and

tended to be cfoser to the root surface.
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Cervíca1 Third

At the coronal extremity, apically directed

postcapillary-sized venules, 10-25um in diameter, drained the

circular pJ-exus (5 . 30 / f Lg. 20) , as weII as the crevicular

loops coronal to the circular pJ-exus (5.29/fig. 19) . Terminal

arterioles running occJ-usally supplied blood to capillaries
which fed into the ascending l-imbs of the crevicular Ioops

(5.29/fí9. 1,9, 5.30/fig. 20). Capillaries from the perio-

dontal- Iigament could al-so be found supplying bl-ood directly

to the circul-ar plexus, but these connections were seldom

found on the innermost of the circular vessels.

In some areas, the maj-n periodontal Iigament vessels

were arranged occfuso-apically in a palisade (5.45/fig. 35).

In other areas, the vessels ran apically in an oblique

direction (5.46/ fig. 36) . The lingual l-igament vasculature

tended to have a more oblique orientation and the mesial and

distal- vascufature tended to be more axial in orientation,

compared to the buccal- ligament.

Perforating capil-l-aries f rom the alveolar bone

contributed to the periodontal ligament plexus (5.a6/fLg. 36)

and periodontal ligament venules perforated the alveolar bone

to drain into medullary vessels. ft could not be establ-ished

whether the ligament pJ-exus was closer to cementum or to

al-veolar bone, within the periodontal- Iigament space.

Capillaries hrere not so numerous as to form an extensive

capillary network, but they vrere present Iinking adjacent

postcapillary-sized venules, ot linking the periodontal

ligament vessels to the medul-lary network (5.41 /fí9. 37) . In

some sj-tes, the blood flow in the capil-Iaries appeared to be

in an apico-occlusal direction over short distances, going
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against the general- occluso-apical drainage of postcapiJ-J-ary-

sized venules (5 .41 / f ig. 37 ) . Arteriol-es could be f ound on

either side of the venous netlvork, but were more commonly

found closer to the bone (5.41/fig. 37).

Hairpin capiJ-1ary loops \^Iere sometimes found in the

cervical- third of the periodontal ligament., just apicaJ- to

the circular plexus (5.35/fig. 25, 5.a8/fig. 38), but. were

not found in the middle and apical thirds of the ligament.

They ranged in height from 50-100um and were pointed in the

direction of the root, and sometimes in an occlusal

direction. They arose individually from axially orientated

periodontal ligament capill-aries or from medullary

capillaries, and drained into occl-uso-apical-Iy orientated

postcapilJ-ary-sized venul-es of the ligament.

These capillary loops did not coalesce to form a

capilJ-ary network. Sometimes the descendingr limb expanded

abruptly to join thick postcapillary-sized venules 30-40um in

diameter (5.49 / f.ig. 39) . Annul-ar constrictions may be found

at the base of the descending limb, indicating the

possíbility of a sphincter-like function.

Vascular connections with the periodontal ligament

plexus of the adjacent tooth over the interdental septum

could not be established. This region requires further study.

Middle Third

No capilJ-ary loops were found in the middle third of the

periodontal- J-igament. Ligament vessels continued occluso-

apicalJ-y and anastomosed wit.h each other, and with medullary

vessels through the cribriform plate.
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Àpical Third

The ligament vessels converged at the apex to form a

basket-like network (5.50/fí9. 40). There appeared to be a

higher proportion of larger-sized venul-es in the apical

third, compared to the cervical and middle thirds of the

periodontal J-igament. The vessels seemed more closely packed,

with reduced distances between vessels.

Postcapillary-sized venules and coÌlecting-sized venules

tended to form a network cfoser to the root surface, while

capill-aries formed another network closer to the alveolar

bone (5.51/fig. 41). No capillary loops have been found in

the apical- third.
Anastomoses occurred between periodontal ligament and

pulp vessels at the apex (5 .50 / f ig. 40) , forming al-veolar

arterioles and venules as they perforated the cribriform
plate. The pulpal and periodontal ligament wessels did not

al-l- coalesce into a common trunk. Rather, sma1l branches

radiated from the apex to perforate the cribriform plate

separately.

Interradicular network

A Loose vascular network could be observed in the inter-
radj-cular region in the moIar. This network continued with

the periodontal ligament network down the root, and extended

laterally to join the cervical network of the periodontal

ligament.

fIL

socket s

present, the upper and l-ower canine and incisor
have not been sectioned, so a detail-ed description of
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the periodontal ligament network in these teeth cannot be

given.

The microqraphs in the followíng paqes are accompanied

by a data imprint showing the magnifj-cation of the specimen

(figrure 7) . The magnification factor is not accurate as the
prints have been further enJ-arged. However, a cl-ose

approximation is provided by the scal-e bars, which were

correspondingly enlarged during printing.

Er i ærr ra ', llrt q i nù 
^ñ 

mlaçsæ-¡nlra

A - Length of scal_e bar in um (to one decimal place) .

B : Magnification (Not accurater âS prints have been further
magni fied)

C : Accel-erating voltage in kV (to one decímal_ place) .

D : Working distance ín mm.

E = Specimen code

F : Seríal- number
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Figure 8. The right maxilla, showing the incisor,

canine and premolar sockets.

Rugae extend. to the palatal marqin of the caníne, first

can beand second premolars. Vessel-s of the upper lip (L) ,

seen l-abial to the sockets' surroundíng the víbrissae.

I : First premolar socket R = Ruqa

N:Nasopalatineforamen P:PuIP vessels
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Figure 9. The right maxilla, showing the third premolar,

and first and second molar sockets.

The l-ast ruga terminates at the second mol-ar. The

circul-ar plexus (C) of the marginal gingiva completely

surrounds each tooth. The l-ateral ext.ent of the palatal

wascul-ature is demarcated by semi-circul-ar rings of palatal

gingival loops (P), separated from the crevicufar J-oops (t)

by a gap.

3 - Third premolar socket R = Ruga

G : Ring formations around minor saÌivary gland ducts
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Figure 10. Ruga that runs to the maxilrary left first
premolar. Note the sagíttal orientation of the subepithel-ial
capí1lary network, which becomes less definite near the tooth
sockets.

PapilJ-ary loops extend perpendicularJ-y from the
subpapillary prexus to the connectíve tj-ssue papillae. These

loops are sagittally orientated and aligned on the crest of
the ruga (R) to form a well--deÌineated spine. Rugal loops are

discrete and not interconnected at their peaks. The rugal
crest shows the highest density of loops, compared to the

slopes of the rugrae and inter-rugral trougrhs.

1 - First premolar socket

T : trough area
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Anteri-or

Buccal-

a

s
I I

Figure 11. Paratal network in the trough area between

the rugae to the maxillary right third premolar and first
molar. PapilJ-ary loops (P) pro ject from the subpapillary
plexus (B) into the connective tissue papiltae.

The subpapillary p]-exus lies over a deeper venous

network. Arteriol-es are less common. Collecting-sized venules

(v) coaresce to form a confl-uence of many vessef s. This is an

extreme example. usually, only two or three vessel-s coal_esce

together. Short oblique vessel-s (S) connect adjacent

sagittally orientated vessel-s of the subpapillary plexus.

superficial subpapillary vessel-s z 6 I um in diameter

vessels in the intermediate layer: l-0 l-5 um in diameter

Vessel-s in the deep layer: 30 - 40 um in diameter
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Palatal

Figure L2. Papillary loops in the inter-rugal trough.

Haírpin capillary loops ranging from 70-100um in height

extend into the connective tissue papi1lae. The horizontal

capillary (yellow arror^rs) in the subpapillary plexus connects

four adjacent J-oops at the base. The loops do not bear any

distinct imprint patterns. The tip of the loops are sometimes

bent (B) .
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Figure 13. Ar¡terior view of roops at the rugal cresÈ.

Each papilrary loop makes a hairpin bend at its peak.

Localized annul-ar constrictions (A) occur along the papillary
loop, giving ríse to a l-inked-sausage appearance. Rugal roops

t.end to twist upon themsel-ves.

The height of the rugal loops ranqes from 150-250um.

Their diameter ranges from 8-10um. Note the lack of
connection between adjacent loops at their peaks.

V : Postcapillary-sized venule
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Posterior

Buccaf

Figure L4. The right nasopalatine foramen. A capillary

network l-ines the nasopalatine canaf . Short hairpin J-oops (H)

can be seen on the l-ateraf wall-, projecting into the lumen of

the foramen.

V - Col-l-ecting-sized venule
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Second mol-ar

socket

Figure 15. The soft parate in the right maxirra. The red

l-ine indicates the approximate junction between the hard and

, soft palate.

rn the soft parate, the capirrary network is l_ess dense

and it l-oses its sagittaJ- orientation. Vessels surrounding

the minor salivary gland ducts can be seen, with
characteristic cj-rcul-ar pattern (G) . Note the absence of
rugae and perpendicularry projecting papiJ_lary loops in the
soft paÌate.

R : Ruga to maxil-Iary second molar S - soft palate





¡r

.¡
!
o
+J
tr

5 -26

Figure 16. VesseJ.s surrounding the secretory duct of a

minor salivary g1and. The diameter of this ring is about

110um. The ring is composed of capillary-sized vessels about

Bum in diameter, which do not show any distinct imprint

patterns. The dírection of blood fl-ow in these ring
formations was dif ficul-t to estimate.

V : Postcapillary-sl-zed venul-e
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Posteríor

Figure L7. Palatal gingival margin of the maxillary
right third premolar. The crevicular ptexus completely

encircles the tooth, and is separated from the palatal
gingival loops, by a dístinct gap (yellow arrows) The

circular plexus (C) lies at the apicaÌ base of the crevicular
pJ-exus. Crevicular loops (L) arise from the circular plexus

to extend into the connective tissue papillae.
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Anterior
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Figure 18. Mesial margin of the maxilrary right first
morar. The circurar plexus (c) is knotted aronq its l-ength.

vessel-s forming the circular plexus are 10-25 um in diameter,

running almost pararler to each other, and sometimes

connected by short communj-cating links (S) . A ðapiJ-J_ary (A)

arising from the circul-ar prexus divides into two ascending

limbs to suppJ-y the crewicular J-oops.

Crewicul-ar loops drain into the circul_ar plexus t oL deep

to it, into the periodontal rigament. white arrows indicate

the presumptive direction of flow. The descending rimbs of

the crevicular loops (L) are distended. Ascending limbs are

thinner and more constant in diameter.

P Periodontal J-igament
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Buccal

Figure 19. Crevicular loops on the maxillary right
second molar.

A terminal arteriol-e (A) from the periodontal ligament

by-passes the circul-ar plexus (C) to supply the crevicul_ar

J-oops (L) . A capillary (B) from the period.ontal ligament

supplies the circular plexus. Crevicular loops also derive

blood from the circuLar plexus. Crevicular J-oops drain into
the periodontal J-igament , ot into the cj-rcular pJ-exus. Both

the ascending and descending limbs may divide and coalesce as

they ascend and descend. White arrows indicate the

presumptive directj-on of fl-ow.
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Buccal-

,

L

a

Figure 20. Mesial periodontar ligament and gingiva of
the maxillary left first rnolar

A capíJ-rary from the periodontal- rigament supplies bl-ood

to the circular plexus, from which arise the ascendinq limbs

of crevicuf ar loops (L) . white arrolrs indicate the
presumpt j-ve blood supply from the PDL capirJ-ary to two

crevicular loops, and the presumptive blood drainag'e from the

circular p]-exus (C) to the PDL.

A:Arteriol-e V:Postcapillary-sizedvenufe
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Posterior

Figure 2L. PaIat.aI margin of the maxillary right first.

molar. Crevicular J-oops (L) show multiple branching.

C : Circular plexus

H : Hairpin crevicular loop
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Distal

t

Figure 22. Buccal gingiva of the maxillary J.eft canine.

Gl-omerular-like structures (G) are abundant in the

canine gingiva. These are arrangred in mul-tiple tiers above

the circufar pJ-exus (C) .
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Figure 23. Buccal gingiva of the mandibular left second

molar. Crevicufar J-oops (L) in this region are arranged in

mul-típle rohrs. They arise from and drain into the circular
plexus (C) .

A - Termínal arteriole V : Postcapillary-sized venule
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Palatal-

Figure 24. Palatal gingival margin of the

right second mol-ar (Occ1usal view) .

Both crevicufar loops (L) and paÌatal gingival

are supplied by deep gingival vessels. Whíte arrows

5.34

Posterior

rnaxíJ-J-ary

loops (B)

indicate

betweenthe

the

presumptÍve direction of flow. A gap (G) exists

crevicufar and palatal gingival vasculature.
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Buccal
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Figure 2s. Mesial gingiva of the maxirrary reft first
premolar.

crewicurar J-oops rang'e f rom s imple hairpin J_oops to
compJ-ex twisted and coil-ed loops (K) . Simple hairpin loops
(H) supply the interdental- col-.

capillary loops (y) from ar-veorar bone extend to the
periodontal 1ígament berow the rever of the circur_ar plexus
(c) . These capirlary roops are mainly found in the cervicar

PDL.

Extravasated material (E) is seen in associ_ati_on with
crevicul-ar 100ps. The extravasated resin shows a delicat.e
honeycomb pattern, with smal-l spaces between the materj_aÌ. No

imprint patterns are seen on the extravasated material_.
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Lingual

Figure 26. Distal view of the mesiar and. buccar gingival
wascurature of ttre mandiburar left third premolar.

The gingrival vascul-ature on the vestibul_ar aspect is
composed of capirlary roops which have coalesced to form a

continuous network with a horizontaj_ capitlary (H)

surmounting the crest.
C : Circular pJ-exus L = Crevicular loop
P = Periodontal- ligament 2 - Second premolar
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Buccal-

Distal

Mesial

Figure 27. occlusar view of the buccal gingival margin
of a mandibular left t,hird premolar.

A capillary (c), 5um in diameter, surmounts the gingival
cresL, and drains into a larger postcapillary-si_zed venu]e
(V) , 20um in diameter.

L = Crevicul-ar loop
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Buccal

Distaf

Figure 28. occrusal view of Èhe buccal gingiva of a

mandibular right second premolar.

The vestibul-ar gingival network (N) is a continuous
network and anastomoses with the crevicular loops (L) and the
circular plexus (c) . The innermost circul_ar vessel_ is
incompletely cast. Anastomoses with the periodontal_ ligament
plexus can also be observed.

B : Cheek vasculature

P : Períodont.al- ligament
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Posterior

Anterior

Figure 29. Buccal gingiva of the first and second

premorars in the right maxilra. Note the horizontal_

orientation of the vessel-s below the gingival marqin (M) and

the occluso-apical orientation further apical_Iy.

An occluso-apicalJ-y orientated venous plexus lies
beneath the capillary network. The orientation of the
capillary network changes suddenly at the presumptive

mucogingival junction (red lj-ne), about B00um from the
gingivar margin. J indicates the most occlusally praced

vessel of the alveolar mucosa network.

1 : Fj-rst premolar

G:Gingiva A=Al-veol_armucosa
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Anterior

Figure 30. Buccal gingiva of the mandibular ríght first
molar.

Note the horizontal orientation of the vessels bel_ow the
gingivar margin (M) . Further apical-ly, venous vessel-s (v)

drain the gingiva occluso-apicarly towards the vestiburar
sulcus. As they descend, they coal-esce into larger trunks.
Papillary Ìoops (Y) are reduced in height as they extend ar4,ay

from the gingival marqin.

A : Arteriole
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Posterior

Figure 31. capirlary network on the buccar gingiva of
the maxillary right second premolar.

Note the occluso-apical orientation of papilrary loops

apicaÌ to the gingiva]- marqin. The height of the papillary
loops ranqed from 60-L20um.

Y : Hairpin capillary loop

V - Postcapillary-sized venul-e





Buccal-

Figure 32. The interdental
left first and second premolars.

Bucco-lingually orientated
interdental- coI area drain into
venul-es.

1 : First premolar

Q = Circular plexus

5 .42

Pal-atal_

col between the maxillary

hairpin loops (H) in the
bucco-l-ingua11y orientated

Second premolar

Crevicular loop

2

L
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Palatal
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Figure 33. Distal vieYt of the interdental col between

the maxillary right. first and second premolars.

PapiJ-rary roops extend into the cor area, orientated
sagittally. In thís micrograph, coÌ toops (K) show muftiple
branching. The ligrament vessel-s are incompJ-ete1y cast.
P : PDL vessels L : Crevicufar J-oop

1 : First premolar 2 - Second premoJ_ar

C : Circular plexus
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Occlusal- Buccal-

a

Lingual

Figure 34. Mesia1 periodontal ligament of the mandibular

right second premolar. Posterior view.

The liqament vessefs are predomínantly postcapilJ-ary

venules, wíth occl-uso-apical orientation, and they frequentJ-y

anasLomose with each other. Compare with figure 35 where the

principal Iigament vesse.l-s are arranged in palisades.

P : Pulp vessefs L - Crevicul-ar loops
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Buccal

Figure 35. cervical end of the mesiar periodontar
ligament of the maxillary right second morar. Viewed from the

root aspect.

Periodontal ligament vessels are arranqed occl_uso-

apically in a pa]-isade. Arterioles (A) are l-ess numerous,

tend to have a constant diameter, run a straighter course/

and branch less often. venules are more numerous, have a

varying diameter, run a more sj-nuous course, branch more

often, and tend to be closer to the root surface. compare

with figrure 31 where the ligament vessers are arranqed in a

plexiform pattern.

V - Postcapillary-sized venul-es

C : Circular plexus
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Mes ial

Figure 36. paratal periodontal rigament of the maxillary
J.eft third premolar. Viewed from the root aspect.

rn this region, the periodontaJ- ligament vessels run

occluso-apicalJ-y in an oblique directÍon. capillarj_es (y)

enlarge suddenly into postcapiJ-lary-sized venul-es up to 30um

in diameter. capillary vessel-s (y) perforate the cribriform
pJ-ate to pass into the perj-odontal ligament.

C : Circul-ar plexus L : Crevicular toop

A:Arteriol-e F:Incompletefillinq
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Buccal

Figure 37. Cervical periodontal ligament of the

mandibular right second premolar, viewed from the root,

aspect.

Postcapillary-sized venul-es (v) drain in an occl-uso-

apical direction. Capillaries (B) link up adjacent

postcapiJ-1ary-s ized venul-es . some capillaries appear to run

in an apíco-occl-usal- direction (Y) . Terminal arterioles (A)

are cJ-earJ-y demonstrated in the ligament. Voids (D) do not

bear any j-mprint patterns.
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Occl-usa1

Buccal

Figure 38. Hairpin capirlary roops in the cervicar third
of the distar periodontal ligament in the mand.ibular reft
third premolar. viewed from the root aspect. The arrow points
towards the apex.

capillary loops are orientated in the dj_rection of the
root surface.
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Bucc a I

0cclusal

Figure 39. cerwicar third of the distar periodontal
ligament of the maxirrary reft second premolar, in the disto_
palatal. corner. Viewed from the root aspect.

The descending l_imb of the capiJ-t-ary Ioop (y) expands
suddenly and drains into a postcapiJ_J-ary-sized venure. An

annular constriction (A) is seen at the base of the
descendingr rimb, before it joins the postcapirrary-sized
venul-e.

lvhite arrows indicate the presumptive direction of frow.
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Buccal_OccIusaI

¿
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X

Figure 40. Distar view of the apex of the mandiburar

right second premolar. Periodontal- 1ígament vessel-s convergfe

at the apex. Anastomosis (X) between periodontal_ Iigament
venul-e and pulp venul-e (P) occurs at the apex.

E = Extravasated resin
A : Arteriole

V - Col-l-ecting-sized venul-e

D : void in the cast (incomplete fit-li.g) . Note the absence

of Ímprint patterns in the void.
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Palalal

Buccal

Figure 4L. Dístar view of the apex of the rn-a.xirrary

right first premorar. Postcapillary-sized venul_es and

col-l-ecting-sized venules form a network cl-oser to the root
surface. iapillary vessels (c) form another network closer to
the al-veol-ar bone.

P : Pulp vessels V : Collecting-sized venule
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DISCUSSION

TECHNICÀI, CONSIDERÀTTONS

Corrosion casting is a technical-1y difficul-t procedure,

often with unpredictabl-e resul-ts. fncomplete casting. is a

common problem and has often been attributed to vasospasm,

bJ-ockag'e, or insufficient perfusJ-on pressure.

Production of good castings depends on the control- of

the foÌlowing factors, which ensure adequate flow of the

resin to the smallest vessels of the oral microvascular bed.

Perfusion procedure

The animal can be perfused from the heart, but a better
castingr is produced if the cannul-ation is as close to the

target orqan as possible (Tompsett, I910; Lametschwandtner et

âf., 1984) . Therefore, the common carotid arteríes were

selected for cannul-ation.

After saline washout, some other inwestigators (e.g.

Murakami, L91I) would further rinse the vascu.l-ature at 50-55.C

to warm up the vessels so as to acceferate the polymerization

of the casting medium. This procedure was omitted as the

effect on the vasculature is not known.

Tompsett (1-970) adwised against the use of excessive

pressure during perfusion as this can cause tissue swel-ling

and waterlogging. It may be argued that it is important to
perfuse the animal at physiologic pressure. However, the

bottle pressure is not equal to the intra-vascul-ar pressure,

which is the important parameter (Lametschwandtner et âf. ,

1984) . Furthermore, the purpose of this experiment was to

demonstrate the anatomic relations of the total microvascular

bed, as distinct from the functional microvascufar bed which
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may incÌude dormant areas. consequently, wasod.ilators and

hand perfusion were empJ-oyed to ensure adequate perfusion.

One criterion to assess intravascular pressure is the

"dry nose criterion" (Hodde et âf . , L9'71,. Hodde and Nowel1,

1980) . According to these authors, âs long as there is no

outflow of transudate from the nose of the animal, the

injection pressure would not be excessive. This guideline was

obserwed in this experiment, although it can be argued that
the periodontal mícrovasculature may react differently from

nasal mucosal microvasculature to the same intravascul-ar
pressure.

Prolonged blood washout should be avoided, since

prolonged sal-ine perfusion produces proqressiwely more oedema

in the tissues so that extensive changes may occur in the

vascul-ar cast (Gannon , L918) . This was avoided by the

addition of PVP-40 in the washout soluti-on to increase the

col-loid osmotic pressure.

Fixation with glutaraldehyde

Prior fixation before the introduction of the casting
medium was found to improve replication of the luminal

surface and clarity of detail- of the resul-ting cast (Hodde et

ãf., L911; Hodde, 1981).

On the other hand, prior fixation sometimes made it more

difficult to macerate the specimen. Furthermore, the

vasoactive effects of the fixative on the vessel- wall are not

known (Hodde and Nowel], 1980).



6.3
fncomp]-et e Castinq

fncomplete casting can be due to:
1. VascuLar spasm. Such spasm can limit the distribution of
the resin. Papaveri-ne and sodium nitrite h/ere added to the

washout sol-ution to promote vasodilation and reduce

vasospasm.

2. Blockage. Fine vessels can be bl-ocked by partículate
matter if the washout solution, fixative, or resin, are not

fil-tered. A1so, air bubbl-es accidentally introduced into the

tubing can lead to blockage by the emboli. It is important to
rinse out all- the blood before casting as blood cells can

cause blockage (Lametschwandtner et âf., 1984).

3. Insufficient perfusion pressure. If the infusion pressure

is not high enough, the resin will not f low wel-l-. It may be

helpful to intermittently clamp the drainage tube and al-low

the intravascu.l-ar pressure to build up during perfusion,

thereby opening up dormant vascul-ar beds. If the pressure at

the exit of the tubular system (the inferior vena cava) is
too high, fl-ow will- be impeded. Therefore, a large tubing was

inserted into the inferior vena cava to all-ow unimpeded fl-ow.

Blood clot in the venous system, or drainage tube, will al_so

impede the flow. Excessive pressurer on the other hand, can

l-ead to rupture of the capillaries (Lametschwandtner et âI. ,

r9B4) .

4. High viscosity. The viscosity of the fluid should be low

enough to fill the smallest vessel-s. The viscosit.y of Mercox

increases immediately upon mixing with the catalyst.
Premature polymerization of the Mercox resin can result if
too much catalyst is added, if the temperature of the resin
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is too high, or if there is prolonged mixing of the cataÌyst

with the Mercox resin.

There is a l-imit to which the wiscosity of the fluid can

be reduced, âS too f l-uid a mixture tends to rupture f ine

vessel-s (Gannon, 1978) . Vùhether such reduction in viscosity

can l-ead to extravasation in vessels has been questioned by

Castenholz (Lametschwandtner et âf., 1984). The findings in

this investigation indicate that extravasations, due to

reduced viscosity or other factors, do indeed occur.

Too viscous a resin will not penetrate the capillaries.

On the other hand, viscosity should be higrh enough to obtain

mínimal- polymerization shrinkage (Lametschwandtner et â1.,

1984) . A viscosity of 36 centistokes was found suitable for

the method employed in this experiment.

5. Small- cannula size. ThÍs was the major reason hrhy initial-
attempts at wascular casting failed. The largest cannula

possible must be used. This is the most J-mportant factor to

consider, âs flow rate is related to the fourth power of the

radius. Doublíng of the radius leads to a sixteen-fold
íncrease in flow rate.

6. Inadequate mixing of

incomplete polymerizat.ion

catalyst and resin can result in

of the cast.

1 . Breakage. The delicate casts are easíIy broken during

processing and many fine branches are broken in this hray.

8. External pressure on the vascul-ar bed can l-ead to vascular

occlusion, preventinq complete filling.

9. Rupture

pressure is
or blowout of

used, or if the

vessels can occur if excessive

animal is handl-ed roughly.



6.5
10. cannul-ation too far from the tarqet organ. This vras not a

problem in this experiment, but it can be a problem in
perfusing other tissues if the resin has to pass through an

interveninq capillary bed.

11. Insufficient perfusion time.

stopped untíl resin appears at the

Perfusi-on shoul-d not be

egress site.

Dimensional stabilitv of the replicating medium

According to the manufacturer, there is a shrinkage of
0.9% measured following the Japanese fndustrial Standards

method K 69II (Hodde et âf . , I911) . However, Weigrer (1981)

and Weiger, Lametschwandtner and Adam (1982) have found a

shrinkage of 6%, despite the manufacturer's claims. Thís

factor should be considered when dimensions of the casts are

estimated. fn this experiment, the cast dimensions stated
T^rere not corrected for polymerization shrinkage.

Tissue Corrosion

Tissue corrosion takes a long time. The larger the piece

of tissue, the longer it takes to corrode the specimens and

cl-ean the cast. Hence, it is a good idea to section the

tissue into smal1 bl-ocks for corrosion. On the other hand, if
the casts are too small, the delicate casts can be damaged as

they are not protected by the surrounding' vascular network

against accidental knocks during handling.

The concentration of KOH is not critical for corrosíon

and sodium hydroxide can al-so be used (Gannon , ]-97 B) .

Specimens can be placed in phosphate-buffered pancreatin or

sodium hypochlorite for further cleaningr (Gerszberg, Roa and
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Korte, 1985) . fn this experiment, KOH proved adequate for

most of the specimens.

Higher incubation temperatures accelerate the tissue

d.igestion, but temperatures above 5OoC should be avoided since

the acrylic casts may soften at higher temperatures (Gannon,

1978). Some investigators (e.9. Murakami, L97L) have used

ultrasonic cleaning to clean the casts but this was not found

to be necessary.

Trimming of casts

Methods of trimming casts used by other investigators

include fine trimming with forceps in a warm alcohol bath

(Murakami, L9'72) , sectioning on the dry and mounted cast

(Murakami, I975) , sectioning casts embedded in water sol-uble

wax, cutting dried mounted casts with a laser beam (Hodde and

Nowel1, 1980; Hodde, 1981) / using a light microscope

micromanipulator (Nowe1l and Ty1er, L974) or an SEM

micromanipulator (Pawl-ey and Nowell, L913) .

The SEM micromanipulator appears to be most promising,

but unfortunately was unavail-able for use in this

investigation.

Artifacts
Artifacts can be recognized by the l-ack of endothelial-

cell- imprints (Hodde , L98l-) . IncompleteJ-y filled vessels

appear as blind-ended finger-Iike processes (5.46/fí9. 36).

Voids appear in the cast as hollowed-out craters (5.41/fig.

37). These can be due to improper mixing of the resin, or the

inadvertent introduction of air bubbles during perfusion.
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Spots, bl-emishes or particres on the cast surface can be

due to incomplete cleaning', dust contamination, or fragments

of uncorroded tissue.
white spots i-n the micrographs are due to charging of

the speci-men, when there is a build-up of erectrons on the
specimen surface. charging is prevented by proper mounting

and coating of the specj-men, using 1ow accelerating vortages
for sEM examination, and the use of conductive bridges
(Lametschwandtner, Miodonski and Simonsberger, l9g0) . These

bridges were used in some of the specimens.

Murakami et aL. (1,9'73) said that specj-mens could be

viewed under the SEM by exposing to vapourized osmium without
further coatì-ng with metal. charging effect was claimed to be

minimal-. However, all the casts in this experiment were

further coated with carbon and gold/pal_IaCium aI1oy.

Constrictions in corrosion casts hawe been demonstrated.

by Duvernoy, Del-on and vannson (1981) in the human cerebral
vessels, and by Motti et al-. (1987 ) in rat cerebral_ vessels .

constrictions in the cast may be due to incomprete fil1ing,
or alternatively, represent sphj-ncters. sphincters coul_d be

differentj-ated by the occurrence of a high density of nucl_ei

ímprint patterns. Absence of nucl-ei imprints suggested

incomplete filling. Vasoconstrictive reactions of the wessels

to various casting media have been cited by Hodde and NowerÌ

(l-980) . Motti et al-. (1981) have suggested that the
vasospastic phenomenon is due to the myogenic response of
blood wessels to the high pressure used when the casting
medium is inlected, while Duvernoy et aL. (1981 ) have

suggested that they may be due to vascular sphincters which

regulate cortical- blood flow.
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Sphincters have not been described in the periodontal.

ligament blood vessels but the possibitity of a vascular

response shoul-d be considered. Pericytes and endothel-ial

ceIIs may hawe contractile properties, resulting in a

reduction in l-uminal diameter (Rhodin, 1968) .

Broken casts are easily identified as they have sharp

jagrged edges. Breakages are common as the casts are extremely

delicate and specimen preparation requires a lot of handling

and movement which often i-ntroduce vibrations.

Sometimes, a mass of resin can be seen which bears no

resemblance to any anatomic structure. This is due to

extravasation of the resin into tissue spaces. The amorphous

mass may bear a resembfance to uncorroded tissue, but when

occurring isotated in an otherwise clean area, it suggests

that extravasation may be a more likely cause. This

extrawasated material was often found in the marginal gingiva

in close association with complex conwol-uted crevicular loops

in this study. Kindl-ova (1-967 a) al-so found extravasation

related to dil-ated gingival capillaries and attributed it to

vascular changes due to inflammation.

Extravasation of resin can occur at hígh perfusion

pressures. Casley-Smith and Vincent (1978) have shown that

semi-polymerized methyl methacrylat.e moÌecules could pass

through vascular fenestrae into interstitial tissue channels

in the rat in areas of high intravascular pressure. Such high

pressures may have resulted from hand injection of the resin,

ín con junction with a local-ized weakness j-n the vascular

endothelium, resulting in rupture through the vessel wal-1.

It is possible that the morphological appearance of the

extrawasated resin in this project reflected interstitíal
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channels in the gingival vasculature. The Iimited areas in

which this extravasated material was found could be because

the blood. vessels in those regions have increased

permeabíJ-ity. This increased gingival permeabifity may be

related to a functionat requirement, for example, in the

production of crevicular exudate (Cimasoni, 1983) .

The administration of even smalI amounts of heparin

makes the capiJ-lary susceptible to minor environmental

changes and. l-eads to petechial haemorrhages during simple

reactive hyperemia (Zweifach, 1961) . This effect may be

another factor related to the extravasations -

The use of the SEM and stereoPair micrograPhs

Recording the SEM images of the casts on single unpaired

microgrraphs gives far less information than could be provided

from stereopair micrographs. According to Gannon (l-978) 
'

stereopair ímages can convey ten times aS much anatomÍcaI

information as a single micrograph.

In this pro ject, stereopair micrographs 'hrere used to

prowide three-dimensional images. With this method, the fiel-d

of vlew was first selected, and the stereopair was then

taken. Other areas of the cast that might have been more

interestíng could possibly be missed as the three-dimensional

aspect of the cast was not recognized. A definite advantage

exists in the use of dynamic stereoscopy with the SEM,

wiewing three-dimensional- ímages of the cast in real--time

(Chatfield, 1978) . However, such facilities were not

available to the author.
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Limitations of the corrosion cast technique

1. The direction of blood flow cannot be ascertained from a

short section of the cast (Lametschwandtner et ãf.,

1984) . However, by following the path of one vessel as it

enlarges, branches or coalesces with other vessels, the

direction of flow can be inferred.

2. Casts offer no information about the physiologic state of

opened artificiallythe vascular bed.

by the perfusion.

Some vessels may be

The chemical effects of the casting medium on the luminal

surface and the vessel wall are unknown.

There is insufficient information presently available

regardingr the physico-chemical properties of the casting

medium, such as resistance to drying and heat, corrosion,

polymerization characteristics etc.

Luminal diameters cannot be accurately measured using

this method as the injection pressure produces expansion

of the vessel wall (Rhodin, L913) . Irino, Ono and

Shimohara (1982) noted vascular spasm in the early stage

of resin in jection, fol-l-owed by marked dilatation at a

l-ater stage. The thinner-walled vessels dilated more than

the thicker-walled ones.

Vascular smooth muscle tone can be altered by changes in

the chemical milieu, such as ionic activity, pH,

awailability of metabolites, etc. (OIson, L980) . In

addition, the amount of stretch is not consistent

throughout the vascul-ature.

tr
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MorphoJ-ogical relationships of the blood vessels

adjacent structures cannot be determined precisel-y.

According to Hodde (l-981), the cast cannot replicat.e the

fenestrati-ons in vessels. Fenestrated and non-fenestrated

vessels look identical- in cast form.

Since the magnification gJ-ven in the micrograph only

represents an approximation, the interpretation of

lateral distances on a micrograph can be grossl-y in error

without three-dimensional analysis (Chatfield, 1978) . The

measurement of three-dimensional- data from two-

dimensional pictures has been discussed by Boyde (I973,

L919) .

MORPHOLOGI CAJ, CONS TDERÀT IONS

Palatal vasculature

A subepithelial capillary network arrangement in the

marmoset is also reported in the mouse, rat and dog (!fong,

l-983; Weekes, 1983,' Takahashi et âf., 1985). The sagittaJ-

orientation of capillaries on the rug'al- crest and slopes

found in the monkey is consistent with a similar orientation

in the rat (Weekes, 1983) and mouse (Wonq, l-983). In the

marmoset, these palatal capillaries \^Iere thrown into a series

of l-oops, whereas no Ioops were mentioned by üÙeekes (l-983) .

fn the rat (Weekes, 1983), the capil-laries only displayed a

sínuous course.

There appears to be a qualitatiwe difference in the

extent of tooping of palatal capillaries between the monkey

and the rat, which may be related to a functional adaptation
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of the monkey palate to higher masticatory shearì-ng forces

(vide infra: 6.l-3) or dif ferences in diet.

The rugal loops hlere aJ-igned laterally aJ-ong the rug'ae

in the marmoset, as in the mouse and the rat. The high

density of vessels on the marmoset rugal crest was al-so

reported for the rat (Vrleekes , !983) . A higher concenLration

of papillary loops on the rugal crest may be a necessary

adaptation for nutritive needs of Sensory receptors on the

rugfae, ot for an increased number of connective tissue

papillae on the rugae. The palatine rugrae are thought to

assíst in grasping the nipple during suckling and, in the

adul-tr âssist in mastication (Scott and Symons, L982) - rt has

been shown that some of the rugae found on the rat palate

contain numerous touch corpuscles so that tactile information

is conweyed when food is brought into the mouth (Scott and

Symons, L982) . It is possibJ-e that the rugae hawe a similar

function in the monkey.

In the mouse, Wong: (1983) found a single, transversely

orientated capillary surmounting the ruqral crest and

connectingr adjacent sagittally orientated capillaries.

Subsidiary transverse vessels v/ere also found in the inter-

rugal troughs. However, no such vessels were found in the

marmoset, except at a subpapillary level. In contrast,

capillary loops on the marmoset rugal crest \^Íere discrete and

not interconnected with adjacent wessels. It does not appear

that functional needs of the tissues will be compromlsed by

the discrete loop arrangement in the marmoset since

anastomoses are present at a subpapiJ-lary 1eveL.

Wong and Sims (1987) described Iooped capil-laries on the

rugal slopes of the mouse, which changed to a flattened
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plexus where they crossed the inter-rugaI venous system. fn

contrast, the inter-ruqal trough in the marmoset stiII

consisted of capillary 1oops, although the height. of the

loops was reduced, and the capillaries \^rere less distinct in

their sagittal- orientat.ion. In the rat, the inter-ruga1

network showed no orientation at aIJ-, forming a random plexus

(lrleekes, 1983) . In the mouse, the rat, and the marmoset,

there is a reduced tendency f or sagrittal orientation a\^/ay

from the ruqal crest. No explanation can be found for this

trend.

Wong (1983) found that some of the inter-rugal areas in

the mouse lacked a capiJ-1ary network, but revealed large

venous vessel-s more than 100um in diameter. No reason was

suggested for the absence of the capillary network. The

possibilíty of incomplete casting cannot be igrnored. Absence

of the palatal subepithelial capillary network r¡ras al-so a

feature in the old animal-s in this study. Possible reasons

are suggested on page 6.36 (Age changes) .

Wong ( 1983 ) suggested that the r¡Iavy wesseLs on the

slopes of the rugae are functionally arranged to withstand

masticatory shearing forces. The wavy pattern would alIow

stretching of these vessels in the rugal tissues simil-ar to

those in other gingival structures and in the periodontal

Iigament. The J-arge venous-type vessels lying at the base of

the inter-rugal troughs may also provide the means for the

palate to absorb high compressive functional forces.

Cutright and Hunsuck (I910) found that capillary loops

of the macaque soft palate \dere longer than those of the hard

palate in all- areas. However, Ioops were not commonly found

in the marmoset soft palate. This apparent contrast requires
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further study as some of the casts in this study did not

extend throughout the entire soft palate.

Takahashi et al-. (1985) demonstrated the presence of

bicuspid venous valves in the dog palate, in J-arge collecting

veins more than 200um in diameter. These val-ves were Located

mainly in the soft pal-ate. No venous val-ves have so far been

found in the monkey palate. This difference needs to be

further investigated with deep dissection of the marmoset

cast, since the valves in the dog were found in the submucous

venous plexus.

The monkey palate in this study I^tas found to have a

venous plexus Iying underneath a capillary network canopy.

The venous plexus lacked a definite sagittal orientation.

Takahashi et aL. (1985) did not state the orientation of the

venous plexus or capillary network in the dog Lamina propria,

but said that the submucous venous plexus ran

"longitudinally". Removal of superficiaJ- venous vessels in

the marmoset palate is required to study the orientation of

deep vessels ín the submucosa.

It was inferred from the cast topography that the

junction between the epithelium and the lamina propria v¡as

not smooth, but thrown up into folds, So that the surface

contact between the Iamina propria and epithelium was

increased. This topography allowed for better mechanical

support and a greater opportunity for the passage of

nutrients from the blood vessel-s of the lamina propria to the

non-vascular epithelium. This feature \^/as more deveJ-oped in

the hard palate to support its masticatory function.

The three-dimensional vascul-ature of the nasopalatine

foramen has never been demonstrated, except in the dog by
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Takahashi et âf. , (1985) . However, in their study, the

micrographs were not illustrated in stereopairs, and the

capillary network was not illustrated.
The marmoset nasopalatine foramen was triangular in

outline, whereas that. in the dog appeared oval without the

capillary network. Takahashi et al-. (1985) noted vessels of

the nasal mucosa connecting with vessels of the palatal

mucosa and palatal gingiva, through the nasopalatine canal in

the dog. This region of the marmoset palate requires further
dissectíon for eval-uation of deeper vascular connections. It
would be interesting to see if there are any differences in

the microwasculature between tissues derived from the primary

palate and those derived from the secondary pal-ate.

SofÈ Palate ring vessels

These ring vessels hrere rel-ated to the minor salivary
gland ducts found by Wysockj- et a7. (1978) in the hamster

soft palate. Although Wysocki et al-. did not describe in

detail- the dimensions and density of these ducts, their
illustrations indicate an average diameter of 52um for the

connective tissue channels in which the ducts tíe. Vessels

lining these channels would have to have a larger mean

diameter. The diameter of the vascular rings found in the

marmoset soft palate ranged from 100-200um, corresponding in

size to the channels found by Wysocki et al-.

The possibility that these ring vessels r¡rere associated

with taste buds ráras considered. Kl-ein, Weif emann and

Schroeder (19'79) studíed the taste buds in t.he macaque soft
palate. These buds were composed of epithelial islands, 150-

300um in width, completely surrounded by epithelium. No bÌood
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vessels \^/ere seen surrounding the taste buds. However,

secretory ducts of salivary (mucous) glands were found

surrounded by blood vessels. These glands decreased in
density from medial- to lateral, a distribution similar to

that found in the marmoset.

Klein et aL. (1919) stated that in the macaque monkey,

many J-ymph fol-l-icles \^Iere found associated with the secretory

ducts just as they entered the epithelium. The ring vessels

in the marmoset may participate in regulating the blood fl_ow

to the ducts as well as to the lymph follicles.
In the dog tongue, similar ring-like vessels, measuring

50-70um in diameter, have been demonstrated ín pictures by

Kishi et â7 . , ( l- 98 6b) . These ringr vessel-s represent the

periductal plexus described by Cutright and Hunsuck (1970) in
the rhesus monkey, which formed a sleewe around the duct and

anastomosed with the vessels of the subpapillary plexus.

Cutright and Hunsuck (L910) suggested that this periductal
plexus could play a role in the secretory function of the

gJ-and.

Gingival vasculature

Frequent anastomoses between the periodontal ligament

vascul-ature and gingival plexus \^rere demonstrated in the

marmoset. This observation contrasts with the findings of

Kennedy (I97 4 ) and Carranza et aL. (I966) that vascular

connectíons between gingival and periodontal Iigament bl-ood

vessels r^rere rare in squirrel monkeys, rats, mice, hamsters,

guinea pigs, cats and dogs. This apparent contrast may result
from limitations in technique of the earlier studies.

Carranza et al-. (1966) used a histochemical technique for the
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demonstratÍon of adenosinetriphosphatase activity to detect

blood vessels. Kennedy (L914) studied B0um serial sections of

monkeys perfused with India ink. These methods provided

l-imited depth of view, and could not establish the three-

dimensional connections of the vasculature.

However, Kennedy (1,97 4 ) observed that when inf l-ammation

was induced, the number of vascular connections between t.he

periodontal ligament and gingiva was increased. This

difference in the number of anastomoses hras not observed in

the marmoset, perhaps because of the sma1l number of animals

used, and the absence of proper quantification of

anastomoses.

The marmoset circular plexus consisted of one to four

rings of capiJ-lary vessel-s , 8- 10um in diameter. The

capillaries frequently anastomosed with each other throughout

the circular ring. The circular plexus is al-so found in the

mouse (Wong , L983; Wong and Sims , 1,987 ) and the rat (Weekes

and Sims, L986b) . However, in the rat, it hras composed of

only one contínuous vessel (Weekes and Sims, I986b) . This

difference may be related to the width of the epithelial

attachment which the circular plexus suppJ-ies, accounting for

the variation in the number of circular wessel-s in different

sites in the marmoset.

In the present investigation, the circular plexus vras

rel-ated to the epithelial attachment,' the crevicular loops

extended from this plexus into the crevicular gingiwa. The

"tenuously J-ooped capil-Iaries" of Kindl-ova (1965) (vide supra:

3.13) would correspond to the crevicular loops of this study.

Kindlova and Matena (L962) stated that "coiled
periodontal loops" ( vide supra: 3 .24) , corresponding to
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crevicular 1oops, did not form part of the gingival

circulation, and were considered as part of the periodontal

ligament. However, the casts in this study convincingly

demonstrated the crevicular loops supplying the crevicular

epithelium. The gap between the vasculature beneath the

crevicular and oral gingival epithelium, demonstrated in this

study, confirms the findingrs of Kindlova and Matena (1-962) ,

of a separate network (víde supra: 3.24). However, the

authors mistook crevicufar loops for periodontal ligament

Ioops.

The círcular plexus in the marmoset corresponded with

the "horizontal circulus" in the rat (KindJ-ova and Matena,

1-962), or the narrow band of the flat capillary network at

the coronal extremity of the periodontal ligament in the

Macaca rhesus (Kindlova, 1965). A circumferential-/circular

arrangement of vascular loops closely applied to the

epitheJ-ial cuff was af so described by Carranza et aJ-. (1966)

in rats, mice, hamsters, guinea pígs, cats and dogs. This

arrangement has been confirmed in the marmoset.

The functional significance of the circular plexus is

not clear. It $fas difficult to estimate the direction of

blood flow in the circular vessels. The circumferential-

arrangrement of the circular plexus, with multiple anastomoses

with the periodontal ligament and crevicular Ioops, could

prowide a means for rapid re-distribution of blood when the

tooth is under functional load. When masticatory l-oad is

released, the c j-rcular plexus can be quickly ref il-led with

blood from the surroundj-ng vessels, ensuring the viability of

the epithel-ial attachment.
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Crevicufar Ioops v¡ere quite variable, ranging from

hairpin loops to complex convoluted 1oops. This variability

was not recognized by Kindlova and Matena (1962) . These

crevicul-ar loops r^rere found on all aspects of the marmoset

premolar and molar teeth. The direction of blood flow could

be deduced by following the path of the vessels. However,

vital mj-croscopic studies by Hansson, Lindhe and Branemark

(1968 ) have shown that vascul-ar fl-ow can be reversed. Flow

reversal has Ímportant implications in the distribution of

blood during physiologic function and in pathologíc states.

The true direction of flow at any instant in the

microvascular bed can only be determined from in vivo

observations using vital microscopy.

The morphology of the gingival vasculature in the

anterior teeth was quite different from that of premolars and

molars. Examination of canine and j-ncisor gingiva showed

bulb-shaped, complex, crevj-cular loops resembling renal

grlomeruli. Weekes and Sims (1986c) recently reported finding

these glomeruli in the gingiva, but did not state which teeth

they examined. The vasculature of the anterior teeth requires

further study. This stark contrast in vascular morphology in

different teeth suggests caution when reviewing the

literature, as sometimes the site studied is not specified.

Differences in physiologic response in various sites may be

explained by these morphologic differences.

Gfomerul-us-like structures can also be found in the

mouse (Wong and Sims , 1-987) , rat (Kindlova, L961b,' Vùeekes and

Sims , I986b) , dog (Egelberg, 1,966; Ichikavla, Watanabe and

Yamamura, 1-97'7) , squirrel monkey (Folke and Stallard, 196'7) ,

and man (WedI , 18B1; Schwej-tzer, l-909,' Hayashi, 1932;
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Provenza, Biddington and Cheng, 1959,'Provertzat Biddix and

Cheng, 1960; Ishimitsu, l-960) . However, the three-dimensional

architecture of these structures can only be fully

appreciated using microcorrosion cast techniques.

In the macaque monkey, Kindlova (1965) describes

glomeruli as being l-ocated apical to the epithelial

attachment (vide supra: 3.13), but Weekes and Sims (1986b)

show them between the epithelial attachment and the gingival

crest. Wong and Sims (1-987), and findings from the present

study, have al-so shown that they l-ie occlusal to the

epithelial attachment. In this study, Do glomeruli vrere found

apical to the epithelial attachment.

The function of these glomeruli remains unresol-ved. WedI

(1881) stated that in pathological processes, these coiled

capitlaries are the seat of atrophic changes which resemble

those found in the renal glomeruli. He suggested that, in the

periodontium, these structures function as coil springs

(Sprungfeder) acting against the masticatory pressure.

Gasparini (1949) is of the opinion that these glomerular

structures act as arterio-venous anastomoses in the healthy

periodont.ium, regulating the fLow of blood through the

periodontíum.

These curious coiled capillary loops are not present in

all teeth, as they are not found in the continuousl-y erupting

rat incisor (Kindlova and Matena, L959) and in continuously

erupting rabbít molars (Kindlova, I961b) .

According to Ishimitsu (1960), as many arterio-venous

anastomoses exist in these glomerulus-like structures, the

glomeruli may be capabJ-e of regulating the flow of blood

through the periodontal Iigament. Such a mechanism may also
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be rel-ated to the intermj-ttent and compressive pressures that

occur during mastication and therefore may weII be essential

to the vascular maintenance of the regional supportíng

tissues.
Provenza et aL. (1960) suggrest that the glomeruli act to

ensure adequate blood supply, âS a form of compensation in

the periodontium in periodontitis. The heavier walIs and

Iarqer diameters of the glomeruli, compared with capiliarj-es,

render them l-ess susceptibl-e to strangulation by dis-

orientated connective tissue fibres in periodontitis.

Provenza (L964) stated that the glomeruli are present

throughout the periodontium but he did not demonstrate their

three-dimensional structure. Hence, their interpretation

should be vi.ewed with caution.

Egelberg (]-966) and Hock and Nuki (1970, I97I, 1975)

state that the vasculature of non-inflamed free gingiva is

composed of a reqular network, and that loops develop in

response to gingival inflammation. Egelberg (7966) suggested

that venules in the crevicular plexus are more superficially

situated than venules under the vestibul-ar gingiváI

epitheJ-ium, and may be associated with the production of

gingival fluíd from the gingival crevice.

Kindlova and Trnkova (1,972) noted a rel-ationshíp between

the deqree of inf l-ammation and crevicul-ar loop formation.

However, they also observed considerable variability in the

crevicular capillary beds, and suggested that variability may

be a feature of dog periodontium.

Sims et al-. (1988), however, demonstrated the presence

of g'J-omerular structures in germ free rats in the absence of
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Ieukocyte infil-tration, which suggests that the glomeruli may

be a feature of normal healt.hy gingiva.

Since the loops of the gingival crevice in rats and dogs

are considered to comprise mainly exchangre vessels (Kindlova

and Matena, I962,' EgeJ-bê19, 1966; Nuki and Hock , 1'914; De

A1meid.a and Bohm, L979), it is possible that they may play a

rol-e ín the production of crevicular exudate.

It is interesting to note that SEM microcorrosion cast

studies of mice (Wong, 1-983) , rats (Weekes, 1983) and

marmosets have aII demonstrated glomeruli related to the

gingival- crevicul-ar epithelium, but not in the periodontal

ligament. These glomeruli were not found beneath the oral

gingival epithel-ium. Their .l-ocation suqgests that they may

pfay a rol-e in the production of crevicular exudate, âS

sugrgrested by Cimasoni (1-983). Also, the convolution of the

crevicular loops may be induced by some as yet unknown

epithelial vasogenic factors suggested by Ryan (1973b) .

The vasculature of the marmoset gingival margin was

often composed of capillary loops, although in some areas,

these Ioops coalesced to form a continuous capiJ-J-ary network,

surmounted by a single horizontaf vessel. In contrast, the

outer circular system beneath the gingival- margin in the

mouse was described as a single vessel (Wong, 1983) . Some

variabil-ity v¡as recognized by Forsslund (1959), who observed

both an anastomosis (network) pattern and a loop pattern in

healthy gingiva, with the former predominating in inflamed

gingiva. The anastomosis pattern changed to a loop pattern

when inflammation subsided folIowíng periodontal therapy.

Forssfund's observations are ín contrast wítfr those of
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Egelberg (L966 ) and Nuki and Hock ( l- 97 0 , 1-91L , I915) , vide

supra: 6.2L .

Cutright and Hunsuck (L970) and Carranza et aL. (1966)

stated that the gingiva derived its blood supply mainly from

mucosal-/supraperiosteal vessels, and received only minor

contributj-ons from the alveol-ar bone. However, they dÍd not

distinguish between the supply to the vestibular network and

that to the crevicular network of the gingiva. This

distinction is important because the crevicular and oral

gingival epithelium have very different functions.

The functional- independence of the gingival and

periodontal ligament bl-ood supplies has been demonstrated

(GoIdman , L956; Kennedy , I969) . Occlusion of vessel-s in the

periodontal ligament does not affect the blood supply of the

gingiva (Gol-dman, 1-956) and occlusion of the arterioles

supplying the ginglva does not appear to alter the bl-ood

supply of the periodontal J-igament (Kennedy, 7969) . However,

in the Iatter study, the initial- revascufarization of the

gingiva r¡/as derived from vessels of the periodontal ligament,

thus demonstrating a potential for extensíve coll-ateral

circulation to the gingíva from the periodontal ligament.

AIso, Nobuto et al-. (1987) showed that revascularization of

gringival wounds was faster from the occlusal edge compared to

the apical edge. Kennedy (L974) showed that when specific

needs arise, a compensatory bl-ood supply can be provided

easíJ-y. Thus, it can be seen that the periodontal- ligament is

important not onty for the crevicular gingiva, but for the

oral gingiva as well.

fn the marmoset, it appeared that the crevicular

gingival vasculature derived its blood supply mainly from the
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periodontal ligament and alveolar bone, whereas the

vestibular gingival vasculature derived its blood supply

mainly from the mucosal/supraperiosteal vessels approaching

occfusally from the sulcus.

This apico-occlusal supply to the vestibular gingiva is

supported by in vivo fluorescein angiography studies of

Mormann, Meier and F j-restone (I97 9 ) in human gingiva . Punch

wounds in the mandibular labial attached gingiva resulted in

ischemia onl-y in the area occlusal to the wounds.

fn the marmoset, it coul-d not be determined whether the

occluso-apicalIy orientated arterioles and venules hrere more

abundant in the mid-axial region (along the long axes of the

teeth) , ot in the mid-papillary region. Mormann et aL. (I979)

found signifícantly greater areas of ischemia resulting from

gingival punch wounds in the mid-axíal regíon than in the

mid-papillary region. Thls suggests that the mid-axial region

has less potential for collateral circulation and

revascularlzation. This is not surprising, since anastomoses

exist between the mid-papiJ-1ary vessels of the buccaf and

lingual interdental papilJ-ae, via bucco-l-ingually orientated

vessels of the interdental col.

Nobuto et aL. (1987) also showed that revascularízation

of denuded bone arose from the subpapillary plexus of

adjacent tissues, with the supraperiosteal network developing

later, and contributions from the alveolar bone via Volkmann

canals occurring much later. This emphasizes the j-mportance

of the subpapillary and supraperiosteal- network in the repair

of qingival wounds.

Studies of the revascularization of gingival tissues

followíng gingivectomy in the dog suqgest that blood vessels
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of the períodontal Iigament play t.he most important role in

the blood supply f or newJ-y formed gingivae (Watanabe and

Suzuki, 1963; Cutright, L969) .

Accordingr to Stahl (1965), epithelialízation of gingiva

occurs from 4-9 days after surgery. This period corresponds

approximately to the formation of the first mature capiIJ-ary

loops found by Cutright (l-969) . Cutright suggested that the

gingival epitnelium plays an important role in the maturation

of healíng capillary loops.

The occluso-apical orientation of the capillaries,

arteriol-es and venules on the vestibular aspect of the

marmoset gingiva sugqests that surgical incisions in the

gingiva should also be occluso-apicalIy orientated, to

minimize disrupt.ion of the bl-ood supply to the gingiva.

AIso, since arterioles branch as they ascend apico-

occlusally, buccal flaps should have a broad base. This will

ensure better blood supply and maintain the viability of the

flap (Mormann and Ciancio, L977) .

Cutright (1969) described the blood supply from the dog

alveol-ar mucosa running anteriorly and occIusally, giving off

branches to the gingiva. However, he did not mention the

orientation of the capillary network or define the regions of

the mouth where this anterior-occlusal orientation applied.

The antero-posterior orientation of the network in the

alveolar mucosa of the marmoset $¡as also reported for the

macaque monkey (Cutright and Hunsuck, L970), and the dog

(Kishi et âf., 1986a). However, in the latter study, they

found capillary loops in the afveolar mucosa, which r¡Iere low

in height and few in number. In the marmoset, capillary loops

\^rere not found in the alveolar mucosa in the premolar-molar
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regions. This may be related to the function of the al-veolar

mucosa epithelium, which is not as exposed to masticatory

shearing' forces as the gingival epithelium.

Karríngr and Loe (1970) described the connective tissue

at the human gingival margin as arranged in parallel rows of

short papillae or ridges when these papil-1ae fused. In the

present investigation, the loop arrangement below the

gingival margin was seen in clinicaJ-Iy healthy gingivae as

well-, and may represent anatomic variatíon rather than an

inflammatory change. However, according to Hock and Nuki

(L91l.) , once transformed, the gingival vessels do not revert

to their original network arrangement, despite the resolution

of inf l-ammation. They suggest that when J-oops are found, it

indicates current or a previous episode of inflammation.

The interdental col vasculature

The interdental- col- area in the marmoset had capillary

loops of varying pattern ranging from simple hairpin loops to

complex branching 1oops. However, Weekes and Sims (1986b)

found most of the J-oops were glomerul-ar-1ike, complex,

twisted vascular loops in rats.

Kindlova and Matena (1962) stated that the interdental

col- of the rat molar reqion is supplied only by coiled loops

of the periodontal ligament. They said that the gingival

pJ-exus does not reach into the area bel-ow the contact point

of adjoining teeth. In contrast, Garfunkel and Sciaky (1971)

reported blood suppJ-y to the col region as being derived from

the tingual and buccal periosteal blood vessels, âs wel-l as

from both the adjacent períodontal network. Boyer and Neptune

(L962) , Folke and Stal-lard (1'9611 , and Kennedy (1'97 4 ) also
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blood wessel-s coming f rom the crestal

In the marmoset, gingival loops coul-d be seen extending

into the col- area. The arterial supply to the col- arose f rom

the gingival plexus of the buccal or lingual interdental

papiIlae. Loops extended into the connective tissue papillae

of the l-amina propria, âs in the palate. The multiple source

of blood supply ensured viability of the col tissue.

A tract of capillary vessel-s coul-d be seen running

mesio-distally in the primate space between the upper lateral

incisor and canine. This interesting feature needs to be

investigated further.

Periodontal liqament vasculature

The periodontal- Iigament vessels in the monkey rrere

composed maín1y of occluso-apically orientated postcapilJ-ary-

sized venufes, 20-35um in dj-ameter. Simil-ar axial orj-entation

of the periodontal ligament plexus is also found in rats,

mice, hamsters, guinea pigs, cats, dogs, macaque monkeys and

man (Garfunkel and Sciaky, I97L; Nakamura et â1., 1983;

Weekes, 1983; Wong, 1983; Carranza et âf., L966,' Goldman,

I956,' Kj-ndlova and Matena, L962; Kindlova, l- 965 , L961a,

1-961b; Castel1i, 1963,' CasteIli and Dempster , 1965; Rohen et

âf . , 1,98 4,' Hayashi, L932) .

The predominance of venous vessels in the marmoset

periodontal- ligament microvascular bed is supported by

studies in the rat (Weekes and Sims, I9B6a), mouse (Wong and

Sims, L9B'7) , rabbit. and macaque monkey (Rohen et âf ., 1984) .

Freezer and Sims (1987) found that in the mouse, 88% of

the total- periodontal vascular pool 'hras contained in
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postcapiJ-Iary-sized wenules. Capillary-sized vessels, on the

other hand, contained 12* of the periodontal- bl-ood volume. No

postcapillary-sized wenules $rere found in the tooth-third of

the periodontal ligament.

The main periodontal ligament wessels in the marmoset,

20-35um diameter, hrere generally larger than the 2l-um

diameter vessels found in the mouse molar (Wong and Sims,

1987) . A higher proportion of J-arqer diameter vessels was

noted in the apical third of the marmoset ligament. Kindlova

and Matena (I962) also observed that vessels were larger

towards the apex. This was not surprisíng, since the

periodontal J-igament venules drained in an occluso-apical

direction.
Arterioles ï/ere less abundant in the periodontal

ligament, and could be found on both sides of the venous

network. This is in contrast to the f indings of V'Ieekes and

Sims (198 6a) , who cl-aimed that arterioles h¡ere not found

coursing in the ligament on the buccal-, lingual and proximal

walls of the socket. In the rat, arterioles perforating the

cribriform plate from the marrow space immediately drain into
postcapillary-sized venules, orientated occluso-apicalIy.

Arterioles were clearJ-y demonstrated in the marmoset

periodontal- ligament and, although not numerous, were

certainly not uncommon.

The I j-gament vessel-s in most areas ín the marmoset

formed a network, but in some areas, they were arranged in a

palisade. A network arrangement was al-so described for the

mouse (Wong and Síms, 1987) and the macaque monkey (Kindlova,

1965) . In the rat, however, the ligament vessel-s are arranged

in palisades or longitudinal tracts (Kindlowa and Matena,
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1962; Weekes and Sims, L9B6a) . The functional significance of

the type of arrangement is not understood.

According to Weekes (1983), there is no capillary bed

between the arter j-ol-ar supply and the venous side of the

periodontal ligament circul-ation. In the marmoset,

capill-aries were not so numerous as to form an extensive

capillary bed. However, a capillary bed could be observed in

the apical region, sítuated closer to the alveolar bone than

the venous network.

Perforating branches from the alveolar wall seen in the

rat (Garfunkel and Sciaky, L97L; Weekes, l-983), mouse (Wong

and Sims , 1,98'7) , squirrel monkey (Folke and Stallard, L961')

and rhesus monkey (Kind.lova, 1965,'Castelli and Dempstér,

L965) , t¡ere also seen in the marmoset. Anastomosis of

periodontal Iigament vessels with medullary vessel-s also

occurs in the rabbit, the opossum (Boyer and Neptune, L962) ,

the hamst.er, the guinea pi9, the cat and the dog (Carranza et

âf., L966) .

It coul-d not be ascertained whether the periodontal

Iigament network vras closer to cementum or to bone in this

study. Carranza et al-. (L966) state that the periodontal

ligament plexus in rats, mice, hamsters, guinea pigs, cats,

and dogs occurs closer to bone. Kindlova (1,965) , Folke and

Stal-lard (I967 ) and Levy et al-. (I972a) al-so state that the

periodontal ligament plexus is cLoser to bone in macaques,

squirrel monkeys and marmosets, respectively.

Khouw and Goldhaber (]-970) , in a study of rhesus monkeys

and dogrs, said the middl-e third had the greatest vascularity

and the tissue next to the bone was more vascul-ar than that

lining the cementum. This findlng rnlas confirmed by
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Douvartzidis in 1984 in her morphometric study of the

marmoset mol-ar periodont.al Ìigament vascul-ature. Douvartzidis

(1984) and Gotze (I976) found the vascular proportion to

increase apicalIy. This change correlated with an increased

number of larger diameter vessels, and cl-oser packing of

vessels in the apical third in this study. However, the

increased vascularity does not show a constant trend from the

coronal to the apical end, as shown by Sims (1987b) in the

mouse.

Anastomoses between the periodontaJ- ligament vessefs and

the gingival network have been reported by Hayashi (1932),

Kindlova and Matena (\962), Kíndlova (1965), Castel-Ii and

Dempster (1965) , Levy et al-. 1l'972a), V^Ieekes (1983), Wong

(l-983) and others. These anastomoses were also seen in the

marmoset, although Carranza et a1. (1966) stated that

anastomoses h¡ere rare in the varlous laboratory animals that

they studied (vide suPraz 6.1-6) .

The principal vessels of the periodontal ligament

communicate with each other by lateral branches (Kindl-ova and

Matena, L962; Kindlova, 1965; Castelli and Dempster, 1,965;

Carranza et â7. , 1966; Garfunkel- and Sciaky, 791I,' Kishi and

Takahashi, 1-917) . Weekes and Sims (1986a) reported few

connecting branches between the principal vessels of the rat

periodontal ligament. However, in this study, the principal-

vesseLs were seen to communicate frequently as they traversed

the periodontal- ligament. The multiple anastomosis pattern

may be important in the re-distribution of blood when the

tooth is under functional loadíng.

In the marmoset, loops in the cervical- third of the

ligament did not show any coil-s and were basically hairpin



6.31

shaped and directed towards the root surface. Ryan (1973b)

suggests that the epithelium has an infl-uence on vessel

formation and maturation. It is possible that the Ioops may

be associated with epithelial- ceLl rests of Malassez which

have invoked a vascular response. The rests of Mal-assez show

different patterns of distribution with increasinq age

(Schroeder, 1986) . Howeverr oo difference was noted between

the young and o1d animals in the distribution of capillary

Ioops. This association needs to be further investigated.

Hairpin loops are also found in the rat molar

periodontal ligament in the coronal third and apical regions

(Weekes and Sims , I986a) and in the mouse mol-ar periodont.al

ligament in the mid-third region (Wong and Sims, I987) .

However, Vriong and Sims (1987 ) did not ill-ustrate the loop

pattern or mention their height. They did not explain the

sígnificance of these Ioops.

The annular constríction found in the periodontal loop

(5.49/fig. 39) may be artifactual or due to the action of

sphj-ncters, as suggested by Duvernoy et al- . (1- 981) , víde

supra: 6.7 . Nuclei imprints were not observed near the

constriction. The location of the constriction in a venular

segment suggests that it r¡tas an artifact.

fn the marmoset interradicufar region, a Ioose venous

network could be seen. This network continued with the

periodontal ligament network down the root, and extended

taterally to join the cervical part of the periodontal

ligament network.

Large capacj-tance venous vessels cal-l-ed venous ampuTTae

hawe not been found in the monkey. The interradicular ampuJ-Ia

was first described by Sims (1987a) in the mouse mandibular
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moÌar and demonstrated in corrosion cast studies in the mouse

(Wong and Sims, LgB7) .

The periodontal ligament vasculature examined thus far

was only from the premolar and mol-ar sockets. There was no

major difference between the periodontal ligrament of the

upper and l-ower premolars and mol-ars. It will be interesting

to see if the Íncisor and canine periodontal Iigament

vasculature show the same arrangement. As these sockets have

not been sectioned Yet, a comparable study cannot be

presented.

Relationship of paPillarv looPs to the connecÈive tissue

papi]-lae:

Prevíous stud.ies of oral vascufature have failed to

relate the vascul-ar architecture to the contour of the

epithelial-connective tissue interface (Wonq, 1983; Weekes'

L983,. Kind.Iova, f 965; Takahashi et âf . , 1985) . The contour of

the oral- epithelial-connective tissue interface was recently

reviewed by Sloan and Soames (1984) . A cfose association

exists between the topogrraphy of the epithelial-connective

tissue contour, and the subepíthelial vasculature architec-

ture. This feature was observed by Folke and Stallard (1967)

in monkeys. According to Stablein and Meyer (L984) , spacing

of capillary loops varies with the spacing of the connective

tissue papillae. The height of the loops is also dependent on

the height of the papitlae, and roughly proportional to the

thickness of the overlying epithel-ium.

The configuration of the marmoset palatal loops

corresponds to the connective tissue papill-ae in the human

and. rhesus monkey hard palate, which are also sagittal-ly
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orientated (Klein-Szanto and Schroeder, L977; EmsIie and

Weinmann, L949). In the hamster hard palate, the connective

tissue papillae are arranged in a series of undulating, long,

narrow, paral-IeI ridges aligned sagittally (Wysocki et â1. ,

1,918) . However, ño comparative SEM microcorrosion cast

stud.ies have been done in the hamster. The significance of a

sagittal orientation is not understood.

Klein-Szanto and Schroeder (1911 ) have demonstrated that

the terminal part of the connective tissue papil-1ae in the

human hard palate may be bentr or twisted al-ong its long

axis. This bending and twisting vlas also reflected in the

marmoset papilJ-ary vessel loops. These authors did not find

any difference in papillary morphology between the midline

and the lateraÌ parts of the palate. However, in the

marmoset, the Sagrittal orientation of papillary wessel loops

was less deflnite near the tooth sockets. This may be due to

species differences.

Emslie and Weinmann (I949) found a connective tissue

papitlary density of 200 per mm2 for the rhesus monkey hard

palate whj-1e KIein-Szanto and Schroeder (L917) reported a

papil-Iary density of 1-I4 + 1,6 per mm2 for the human hard

palate. In comparison, the capillary loop densíty v¡as about

2OO-270 per mm2 on the rugal crest, '75-L60 per mm2 on the

rugal sJ-opes, and 70-1,40 per mm2 in the trough area of the

marmoset. A higher density of loops on the rugal crest may be

related to nutritive and functional factors (víde sup¡-ai

6.L2) .

Stabtein and Meyer (1984) found the capil-lary length

withj-n 50um of the overlying epithelium in the rat palate to

range from 44um per 100um length of epithelial surface in the
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inter-rugal area, to 95um per 100um in the rugal- area. Loops

in the marmoset hard palate r¡Iere lonqer at the rugal crest

than in the inter-rugal area. Thís finding agrees with that

of Cut.right and Hunsuck (1970) for the macaque monkey.

In the marmoset palate, the papillary vessel J-oops

ranged from 10-250um. By comparison, the connective tissue

papillary height in the human hard palate is about 190um

(Klein-szanto and Schroeder, 1971) .

According to Klein-Szanto and Schroeder (I91'7), the

connective tissue papiltary density is Ll-9 + 21 per mm2 in the

human buccal attached gingiva and 46 + l-B per mm2 ín the

alveolar mucosa. The connective tissue papillae were about

170um in height in the buccal attached gingiva, and about

165um in height in the alveolar mucosa. The afveofar mucosa

papillae were described as being aligned in parallel rows,

sometimes situated on longitudinally running ridges. The

orientation of the alweolar mucosa papill-ae was not

specifically mentioned, but was assumed to be antero-

posterior.

In comparison, capillary loops ranged from 40-l-20um in

the buccal- gingiva, with increased height towards the

gingiwal margin in the marmoset. No well-defined loops were

found in the alveofar mucosa, but vessefs vlere aligned

antero-posteriorly.
In the marmoset, the most apical vessels beneath the

crevicular epithelium in the gingiva formed a circular plexus

around the tooth, in close assocíation with the epithelial

attachment. Emslíe and Wej-nmann (L949) , in tissue separation

studies of the rhesus monkey, described the junction of the

epithelial attachment with its connective tissue as a smooth
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narrow strip. Further coronarly, the epitheriar surface was

pitted, due to the papillae arranged paralJ-e1 to the long
axis of the tooth. This smooth epithelial-connective tissue
contour at the epithelial attachment corresponds to the
contour of the circular plexus found in the marmoset.

Ooya and Tooya (1981) studied the human gingival
epithelium-connective tissue interface after separation,
using the sEM. They demonstrated long conical papil_lae under

the crevicular epitherium, orientated al-most paral_rel to the
long axis of the tooth. This configuration corresponds to the
orientation of the crevicular loops found in this study, and

supports the finding by Karring and Loe (l-970) of connective

tissue papil-1ae orientated parallel to the crevicular
epithel-ial surface.

Nobuto et al. (f 987) and Kishi et al_. (1986a) did not
mention the orientation of the capillary network in the
buccal gingiva in dogs. Examination of the illustrations of
Kishi et aL. (l-986a) did not show any particular orientation.

The connectiwe tissue ridges in the hamster gingiva are

narrow and undulating, with a pronounced orientation, the
direction of which Wysocki et aL. (LgjB) did not specify.
Neither did they mention the heigrht of the ridges. ooya and

Tooya (1981) showed a distinct antero-posterior orientation
in the human free gingiva]- epitheÌia1 ridges whereas a

honeycomb pattern v¡as present in the attached gingiva,
without any particular orj-entation.

rn the marmoset, the buccal gingivar vascurat.ure

exhibited a horizontal- orientation bel-ow the gingivar marg.j_n,

but showed an occl-uso-apical orientation of capillary loops

found further from the gingivar margin. Emslie and weinmann
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(I949) hawe shown that the connective tissue ridges run

paralleJ- to the gingival margin in the free gingiva, and run

wertically/occluso-apically in the attached gingiwa. In the

human, the connective tissue ridges in the free gingiva also

run parallel to the gingival margin (Ooya and Tooya, 1981) .

Comparative tissue separation studies in the marmoset gingiva

wíl-l help to substantiate the findings in this study.

Àqe changes

Ryan (1973a) notes that in o1d dgê, the connective

tissue papil-Iae shorten, papil-lary vessel- loops are reduced

or may even be absent, and a dilated subpapilJ-ary plexus may

be the only vessel supply. The skin of some old people may

have areas in which no vessels can be detected in the upper

dermis. Several authors have described arteriosclerotic

chang'es ln the blood vessels as a result of ageingr (Grant and

Bernick, 1,970; Levy eû âI., L972b). It is possible that the

marmoset palatal subepithel-ia1 network failed to cast

completely in the older animals because of these changes.

No other age differences could be observed in the oral

microvasculature from the l-imited number of animal-s used.

Suggestions for future research

The advantages of the SEM microcorrosion cast technique

have not been fully exploited in vascular studies of the oral

structures.
There have been no adequate studies of the normal-

temporomandibular joint vasculature and soft palate

wascul-ature using this t.echn j-que. The microcorrosion cast

technique would also be useful in embryoÌogical studies in
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investigating vascular formation duringr craniofacial

development, and the role of the vascul-ature in the

pathogenesis of experimentally induced clefts of the palate.

The changes in the vascular architecture associated with

root resorption have not been evaluated three-dimensionalJ-y.

Also, there is a lack of knowledge of the changes in the

microvasculature foIJ-owing experimental trauma (incisions,

excisions, burns, fractures), periodontal disease, aqeing,

induced neopJ-asia and following tooth extractíon or

replantation.
Revascularization of healing gingival wounds is found to

arise from subepithelial capillaries of adjacent tissues, and

is f aster f rom the gingrival margin than f rom the al-weol-ar

mucosa or bone (Nobuto et âf., 1987). Howeverr Do three-

dimensional studies have been conducted invest.igating the

revascularization of the periodontal ligament and gingiva

foJ-lowing pericision. These areas provide ample opportunity

for future research.

An understanding of the epithelial-connective tissue

interface topography will help in the interpretatíon of the

subepithelial vascular network. The dewelopment of a

technique for quantification of microcorrosion cast

dímensions, areas, and vol-umes, wiJ-1 be a major contribution

to microvascular research.
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1.r
CONCLUSIONS

l-. The palatal vasculature consisted of a series of

papillary Ioops orientated sagittally. Papillary loops

projected from a flat subpapillary network into the

connective tissue papillae. On the crests of the rugae,

the J-oops $/ere aligned to form a well-delineated spine,

but did not interconnect at their peaks. The subpapillary

network formed a canopy over an underlying venous

network, which lacked a definite orientation. Arterioles

were less commonly found, and tended to lie deeper than

venules of corresponding size.

Ring vessels were found in the soft palate associated

with the ducts of minor salivary glands. These ringr

vessels may have a role in the secretory function of the

salivary gland.

In the gingiva, a plexus of circularly arrangred vessels,

10-25um in diameter, encircled each tooth beneath the

crevicular epithelium, at the Ievel of the epithel-ial

attachment. The circumferential arrangement of the

circular plexus, and its anastomoses with the periodontal

ligament and gingival vessel-s, ßây be important in the

re-distribution of blood when the tooth is under

functional- load.

4. Crevicular loops arose from this circufar pÌexus,

extending occlusally. They $¡ere found on the mesial,

distal, buccaì- and lingual aspects. There was some

variation in the crevicular l-oop pattern.

between the vasculature on the crevicular

3

5 A gap

s ì-de,

was

and

found

that on the orallproximal side of the gingiva
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However, anastomoses

leveI.

1)

occurred across the gap at a deeper

Vessels in the gingiva anastomosed with those of the

periodontal ligament and the palate. Anastomoses were

also found between the gingival, periodontal ligament and

meduIJ-ary vasculature. These anastomoses were important

sources of collateral blood supply, for example, in the

revascularization of gingival wounds from periodontal

ligament vessels.

The vestibul-ar gingival vasculature r^tas composed of

occluso-apicaJ-ly oríentated papillary Ioops. These Ioops

drained into similarly orientated venules lying at a

deeper level-. Arterioles ran apico-occlusally towards the

ginqival margin. Surgical incisions in the vestibular

gingiva should therefore be orientated occluso-apicalIy

to minimize disruption of the blood supply.

7

8

9

The capil-Iar j-es in the buccal

antero-posterior orientation.

found ín the alveolar mucosa.

alveolar mucosa had an

No distinct loops were

The interdental- coI

Iingually, draining

network.

consisted of loops

into a similarly

orientated bucco-

orientated venous

10. The periodontal- ligament vasculature was an occluso-

apicalJ-y orientated network. In the cervical and middle

thirds, the microvascular bed was composed mainly of

postcapillary-sÍzed venules, 20-35 um in díameter.

Capillaries and arterioles were l-ess common.
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rz.

1)J-J.

1¿.

Arterioles ran

branches, and showed

more sinuous course,

varying diameter.

An age-related

vasculature. Age

from the l-imited

1')t.J

a straighter course, had few

a constant diameter. Venules ran a

had more branches, and possessed a

Capillary loops were found in the cervical third of the

periodontal ligament., but not in the middl-e and apical

thirds. A relationship of periodontal ligament capillary

loops with epitheliaJ- rests of Malassez was postulated.

A cl-ose relationship was found between the contour of the

epithelial-connective tissue interface and the sub-

epithelial vasculature architecture. An understanding of

the rel-ationship is ímportant in studies of the micro-

vascular bed.

díf ference vras noted in the

changes in other sites were not

number of animals used.

palatal-

observed

Species differences with the mouse, rat, dog and macaque

monkey hrere discussed. These differences may be important

in understanding vascular function in the oral- cavity.

AIso, the considerable variation in vascular morphology

between animals, and within the animal- in different sj-tes

of the mouth, suggest caution in the interpretation of

microvascular studies.
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CIIÀPTER 8 .ã,PPENDIX

Àppendix 1: Chemical reagents and supPliers

Di-sodium

N.S

Ilford film and print developer and fixer

Mobberley, Cheshire, England, U.K. ) .

hydrogen phosphate, NarHPO4 (Ajax Chemicalso Sydney,

W., Australia) .

Glutaraldehyde (Bio-Rad, P.O. Box 33, Hornsby' N"S"l¡J

Australia) .

Heparin (Heparin sodium injection B.P. Mucous, GJ-axo Australia

Pty. Ltd., Mountain Highway, Boronia, Victoria,

Australia) .

Hydrochloric Acid (BDH Chemicals Australia Pty. Ltd.,

Victoria, Australia) .

(Ilford Ltd. r

Mercox (Vilene Hospital- Ink and Chemical Co. Ltd., Toltyo..

JaPan) .

Osmium tetroxide (Johnson Metthey Chemical-s Ltd.,

Hertfordshire, Eng]and, U.K. ) .

Pancreatin (Stansens Scientific & Surgica] Divisions, 3, Iie::cy

Court, Adelaide, S.4., Australia) .

Papaverine hydrochloride injection 1'20 mg/I0 ml- (David Bul1

Laboratories Pty. Ltd., Victoria, Australia) .

Polyvinylpyrrolidone M.W. 40, 000 (Polysciences, Tnc.,

Warrington, PA 18976, U. S.A. ) .

Potassium hydroxide (Analytical and Research Chemical- Co. ,

AdeIaide, Australia).



Saffan anaesthetj-c injection (Glaxovet, G1axo Australia Pty.

Ltd., Mountain Highway, Boronia, Victoria, Australia) .

Silver Dag (Acheson Colloids Co., Prince Rock, Plymouth,

England, U.K. ) .

Sodium chloride (Ajax Chemical-s, Sydney, N. S.W Australia) .

Sodium dihydrogen orthophosphate, NaHrPOq (Ajax Chemicals,

Sydney, Australia).

Sodium hypochlorite (Ajax ChemÍcals, Sydney, N. S.W.,

Australia) .

Sodium nitrite crystaJ- (,:. T. Baker Chemical Co.,

Phillipsburg, N. J., U.S.A.).

Appendix 2: Equipment and materials

Ilford FP4 B & W film (Ilford

England, U.K. ) .

Il-ford Ilfospeed photograPhic

Cheshire, England, U.K. )

Ltd., Mobberley, Cheshire,

paper (Ilford Ltd., Mobberley,

Membra-Fil membrane fílter (Johns-Manwille, Canada) "

Polyethylene tube, Medical

Engineeritg, Dural' N

Inner dí ter (mm

8.2

(Dural Pl-asl-ics and

Australia) .

Outer diameter (mm)

0.61_

0.96

1.21

1 .70

grade

S.W.,

SP

SP

SP

SP

r_0

45

6L

95

0.28

0.58

0.86

L.20



S i Iast ic,

8.3

Medical grade tubing (Dow Corning Corporation

Medical- Products, Midland, Mj-chigan, U. S.A. 48640)

Inner diameter (in.) Outer diameter (in.)

Stereowiewer "Geoscope "

Road, St. Peters,

0.r2s

0 "r92

(Instrument SuppJ-y Co., I'7'7 | Payneham

S.4., Austral-ia) .

602-285

60L-325

0 .062

0.104
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