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SUMMARY

Many investigations have reported upon the periodontal vasculature and tissue

healing following gingivectomy. However, comparison of normal and post surgical

vasculature was found to be poorly described. Therefore, the present study has observed

dimensional changes in microvasculature of rats, using scanning electron microscope

stereopair images for the first time. Although, pericisions have been performed on

transseptal fibers to decrease potential relapse after orthodontic tooth movement, the

problem remains as to how the microvasculature reunites following surgical injury. The

first investigation on the vascular rearrangement after pericision using the corrosion casting

technique and SEM stereopair viewing has been reported in this present study as well.

This project has been conducted to determine the normal and postoperative

morphology of the periodontal microvasculature after gingivectomy and pericision" Male

Sprague-Dawley rats at the age of &[ days were separated into 3 groups and organized into

control, gingivectomy and pericision procedures to assess revascularization of the maxillary

and mandibular first molar periodontium. After a period of 2 weeks, 4 weeks and 12

weeks, the rats were sacrificed and prepared for perfusion casting. Then blood was washed

out with washout solution and l7o glutaraldehyde in a 0.1 M phosphate buffer (pH 6) was

introduced to act as a fixative. Then Mercox resin was injected and allowed to completely

polymerize. The animals were beheaded and placed in LOTo HCL to decalcify hard tissues.

After a period of 3-4 days, specimens \ryere trimmed away to suitable size and placed in lOTo

KOH in3'7'incubator to macerate the soft tissues. After the tissue corrosion, the casts were

rinsed and soaked in distilled-water, to which was added a few drops of detergent, and then

allowed to dry in the air. Dry, clean casts were mounted on aluminium stubs and painted

with Silver dag"

The corrosion casts were rendered conductive using osmium tetroxide vapour and

gold coating and the Philips XL 20 scanning electron microscope (SEM) was used to
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examine the casts. Three-dimensional imaging and stereopair viewing were selected to

clarify the microvascular morphology of

The present findings showed a distinct layer of blood vessels located close to the

crevicular epithelium was regularly observed in the buccal, palatal or lingual and mesial

aspects of the maxillary and mandibular first molar sockets of the control group. This layer

consisted of a continuous capillary network or hairpin-like loops, ranging from 8-12 ymin

diameter and 100-300 ymin height. At a more apical level, twisted loops were also present

encircling the tooth socket and were particularly frequent in the interproximal area. These

vascular formations mea.sured from 50-150 ymin height and 8-15 ymin diameter.

Vessels of the normal gingival crevice communicated with the periodontal ligament

vessels and were associated with a row of short hairpin-like loops. These loops were

identified as the periodontal loops, ranging from 30-60 ¡tmin height.

Two weeks after gingivectomy, the first appearance of proliferating vessels occurred

as buds or sprouts from the cut ends of the capillaries. These sprouts could be seen as two

or more proliferations from each blocked end. No evidence of twisted or glomerular-like

loops was present. The proliferating vessels anastomosed with each other and neighbouring

vessels at four weeks postsurgery. The twisted or glomerulus-like loops had still not yet

become apparent at this perid.

After twelve weeks of healing, the new capillary loops completely surrounded the

sockets with the same height (100-300¡m) as the controls, but were of greater diameter

(10-15 ¡m). These capillary loops formed an irregular orientation with variable length.

However, the density of these loops was found to be less than that of the control group.

Twisted or glomerulus-like loops were also present encircling the sockets, being particularly

frequent in the interdental area and representing more complex structures than those of the

normal gingivae. However, these loops were still not found in some repairing areas.

At two weeks after pericision, it was found that proliferating vessels occurred as

sprouts or buds from the cut ends. By four weeks after surgery, these regenerations

continued to the number and length of the capillaries. Some of them began to anastomose
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with each other and the nearby vessels at this perid of time. Further, the revascularization

was accomplished with the new capillary vessels connecting with the vessels across the

floor of the wound, re-forming the normal network at twelve weeks after surgery.

It was concluded that the normal gingival vasculature of the control group in the

present study comprised similar structures to those reported in previous studies, but the

sulcular vasculature was noticeably different. There was a row of short hairpin-like

periodontal loops at a lower level of the twisted and coiled loops surrounding the tooth

socket and connected with the periodontal ligament vessels.

The reorganization of the vasculature after gingivectomy was not quite the same

anatomically as in control animals. Moreover, it could leave scar tissue formation.

However, twelve weeks may not be long enough to see complete reconstitution.

Meanwhile, pericision seems to leave minimal damage with normal vascular patterns

essentially restored by twelve weeks.
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CHAPTER 1: INTRODUCTION

Most surgical procedures employed as an adjunct to orthodontic treatment

involve techniques which incise or excise all or part of the existing dentogingival

tissues. It is useful for orthodontists to know the healing process after gingivectomy

and pericision so that it can be deûermined when the healing process is completed and the

teeth can be moved safely. Moreover, it is important to know whether permanent

damage might be caused to the gingival tissues. During and subsequent to surgical

trauma the blood supply of gingival tissues is critical to their healing.

Previous reports have used various methods to study the arrangement of the

gingival and periodontal blood vessels. It is necessary to provide structural information

on the oral microv¿rsculature as a prerequisiæ to understanding its physiologic function.

The periodontal vascularization has been reported in different laboratory

animals (Boyer and Neptune, 1962; Cananza et al., 196), including mice (Avery e/

al., 1975; Sims, 1977; Wong, 1983; Wong & Sims, 1987), rats (Kindlova and

Matena, 1959,1962; Bernick, 1960,1962; Cernavskis and Hunter,1965; Heulke and

Castelli, 1965; Kindlova, 1963,1965b,1967,1968, and I97O; Garfunkel and Sciaky,

l97l; Hodde et al., 1977; Iwaku and Osawa,1979; Hodde, 1981; Nakamura et al.,

1983; Weekes, 1983; Weekes and Sims, 1986), dogs (Cohen, 1960; Egelberg, 1966;

Soloview, 1970; Nuki and Hock, 1974: Kishi and Takahashi, 1977; Hock, 1979;

Takahashi et a1.,1985; Nobuto et aL.,1989), monkeys (Kindlova, I965a; Castelli and

Dempster, 1965; Folke and Stallard,l967;Kennedy, 1969; Kennedy artdZander,l%9;

Kennedy, 1974; Lee, 1988; Lee et al.,I9%J), and in man (Forsslund, 1959: Castelli,

1963; Griffin, 1965; Birn, 1966; Saunders and Rockert,1967).

This investigation used the rat maxillary and mandibular first molar as the

experimental models. The rat was chosen because of its ease in handing and because the

maxillary and mandibular first molars are claimed to resemble human molars both

morphologically and functionally (Schour and Massler I97l).

fr
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This project involved a scanning electron microscopic (SEM) study of

microvascular corrosion casts of the maxillary and mandibular first molars under the

conditions of the rrcontrolrr compared with the "gingÍvectomy and pericisionil

sites. The corrosion cast technique produces a three-dimensional replica of the blood

vessel lumen. SEM investigations using corrosion casts have been described by

Murakami (L971), Gannon (1978); Hodde and Nowell (1980), and Lametschwandtner

(1e84).

This investigation aims to study the revascularization of the gingival wound after

gingivectomy and pericision of rat molar teeth using SEM corrosion casting techniques.

Comparison with normal microvascular morphology and similar recent studies will

enable the effects of these commonly used clinical procedures to be evaluated and related

to clinical orthodontic practice.

¡
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CHAPTER 2: PROJECT AIMS

This project is an investigation into the vasculature of the rat molar periodontium

after gingivectomy and pericision using Mercox resin vascular casts in the SEM.

THE PRINCIPAL AIMS OF THIS INVESTIGATION WERE:

1. to study the morphology of microvascular changes in the rat molar

periodontium after gingivectomy and pericision.

2. to compare normal microvascular morphology with the injured

microvasculature.

3. to study gingival revascularization over periods of 2 weeks, 4 weeks, and 12

after gingivectomy and pericision.

4. enable the effects of these commonly used procedures to be evaluated and

related to clinical orthodontic practice.

5. to compare the results with similar recent studies.
T
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CHAPTER 3 : LITERATURE REVIBW

l,l
!

The vascularization of the periodontium in various animals has been reported by

many investigators using many methods. In addition, the microvascular changes after

tissue injury have been reported. However, the accuracy of the microvascular changes

in the rat molar periodontium after gingivectomy and pericision remain a deficiency.

This chapter consists of a brief review of vascular anatomy, the vascular system, and

vascular classification, including periodontal vasculature of various animals and

humans. A brief summary and discussion of gingivectomy and pericision procedures is

included.

VASCULAR ANATOMY OF THE RAT

The anatomy of the vasculature of the rat will be highlighted as it relates to the

present research project.

The internal carotid artery is a relatively more important artery in the rat than in

man. This artery enters the posterior lacerated foramen with the internal jugular vein.

Branches of the external carotid artery are shown in Fig.l. The three jugular veins in

the rat differ markedly in relative size from those of man (Farris & Giffith, I97I).

1. The external jugular vein is the main vein of the neck in the rat, being

exceedingly large. It is made up of anterior and posterior facial veins. It runs

posteriorly along the boundary between the sternomastoid and clavotrapezius muscles,

crosses the middle of the clavicle superficially and unites with the axillary vein to form

the subclavian.

2.The internal jugular vein is relatively much larger in man. It is so small in the

rat because it has no communication with the anterior and posterior facial veins. It is

made up of tributaries from the occipital and interior petrosal sinuses. It leaves the skull

and crosses ventral to the carotid artery to unite with the subclavian vein to form the

vena cava superior.

I

I
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3. the thoracic lymph duct opens into the left subclavian vein at its junction with

the internal jugular
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F,ig.1. Branches of the External carotid Artery and Tributaries of the External and

Internal Jugular veins of the rat (From Faüis & Griffith, l91l).

Blood circulation of the rat

Blood circulation in the mt is a closed system of vessels which consists of:

Arteries carry blood from the heart. The arterioles are the finest branches of

the arteries and open into the capillaries. The wall of arteries contain smooth muscle

fibres and elastic tissue which maintain plessure on the blood. Blood plessure in the

main afterios of ths lat is between 90 to 101 mmHg, and as in man, tends to increase

with age.

Veins caüy blood towards the heart. The venules are the finest tributaries of

the veins. The wall of the veins is much thinner than those of the arteries. Veins have

valves at intervals along their length to prevent backflow of blood.

þ
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Capillaries form networks and they have very thin walls which are suitable for

diffusion of materials from the blood (Rowett, 1958).

CLASSIFICATION OF BLOOD VESSELS

Classification of blood vessels based on their position within a vascular tree can

be made relatively easily by using SEM vascular corrosion casts. The method of

classification is ba^sed on either ultrastructure or architecture.

Vascular ultrastructure

Rhodin (1967, and 1968) demonstrated the ultrastructural differentiation of

arteries through capillaries to veins using ultrastructural examination. Some of his

findings relating to internal vessel diameter are shown in Table 1.

Table L. Internal diameter of the vessels of the rabbit skin (From Rhodin, 1967,

1968).

Furthermore, Hodde et al. (1977) and Hodde (1981) reported that arterial

endothelial cells had oblique-shaped, ovoidal nuclei and microvillous protrusions while

the venous endothelial cells had circular nuclei and were surrounded by irregular cell

borders, no microvillous protrusions and more rounded bases. However, the

50-100 7zm

Less than fl 1tm

7-I5 pm

up to 8pm

8-3O ym

30-50;.rm

100-300 ¡zm

a Arteriole

Terminal arteriole

Precapillary sphincters

Venous capillary

Postcapillary venule

Collecting venule

Small collecting vein

a

a

a

a

INTERNAL DIAMETERVESSEL
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endothelial cells became more flattened, changing from a lancet-like shape with their

long axis parallel to that of the vessel to a more disk-like shape (Wolff lg77).

A relatively accurate classification may be based on these criteria. The

differentiation between vessel types, based on endothelial cell morphology of dogs was

pointed out by Gnepp and Green (1979). They compared the luminal surface of

arteries, veins and lymphatics. They found the endothelial cell nuclei were orientated in

the direction of blood flow and protruded into the lumen. This was true in both the aorta

and the vena cava more than was the case in the lymphatics. The venous endothelial

nuclei were more angular in outline and less elongated than those of the arteries and the

lymphatics. However, the nuclei of both were approximately the same size. They also

described that the nuclear shapes and distribution of chromatin were different.

Vascular architecture

In 1959, Forsslund studied the structure of the capillary system in human

gingiva and divided the capillaries into four types:

1. Arteriolo-venular bridges:

The vessel walls contained thin smooth muscle cells. The most direct path was

between the arterial and venous sides.

2. True or non-muscular capillaries:

The walls consisted of endothelial cells. They occurred as lateral branches of

arteriolo-venular bridge and were often collapsed.

3. Arterio-venous anastomoses:

These were small shunts between arteries and veins.

4. Sinusoids

Lengths and diameters of peripheral arterial vessels in the living animal were

investigaûed by Wiedeman (1962). She in vessels from distributing

artery to collecting vein of the bat wing. She defined a major artery to end at its first

bifurcation while a major vein began at the point where two large veins form a junction.

Small veins were considered to be the vessels which emptied into the major vein.
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Meanwhile venules were the vessels which emptied into the small veins and received

blood from postcapillary vessels. In addition, she defined a capillary as a distributing

vessel which formed a postcapillary venule. She also pointed out the average lengths of

the various types of blood vessels (Table 2.).

Table 2. Average length of blood vessels (From Wiedeman,1962)

In t974, Nuki and Hock studied the structure and organization of vessels in

gingiva of cats and dogs using vascular perfusion, vital microscopy and conventional

histologic techniques. The gingival vasculature around deciduous teeth was found to be

classifiable as a microvasculature bed, containing arterioles, postcapillary venules and

venules less than fi þm in width which were most common in the mid gingival region.

Capillaries predominated within crestal gingiva and within the superficial buccal and

crevicular networks. Vessels underlying the crevicular epithelium communicated with

periodontal ligament vessels while vessels underlying buccal epithelium were

continuous with oral mucosal vessels.

Weekes (1983) described vascular morphology of the rat and indicated that no

separate networks existed in the periodontium. The vasculature of each component

enjoyed a rich ana.stomosis with the vascular bed of neighbouring components. He also

reported that the periodontal ligaments revealed capillary lumenal diameters which

L7.O

3.5

0.95

o.23

o.2l
1.0

3.4

16.6

. Artery

. Small artery

. Afieriole

. Capillary

. Postcapillary venule

. Venule

. Small Vein

. Vein
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ranged from 6 to 20 pm. It was suggested that the small diameter vessel lumina

represented venous capillaries and the vessels of larger luminal diameter were

postcapillary venules.

In the same year, V/ong (1983) studied the vasculature of the mouse molar

periodontium. He stated that large venous cushion formations were located at the apical

region. The main vessels were arranged occluso-apically in a palisade manner. While

the gingival vessels encircling the neck of the molars consisted of two major systems

that was oriented in a radial direction. An outer circular system was located occlusally

and connected to the mucosal vessels. An inner circular vessel system was situated

adjacent to the gingival crevice and joined the axially aligned periodontal ligament

vessels.

I-ee (1988) studied the microvasculature of the marmoset and found a plexus of

circularly arranged vessels in the gingiva which encircled each tooth beneath the

crevicular epithelium at the level of the epithelial attachment with a diameter of 10-25

þm. The vestibular gingival vasculature consisted of occluso-apically orientated

papillary loops. The microvascular bed was primarily composed of postcapillary-sized

venules, 20-35 pm in diameter and the arterioles ran apico-occlusally towards the

gingival margin.

PERIODONTAL VASCULATURE IN YARIOUS ANIMAL AND HUMAN

STUDIES

The normal periodontal vasculature has been studied in human and various

animals such as mice, rats, monkeys, cats and dogs:

Periodontal vasculature in rats

In 1958, the distribution of the blood vessels in periodontal tissues of white rats

was investigaûed by Bevilacqua using an India ink technique. He demonstrated various

kinds of vessels, including ascending branches from the apical region, branches from
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the alveolar arteries, and descending branches from the gingiva. He also described their

passage to the pericementum where they were arranged in a kind of basket-like network.

Blood circulation in rat teeth was studied by Kindlova and Matena (1959) using

corrosion casts. They revealed that two arûeries entered the jaw. The first artery entered

the mandibular foramen and supplied the molars. The second artery entered the mental

foramen and supplied the incisal region of the periodontal ligament and then extended

through the concave part of the incisor to supply the apical part of the periodontal

ligament, the pulp and the enamel organ. The blood vessels of the incisal periodontal

ligament formed two layers at the gingival crevice. The arteries ran closer to the tooth

sudace and the veins were located closer to the alveolar bone.

Bernick (1960) using the saline-India ink-gelatin perfusion method studied the

vascular supply to the developing teeth of rats and noted that as the root forms the

vessels passed gingivally paralleling the bony surface of the periodontal membrane with

the cemental side being devoid of vessels. Above the crest there was a rich transseptal

network which continued into the gingiva.

A few years later, Kindlova and Matena (1962) reported on the blood vessels of

the rat molar using the latex technique. They found that the artery in the mandibular

canal, as well as arteries that perforated the jaw from outside, supplied the molars. The

blood supply of the gingiva came from vessels distributed over the outer side of the

alveoli. There were communications between the gingival capillaries and periodontal

veins. There were two rows of blood vessels at the marginal periodontium. The outer

row communicated with the gingival vessels and the inner row communicated with the

periodontal vessels. They also stated that the venous system started at the alveolar crest

region where collecting vessels united with the periodontal capillary loops and some of

the gingival plexus in a horizontal fashion. Near the apex of the gingival crevice, the

venous system gave off branches in an axial direction (Figs. 2, 3).

Meanwhile, Bernick (1962) concluded that in immature rats (younger than four

months) the pulpal terminal vascular capillary networks were located at the predentin

border. At eight months of age, all the vascular terminal capillary plexuses were
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restricted in location to the pulpal-odontoblastic border. In the young animals the

vessels supplying the periodontal ligament passed gingivally paralleling the bony surface

of the membrane with the cemental side being devoid of vessels.

V

Fig. 2. Schematic representation of vascular supply of periodontium of the rat molar

(From Kindlova & Matena, 1962)

. A: arterial system

o AÁ; horizontal arterial circulus

. V: venous system

. X: venous rete below apex

. Y: venous rete on peak of interradicular septum

c I veins draining blood from capillaries of the interradicular septum

. 1: capillaries supplying the periodontal membrane

. 2: capillaries supplying the periodontal tissue

. 3: coiled periodontal loops

c {. capillaries supplying marginal gingiva

. 5: communications of gingival and periodontal capillaries
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Fig.3.Vasculararchitecturebelowthegingivalcreviceoftheratmolar.
(From

Kindlova & Matena, 1962)

. 3: coiled capillary looPs

. 5: communication between gingival and periodontal capillaries

In the same year Boyer and Neptune (1962) investigated the pattern of blood

supply to the teeth and adjacent tissue in hamster mandibular molars and found that the

inferior alveolar artery, and the incisal periodontal ligament network supplied the

periodontal ligament, intenadicula¡ and interdental bone, and pulp of the rat molar teeth'

Kindlova (1963) reported the blood circulation in the pulp and periodontium of

rat incisors and molars. In molars, the arterial supply in the periodontal ligament ended

*
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at the level of the alveolar crest where arterioles and venules were linked by capillary

loops. The venous network reached the lateral aspects of the interdental papilla. In the

incisors, periodontal blood vessels anastomosed with the gingival blood vessels. The

venous network from the gingiva also supplied the entire interdental papilla. In 1965b,

she observed changes in the vascular bed of the marginal periodontium in periodontitis

in rats. In 1967, she also reported that the vessels anastomosed forming a circle around

the neck of the tooth and they also connected with the gingival vessels. The capillary

network under the oral epithelium of the gingiva was found to be less dense with simple

loops which extended towards the crest of the free gingiva.

Cernavskis and Hunter (1965) examined the vascular patûern of the rat mandible.

They suggested that one of the major blood vessels of the mandible was an unnamed

branch originating from the external maxillary artery, entering the bone through a

foramen on the lingual side of the mandible inferior to the lower border of the incisor

tooth at the most anterior point of the ramus. The molar teeth, their periodontal

membrane, and interradicular and interdental bone were supplied mainly by vessels

originating from the blood vessel plexus on the superior border of the periodontal

membrane of the incisor tooth and were supplemented by branches of the inferior

alveolar artery.

Heulke and Castelli (1965) described the blood supply of the rat mandible.

Findings indicated that the coronoid, condylar, and angular processes of the mandible

were supplied by vessels which were primarily concerned with the nutrition of the

muscles that attached to these areas, and not from the inferior alveolar artery. The

inferior alveolar artery supplied the body of the mandible, teeth and adjacent structures.

After entering the mandibular foramen this artery bifurcated beneath the third molar

tooth. The larger inferior stem passed downward and backward to supply multiple

branches to the pulp of the incisor tooth and branches to the periodontium about this

tooth. The superior system passed forward beneath the apices of the molar teeth to

supply them and the adjacent tissue. Veins of the molar teeth passed through the bone

into gingival veins.
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According to Kindlova (1968) the development of the vessels in the marginal

periodontium in rats remained unchanged after it was formed. The arrangement of the

main vessel capillaries was completed before tooth eruption. After the tooth eruption,

the coiled capillary loops were found to be above the circular vessel. In I97O, she also

reported the development of the vascular bed of the marginal periodontium in rat molars.

It was suggested that the vessels supplying the marginal periodontium developed

directly from the enamel organ and accompanied the erupting tooth.

The vascularization of the periodontal tissue in the adult rat was investigated by

Garfunkel and Sciaky OnD. They noted the presence of a common plexus formed by

the terminal vessels of the inferior alveolar and facial arteries. They noticed that the

pathological changes in the periodontium were accompanied by changes in blood

supply. De Almeida and Böhm QnÐ studied the vascular permeability of the vessels

of normal gingiva of rats using the colloidal carbon technique. It was shown that the

vessels of buccal gingiva labelled with carbon form loops situated 2N pm below the

marginal gingiva, while the altered vessels are below the superficial epithelium in the

interdental gingiva.

In the same year, Iwaku and Osawa (1979) investigated the blood supply of the

rat periodontal space during amelogenesis using a replica SEM method. They identified

three different layers in the vascular bed of the periodontium:

a) The ouûer layer where the sinusoid veins continued with the blood capillaries

which ran into the proximal and disøl sites of the inner layer and were located near the

alveolar bone.

b) The middle layer was supplied by small arteries which originated from the

inferior alveolar artery and by the arterioles.

c) The inner layer of the enamel organ was supplied by a blood capillary network

which changed from a circular mesh to a ladderlike pattern.

A few years later, Hodde (1981) studied cephalic vascular patterns in the rat. It

was demonstrated that the venous endothelial cells had a random shape with circular

ri
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nuclei and the arterial endothelial cells had an oblong shape, ovoidal nuclei and were

oriented in the long-axis of the vessel.

Nakamura et al. (1983) reported on the vascular system of the rat molar using

SEM corrosion casts. They found that the vessels were running parallel to the long axis

of the tooth and the blood vessels of the root apex were relatively thick and arranged

radially.

In the same year, Weekes (1983) studied the vascular morphology of the rat

molar periodontium. He found the vessels anastomosed freely with both the gingival

network and the plexus in the alveolar bone. The vessels ran unintemrpted from the

apex to the coronal extremity. Over the interradicular septum the vessels arose from

rami of the alveolar network. He also found that the network at the gingival crevice

consisûed of a flat capillary plexus extending from the cemento-enamel junction up to the

crest of the free gingival margin (Fig. a).

The vascular architecture of the gingival crevicular plexus around rat molars

consisted of two major vascular arrangements. The first was a planar network and the

second was a row of twisted vascular loops. Arterial supply to the planar network came

from the gingiva proper, but venous drainage from the plexus was directed into the

periodontal ligament plexus as well as the deeper gingival vessels (Weekes & Sims,

1986). A few years later, the glomeruli in the molar gingival microvascular bed of

germ-free rats was reported by Sims et al. (1988). The results indicated that the

glomeruli existed in the lingual, buccal, and interproximal gingivae of the maxilla and

mandible. The glomeruli presented as intertwining arterial and venous stalks

surmounted by a multilobed glomerulus in the lingual and buccal aspects of the gingiva

and a.s complex glomeruli in the interproximal gingivae.

i
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Fig. 4. Schernatic reprosentation of gingival crevice vasculature of the rat. (From

Vy'eekes, 1983)
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Periodontal vasculature in mice

Apart from the studies of Carranza et al. (1966), insufficient work has been

conducted on the periodontal vascularization of mice. They reported that the

arrangement of the vascular system of the mouse was similar to that for the rat, where

the main vessels ran parallel to the long axis of the root and gave out branches that

intertwined forming a periodontal plexus. This suggestion was confirmed by Sims

(rs77).

Avery et al. (1975) investigated the ultrastructure of terminal blood vessels of the

periodontium in first molars of 25 to 50 day-old mice. Observations revealed that both

capillaries, small muscular coated vessels and endothelial cells of capillaries showed thin

finger-like projections extending into the lumen.

A few years later, Sims (1977) using 6O male albino mouse mandibles found

that the oxytalan fibre meshwork of the molar periodontal ligament was associated with

the teeth, vascular system, the gingiva and insertions of masticatory muscles. It was

suggested that the muscle function and multidirectional displacements of the teeth and

gingiva affected the vascular system.

In 1983, Wong studied the vascular morphology of the periodontium of the

mouse molar. He found that the gingival vessels encircling the neck of the molars

consisted of two systems. The inner circular vessel system was situated adjacent to the

gingival crevice and joined the axially aligned periodontal ligament vessels. The outer

system was located occlusally and connected to the mucosal vessels. Both of them were

linked by anastomoses orientated in a radial direction as shown in Fig. 5. V/ong and

Sims (1987) stated that the coiled glomerular loops were a common component of the

healthy molar gingivae which sited opposite the junctional epithelium on all aspects of

the tooth socket. They also found that mouse glomerular loops were simpler in

configuration than those of normal rats.
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Fig. 5. Schematic representation of the bucco-lingual gingival vessels

coronal section of the mouse molar. (From Wong, 1983)

. A: arterial vessel

. AP: alveolar process

. CW: crown enamel

. G: glomerular vascular structures

. IA: uially atigned inner vessel

. IS: inner slope vessel

. IV: inner single circular vessel

. OS: outer slope vessel

. OV: outer single circular vessel

. PV: periodontal ligament venous vessel

. RT: roo[
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Periodontal vasculature in cats and dogs

Information regarding the vascular architecture of the cat mandible was reported

by Cohen (1959, 1960). The vascularity of branches of the inferior border of the

mandible was less towards the alveolar bone than the branches of the inferior dental

artery. The periodontal ligament was supplied by the vessels from the gingival tissue,

and the apical region of the tooth.

Egelberg (1966) reported upon the blood vessels of the dento-gingival junction

of the dog periodontium, and its permeability, and found a plexus of blood vessels in

the healthy gingivae, lying near the crevicular epithelium. In addition, Cananza et al.

(1966) presented evidence that both arteries and veins ran vertically. He also found that

the blood vessels were closer to the bone than to the cementum and there was increased

vascularity close to areas of active enamel formation. A study of topography and

morphology of the vascular network of the periodontium in dogs showed that the

vascula¡ network is better developed in the medial and distal regions of the periodontium

than in the other regions (Soloview, Inq.
ln 1974, Nuki and Hock studied the organization of the gingival vasculature.

They found that the gingival tissues of the dog were supplied by the blood vessels of the

periodontium which ascended from the lower border of the mandible and anastomosed

at the crest of the alveolar ridge. They also found that the arteries from the periodontal

ligament supplied the gingival tissues and branched into a microvascular plexus at the

level of the epithelial attachment (Fig. 6). Capillaries, comprising the network in crestal

gingiva, were arranged as interconnecting repetitive units. This basic capillary unit

consisted of a minimum of 2 terminal arterial capillaries, 4 pnmary venular capillaries

and a varying number of connecting vessels that connected with those of adjacent

vessels (Fig. 7).
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Fig. 6. Schematic representation of gingival microvasculature of dog derived from

Microfil perfused specimens and serial tissue sections. (From Nuki and Hock, Ig74)
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Fig. 7. Schematic representation of 4 capillary relationships in the vascular network of

the dog derived from tracings of videotape recordings. (From Nuki and Hock, ].974)
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Kishi and Takahashi (1977) studied of the vascular architecture of the

periodontal membrane of the cat and the dog. They found that a dual plexus consisted

of a rope ladder-like arrangement of vertical capillaries overlying a coarser plexus. The

layer closer to the tooth gave off many hair pin shaped capillary loops towards the tooth'

SEM observations by Nobuto et at. (1989) provided morphological correlation

between the connective tissue and its vascular system in the healthy dog gingiva. They

showed that the vessels penetrating the gingiva from the alveolar mucosa ran along the

bone surface to the alveolar crest which then had two branches. One branch ran toward

the buccal and sulcular epithelium, and the other ran along the bone surface. The plexus

of the periodontium was formed from these branches.

Periodontal vasculature in the monkey

The blood supply of the marginal periodontium in Macacus Rhesus was studied

by Kindlova (1965a). She examined the blood vessels supplying the periodontium in

corrosive preparations (latex castings) and histological sections. She found that the

vessels were afïanged in two networks, those which supply the periodontal membrane

and those which supply the gingiva. Although the two networks anastomosed in many

sites, the capillaries in the periodontal membrane were arranged in a manner different

from those in the gingiva as demonstrated in Fig. 8.

In the same year Castelli & Dempster (1965) studied the mandibular periodontal

vasculature in Macaque monkeys and the response to experimental pressures. They

reported that the arteries to the periodontal ligament arose from the alveolar dental

branches of the inferior alveolar artery. They also found that periodontal veins drained

through the bony wall into interradicular and interalveolar networks'
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Fig. 8. Schematic representation of blood supply of marginal periodontium in monkey

(From Kindlova, 1965a)

A: subepithelial capillary network of gingiva

B: capillary network in the periodontal membrane

C: band of denser capillary network in the periodontal membrane

D coiled capillaries resembling glomeruli

E capillary loops with the amply coiled arterial part

F: simple capillary looPs
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Folke and Stallard (1967) reported that the vascular supply to the oral mucosa

and attached gingiva had its main arterial supply from the periosteal vessels and from the

smaller vessels which formed capillary loops. Furthermore, Kennedy (1969); Kennedy

andZander (1969) studied the effect of ischemia and vascular response on the gingival

epithelium of squirrel monkeys using India ink technique. It was suggested that the

primary blood supply came from supraperiosteal vessels. Kennedy (L97Ð also stated

that the gingival blood supply was derived from vessels perforating the crest of the

interdental septum and the supraperiosteal vessels.

Lee (1988) studied the microvasculature of marmoset palate and periodontium

using corrosion casts. He found that vessels in the gingiva anastomosed with the

periodontal ligament and palate vasculature networks. l-ee et al. (1990) found that there

was significant differences between the premolar and molar crevicular loop structures,

ranging from simple hairpin loops to convoluted loops with multiple branching. The

crevicular vasculature also consisted of glomerular loops, ranging from 100-3OO pm in

height and 4O-1601m across their ma,rimum diameters.

Periodontal vasculature in other animals

The patterns of blood supply to the teeth and the adjacent tissues of rat, rabbit,

opossum and hamster were reported by Boyer and Neptune (1962). They found that

they were strikingly similar. The blood supply to the molars was quite often contributed

by the periodontal plexus of the incisor. The vessels were thought to be derived from

the superior or inferior alveolar arÛery or from arteries of the medullary bone'

Cananza et at. (196) studied the periodontal vasculanzation in rat, mouse, cat,

dog, hamster and guinea pig using vascular perfusion, vital microscopy and

conventional histologic methods. They demonstrated the inferior dental artery branched

off into smaller vessels which ran parallel to the long axis of the tooth and the blood

vessels from the alveolar bone entered the socket at the middle and apical third of the

root. They also found that the blood vessels of the gingiva were independent of the

blood supply of the periodontal ligament and alveolar bone which arose mainly from
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mucosal vessels. Vascular loops were found against the epithelial cuff as shown in Fig.

9

(

Fig. 9. Schematic representation of blood supply to rodent gingiva. (From Cananzaet

al., L966)

a: vascular loops against the epithelial cuff.

b: connections between gingival and periodontal blood vessels.



25

Periodontal vasculature in man

The structure and function of the capillary system in the gingiva in man was

studied by Forsslund (1959). He suggested that the interdental branches of the superior

and inferior dental arteries perforated the alveolar crest to end in the gingival capillary

network. This was encouraged by Saunders and Rockert (1967). Forsslund also

observed an anastomosing pattern of capillaries as well as the loop pattern. He found

that the gingival vascular networks anastomosed with the vessels in the periodontal

membrane, the floor of the mouth and the lips.

In 1963, the vascular architecture of the mandible in adult humans was

investigated by Castelli. He found that the alveola¡ dental branches were branches of the

inferior alveolar artery and consisted of eight to twelve branches of vessels, averaging

28O pm in diameter. The main vessels anastomosed with each other and finally they

penetraûed the alveolar wall to join the capillary networks of the gingiva. The veins did

not run parallel to the arteries. The venous vessels anastomosed with the venous

network that surrounded the root apical regions of the alveolus.

A few years later, Griffin (1965) defined a glomus.body in the periodontal

membranes of the labial alveoli of the upper central incisors, in the periodontal

membranes of the bicuspid, cuspid and molar teeth of a forty-year-old female cadaver,

and in the foetal human as an encapsulated group of coiled blood vessels which

consisted of an afferent artery or arteriole, an epithelioid cell segment, and an efferent

vetn.

Bim (1966) investigated the vascular supply of the periodontal membrane in the

human tooth socket. He found that the greatest vascularity was in the gingival region

and least in the middle third portion of the alveolar wall, He also noted that the mesial

and distal surfaces had a slightly better supply than the buccal and lingual surfaces. The

blood supply of the distal is less than mesial aspects of the ligament in the lower jaw.

The distribution of blood vessels in the upper jaw is slightly greater than the lower jaw.

Saunders and Rockert (1967) stated that the gingival tissues were supplied by

the greater palatine artery and superior labial branches of the facial and infraorbital
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arteries in the maxilla. The collateral supply to the gingiva was afforded by the

sublingual branch of the lingual artery, buccal branches, inferior labial and mental

arteries. Furthermore, Mormann et at. (1979) investigaûed the gingival blood circulation

after experimental wounds in 6 female and25 male under graduate dental students using

fluorescein angiography. It was suggested that the blood supply of the mandibular

labial attached gingiva was oriented in an apico-coronal direction and that the capacity

for collateral circulation was dependent upon local differences in vascular structure.

Bell et al. (1980) published the arterial arrangement of the blood supply to the

periodontium of the human upper incisors as illustrated in Fig. 10. This diagram was

presumably based on findings of monkey experiments that are questionable as an

accurate representation of the human periodontal vasculature.
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Fig. 1.0. Diagram of the blood supply to the human upper incisor. (Bell et aL,I98O)
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\ryOUND HEALING AFTER GINGIVECTOMY

Healing following gingivectomy requires both the healing of the soft tissues and

a renewed union between the soft tissues and the root surface.

The dynamics of wound healing following this procedure were studied by Orban

and Archer ( 1945) in patients by the histological examination of biopsies which were

taken two days after the operative period. It was found that the outer layer of the blood

clot was necrotic at two days and a large number of neutrophils formed a defense

mechanism as the healing progressed for 14 days.

In 1955, Waerhaug studied the ideal depth of incision in gingivectomy of

twenty-two teeth in two young dogs. The incision made at the bottom of the clinical

pocket and a curettement of 0.5 to I mm below the bottom of the pocket in order to

remove the epithelial attachment to attain reattachment. He found that the new clinical

pockets can redevelop as an upgrowth of soft tissue along the tooth from the line of

incision and as a downgrowth of the epithelial attachment along the tooth surface

apically to the line of the incision. The epithelization was nearly complete at the

fourteenth day.

Stahl (1961) investigated the healing of gingival wounds in male rats of various

ages. He noted that the healing process was faster in the young than in the older rats. A

year later, Stahl (1962) also studied the healing of gingival wounds in female rats. He

compared the healing pattern between female and male rats and found that sex did not

significantly influence the repair sequence.

Staffileno et al. (1962) observed the processes of healing in gingival flaps raised

in four adult dogs. They found that the wound was sealed by a fibrin coagulum in the

incision area within 48 hours. In six days, lymphocytes, fibroblasts, osteoclasts,

osteoblasts and endothelial cells were numerous. At the same time, the epithelium had

regenerated and sealed the wound. All tissues had repaired themselves in sixty days.

In the same year, Stahl and Person (1962) observed the progressive behaviour

of the epithelium and connective tissue of gingival wounds in 4O Long Evans strain male

rats. They reported that an initial increase and subsequent decrease in fuchsinophilic
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staining tissues was shown in the wound site during the first 24 hours. About Vlto ß

hours after injury, the inflammatory response appeared prominent and about 5 to 7 days

the wound seemed to be epithelialized. Apical proliferation of the ePithelial attachment

was seen at about 7 to9 days post injury.

Furthermore, Morris (1%3) studied the healing of human periodontal tissues

following surgical detachment. The arrangement of the connective tissue fibers was the

focus of his report. He found that the healing periodontal membrane fibers grew parallel

to the root and the healing tissue was potentially susceptible to infrabony pocket

formation. Meanwhile, Ramfjord and Costich (1%3) investigated healing after simple

gingivectomy in nine immediate denture patients. They stated that the new gingival

sulcus grew down into the crevice made between the tooth and soft tissues during

connective tissue proliferation, building up a new free gingiva.

In the palatal tissues of rats, wound healing of standardized experimental

wounds tended to heal more rapidly in younger animals (Brutcher and Klingsberg,

1963). In addition, Stahl (1%3) investigated soft tissue healing following experimental

gingival wounding in female Sprague-Dawley rats of various ages. He stated that

replacement of the clot by connective tissue took place between 2 to 5 days after

wounding and wound healing appeared complete 5 to'7 days after injury. The healing

sequence appeared similar in both young and mature animals and the diet employed did

not influence this healing. Stahl (1964) studied the prolonged healing sequences

following gingival injuries in 36 adult male Sprague-Dawley rats. It was noted that the

gingival healing sequences in rats continued over prolonged periods of time even though

the initial repair process was completed after about one month'

Mitælman et al. (L9&) made linear incisions in the attached gingivae in 6 young

men. The incisions extended from the tip of the interdental papilla to the mucogingival

junction. These wounds were not visible clinically afær'72 hours. Histologic events

were described from biopsies taken every 6 hours postoperatively for 72 hours and three

phases were identified. The first phase of bleeding, clotting and resolution of

inflammation spanned from 0 through 48 hours. The second phase of epithelial
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proliferation and bridging, capillary budding and collagen production spanned from2I

through 72 hours. The third phase of maturation and keratinization of epithelium, and

proliferation and partial maturation of connective tissue spanned from 28 throughT2

hours. Connective tissue repair was not complete in all specimens at 72 hours. One

factor which supposedly accounted for the rapid healing was that the tissues in the

attached gingivae did not gape when incised. The close apposition permitted rapid

closure by epithelium and prevented infection.

According to the study of Brandtzaeg (1966), the local resistance factors of the

gingival area were divided into two groups. Firstly, physical and biochemical factors

and secondly, immunologic and phagocytic activities. Brandtzaeg stated that the saliva

and gingival pocket fluid may be of significance in local resistance. Also the status of

the gingival epithelium and connective tissue may be important for the penetrability of

the gingival area to bacteria and their products.

Listgarten (1967) observed in situ the buccal gingiva of the first molars from

three-year-old cynomologus monkeys. The results indicated that a new epithelial

attachment consisted of hemidesmosomes and a basement lamina. This attachment

apparatus connected the cells directly to the tooth surface. In addition, Henning (1968)

studied the healing of gingivectomy wounds in the rat. He found that the reattachment

took place between 15 to 2l days after operation and complete epithelialization of the

surgical wound occurred after about 10 days"

An experimental study on capillary vascularization in the periodontal tissue

following gingivectomy was reported by V/atanabe and Susuki (1%8). They stated that

the new vessels developing in healing gingiva originated from the periodontal ligament

vessels and anastomosed with those of the gingiva.

Also in 1968 Stahl et al. studied wound healing in man after gingivectomy.

Their conclusions related to vascularization at the newly-formed gingival margin which

had not returned to the preoperative level in the 28-day specimen. [n addition, no

correlation could be found between the healing response and age. Following

experimentally induced ischemia, studies of gingival and periodontal tissues of dogs
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indicate that the capacities of mandibular and maxillary buccal gingiva to develop

collateral circulation are not equal (Kennedy, 1969;Kennedy and7ander,l969;Iøiz et

al., 1969). After inducing embolic ischemia in dogs by injecting calibrated

microspheres, Kennedy (1969) found blood circulation recovered in the palatal mucosa

afßr 12 hours, in maxillary buccal gingiva after A hours and in mandibular buccal

gingiva afrcr72 hours.

In the same year, Sandalli and Wade (1969) investigated the alterations in

crevicular fluid flow during healing following gingivectomy and flap procedures in 7

male and 5 female patients. The investigation indicated that no significant change in

amount of fluid flow had occurred 2 weeks post operation but between the third and

fourth post-operative weeks when the flap procedures had been performed and in the

fourth post-operative week in the case of gingivectomies, there were significant

reductions. Henning (1969) studied the healing of gingivectomy wounds at the palatal

surfaces of rat molars using 34 outbred male albino rats. He concluded that the return of

mitotic activity to normal levels coincides with reattachment of epithelium to the tooth

surface.

Boese (1969) reported increased stability of orthodontically rotated teeth

following gingivectomy in Macaca nemestrina. It was found that there was significant

reduced amount of relapse after 8-9 weeks post surgery. If only 4 weeks, there was

insufficient time for the principal fibres to reorganize and relapse occurred.

The proliferation of blood vessels in gingival wound in dogs was observed by

Cutright (1969) using silicone rubber corrosion casts. It appeared that regenerating

blood vessels started as extensions of the cut ends of the capillaries at 2 days after

surgery. Further, the proliferating capillaries anastomosed with adjacent normal vessels

to form loops. These loops then extended until they reached normal adult length with

the same density.

Observations of wound healing in young and old rats (Holm-Pedersen et al.,

1969), showed that the density of the inflammatory cell infiltrate was greater in the

wounds of young rats as compared with old rats at 3 and 4 days and no differences were
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detected at7 and 11 days of healing. At 16 days, there was some inflammation in the

old rats, whereas, no inflammation was seen in the young rats. The circular excision

wounds in rabbit ears (Lindhe and Branemark, l97O) indicated that the reaction of

vessels to surgical trauma in the dermis is similar to that in gingival tissues. Innes

(1970) studied the regeneration of gingival epithelium following gingivectomy on the

canine teeth of 14 mongrel male dogs using electron microscopy. It was concluded that

differentiation in the regenerated gingiva resulted in the formation of masticatory and

crevicular epithelium which were ultrastructurally similar to the two epithelia originally

present. However, tensile strength development of skin incision wounds seemed to be

retarded in older animals (Holm-Pedersen and Zederfeldt, t97I; Sussman, IE73).

Holm-Pedersen and Löe (1971) published standardized rates of wound healing of the

vestibular gingiva of healthy periodontal subjects which they found was more rapid in

young than old individuals.

Castelli et al. (1971) studied revascularization of the periodontium after tooth

grafting in rhesus monkeys using India ink technique. They found that the vessels were

arranged in clusters of variable sizes after 3 weeks and established normal vascularity 3

months after replantation.

Levine and Stahl (1972) conducted a histologic study of gingival wound repair

in Caucasian females. They suggested that a remodelling process occurred between the

cut connective tissue surfaces of a wound with new collagen fiber formation.

Speculations about gingival repair was reported by Stahl et al. (1972). They

reviewed histologic studies of gingival soft tissue healing and noted broad patterns of

repair responses. In the same year, Listgarten OnÐ examined the ultrastructure of the

dento-gingival junction after gingivectomy on the lateral incisors of 2 young

cynomolgus monkeys. It was shown that the epithelial reattachment occurred in 12

days or less and occurred against both morphologically normal and superficially altered

cementum. Hemidesmosomes appeared to regenerate more rapidly than the basement

laminas against either the tooth surface or the gingival connective tissue.
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Subsequent studies including older animals showed a lower rate of wound

healing with increasing age (Stahl and Tonna l9l2; Tonna et al., 1972; Tonna and

Stahl, 1973,I974). Binnie and Forrest (1914) compared the responses to sutures and

cyanoacrylate adhesive in mucogingival flaps with vertical relieving incisions from the

interdental papillae to the mucogingival junction made in2beagle dogs. They found the

histological appearance across the relieving incisions to be very similar in a week, and

healing was complete in both cases after 3 weeks. According to the investigation of

Attstrom (1975) if the injury was slight and repair began quickly, the inflammatory

process resolved within a few days. In the same year, Kennedy (1974) studied the

effect of inflammation on collateral circulation of the gingiva of 12 squirrel monkeys

using India ink and calf serum. Gingival inflammation was induced by tying silk

ligature at the crevical area of mandibular bicuspids and molars to encourage plaque

accumulation. 'When inflammation was induced, an increasing tendency for the number

of vessels perforating either the alveolar crest or the alveolar bone was noted.

The work of Nixon et al. (1975) compared the healing of incisions made with a

scalpel in the attached gingivae of 25 guinea pigs with incisions made with an

electrosurgical scalpel. The conventional scalpel resulted in little gaping of the wound,

localization of the inflammatory exudate and resolution by 72 hours. There were only

very minor, localized areas of bone necrosis where the bone was nicked. However,

more bone necrosis and tissue destruction were observed with electrosurgery incisions.

Stahl (1977) studied healing following simulated retaining attached supracrestal

fibers (fiber retention procedures) on the gingivat margin mesial to the maxillary left first

molars of 42 adult male Sprague-Dawley rats. It was indicated that about 7 days after

surgery, the epithelization of the wound appeared complete and between 1 and 2 weeks

postsurgery, the newly formed junctional epithelium adhered to portions of the root

surface. The effect of periodontal surgery on blood supply of human gingiva and the

potential for collateral circulation have been studied only in single volunteers (Mormann

and Ciancio,1977). It was suggested that at 24 hours after incision, the blood flow to

the gingiva was mainly in an apical to coronal direction and when the blood vessels
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were dissected horizontally, a collateral circulation was not initially established in the

horizontal incision to the coronal gingival areas. A year later, Donn (1978) evaluated

wound healing both histologically and clinically from a series of 75 free connective

tissue autografts. It was found that the resultant epithelium was parakeratinized with

rete peg formation reminiscent of gingiva and not of a nonkeratinized alveolar mucosa

quality. It was also stated that there was an apparent lag period of 4 to 5 days before

epithelial migration onto the connective tissue substrate began. In addition, Hock

QnÐ reporûed upon the vascular morphology in non-inflamed, healed gingiva of dogs.

Gingivectomies were performed to obtain gingival specimens healed for 4,8, and 12

weeks. [t was shown that the vascular morphology was re-established as a series of

looped vessels.

Standardized simple incisions through the marginal gingivae of six miniature

swine were studied histologically in serial cross sections of the teeth at O,2,7, and 14

postoperative days, with regard to rupture strength, and also collagen production

(Wirthlin et al. l98O). The incisions were made with minimal trauma. There was little

gaping of the wound edges and, therefore, the clots were thin and rapidly healing. The

oral epithelium and the crevicular epithelium both sent migrating strands of basal cells

along the peri-incisional sides of the clot, towards each other. Except at the margin

these were fused on the surface at Day 2 and the oral surface keratinized at Day 7. The

junctional epithelium mended by Day 2 and contributed little to the epithelial migration.

The connective tissue appeared to be completely healed by the 14th pnstoperative day.

A few years later, Marikova (1983) studied the ultrastructure of normal and

newly formed dento-epithelial junctions in 20 male 'Wistar rats by inserting silk ligatures

into the gingival sulcus of the first molars for 3 weeks. After ligature removal, the

tissue was allowed to heal for 10 weeks. It was observed that no differences were

found between the experimental and control rats.

Wirthlin et al" (19&1) reported on the healing of atraumatic and traumatic

incisions in the gingivae of 45 monkeys. The atraumatic vertical incisions were

performed with sterile razor blade segments having a 3-mm cutting edge. The razor

t
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blade was grasped with a haemostat and gently pressed into the gingiva and extended

apically into the alveolar mucosa without removal the gingiva. Meanwhile, traumatic

wounds were made with a bibeval point with 3.5 mm-long edge and 100' angle between

the faces of the point. This point was fixed to the end of a brass rod by internal screw

thread, and at the junction there was a stop nut attached by exûernal thread. A 53-gram

weight was dropped from a l4-inch height sliding down the rod until it impacûed on the

stop nut. The healing from the lst to the 21st day was described clinically,

histologically, physically and biochemically. There were no major clinical differences,

but both atraumatic and traumatic wounds have reactions in the periodontium which

should be considered in postoperative care.

In the same year, Sabag et al. (I9U) observed epithelial reattachment after

gingivectomy in the rat. Seven to eight days after gingivectomy, the junctional

epithelium was stratified. Its superficial layer cells were close to the enamel surface and

had become more flattened with signs of differentiation appearing in their cytoplasm.

After twelve to fourteen days the radicular cemental surface was joined with the new

junctional epithelium and full development of the reattachment complex was evident. It

was concluded that the new junctional epithelium appeared at the 5th ¿ay and the

reattachment complex formation was achieved by the Sttt day.

The research of Velden (1984) suggested that the degree of periodontal

breakdown increa^sed with age and that periodontal inflammation tended to encourage a

slower rate of wound healing with increasing age. A few year later, Takata et al. (1986)

used the molar gingivae of 15 Wistar male rats to study the ultrastructure of regenerated

junctional epithelium after surgery. He used electron microscopy and compared the

junctional epithelial fine structure with normal structure. At 6 weeks post-surgery, the

epithelial architecture of the dento-gingival junction was reestablished and regenerated

junctional epithelium showed ultrastructure indistinguishable from that pre-surgery.

Nobuto et al. (1987) studied microvascularization of dog gingival wound

healing. The results indicated that the revascularization in the gingival wound and the

blood supply to denuded bone were mainly provided by new capillaries below the
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surrounding epithelium with little new capillary formation from the Volkmann canals.

Vessels in the gingiva anastomosed with those of the periodontal ligament and the

palate. Anastomoses were also found between the gingival, periodontal ligament and

medullary vasculature. Moreover, the periodontium contributed greatly to the

vascularization, which was fastest from the gingival margin. Simplification of new

capillary loops was also fastest. While regeneration of the periosteum and periosteal

vascular plexus was slow. However, this communication was not yet at the center of

the wound at 12 weeks after operation.

Grevstad (1988) studied collagen deposition and collagen fibre reunion during

wound repair in rat gingiva using twenty 50-day-old rats. He found that 1-3-day post-

injury, fibrin was replaced by inflammatory cells, at 4-days fibroblasts were found and

after 5-lO-days increasing amounts of new collagen fibrils were laid down at the wound

edge. The effects of atelocollagen on the wound healing reaction following palatal

gingivectomy in rats was studied by Kodama et al. (1989). They found that the

atelocollagen-applied group demonstrated more satisfactory regeneration of the

epithelium and connective tissue than did the control group or lyophilized porcine

dermis-applied group. In addition, the use of atelocollagen significantly suppressed the

epithelial down growth along the root surface. Minabe et al. (1989) clarified the effect

of various concentrations of collagen barrier on periodontal wound healing in rats.

They found the apical migration of the junctional epithelium occurred within 2 weeks

after surgery and did not vary with collagen concentration.

A year later, Grevstad (1990a) identified the connective tissue components in

healing rat gingiva. He reported the spatial relationship between new and remaining

fibrous tissue in the transitional zone indicated that reunion was established by side-by-

side alignment of new and severed fibrils. He also studied collagen fiber reunion in

wound repair of rat gingiva using transmission electron microscopy (Grevstad, 1990b).

It was observed that the site of reunion was characterized by separate aggregates of

fibrils rather than alignment of individual collagen fibrils of varying thickness

suggestive of covalent linkage.

i!
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Table 3. Summary of reported rates of wound healing following gingivectomy.

Furthermore, Schtipbach et al. (1993) studied the structural and ultrastructural

features of healing events between the regenerated periodontal ligament and the root

surface of the dogs. They employed light microscopy, scanning and transmission

electron microscopy to determine the regeneration or periodontal repair. They

demonstrated that the regeneration occurred in parts of the roots only if some original

cementum remained on the root surface. In areas remote from the base of the defect,

new collagen fibrils were synthesized by fibroblasts and oriented perpendicular to the

root surface. In the areas near the base of the defect, a cementoblast monolayer and
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subsequent formation of intrinsic fibrils formed oriented parallel to the root surface.

The cementoblast monolayer disintegrated and extrinsic fiber bundles became anchored

in the new cellular mixed fiber cementum.

PERICISION AS RELATED TO TOOTH MOVEMENT

The mechanical procedure of derotating malaligned teeth is seldom considered a

problem in modern orthodontic therapy. On the other hand, it is well known that rotated

teeth frequently show a tendency to rerotate back toward the original position after

removal of orthodontic appliances. Various surgical techniques have been devised to

prevent the relapse. These involved the transection or removal of supragingival fibres

which would realrange and reorganize in an unstretched position after wound healing.

Many orthodontists have attempted to solve this problem of regression with different

approaches to aid the retention process throughout the years.

Reitan (1959) orthodontically rotated teeth in dogs and found histological

evidence that the gingival fibers in the supra-alveolar tissue were markedty displaced and

stretched, even after a retention period of 232 days. He suggested that the continuing

displacement of the gingival fibers may be a principal cause of relapse after tooth

rotation and recommended that the surgical division of these fibers could be expected to

reduce the amount of subsequent relapse.

In 1962, Trott studied the development of the periodontal attachment in the rat

which he divided into three phases. The follicular phase took place in the dental follicle

from the time the roots start to form until just prior to the emergence of the crown

through the oral epithelium. The emergence phase occurred after the eruption of the

tooth. The functional phase occurred within the periodontal membrane once the tooth

has been in function. Ewen and Pasternak (196a) reported success in five cases which

had earlier relapsed following closure of a central diastema with retreatment and surgical

removal of the supra-crestal fibres.

'Wiser (1965) rotated both second maxillary incisors in dogs. V/hen the teeth

were fully rotated, surgery was carried out on one side and the other side was used as a
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control. He found a mean relapse of 43.8 percent in the control group and of 11.2

percent in the treated teeth after two weeks post surgical retention.

Edwards (1968) demonstrated the clinical effect of the stretching of the gingival

fibers, using a tattooing technique. The marks rotated in the direction in which the tooth

was turned. Following section of the supra-crestal fibres the marks quickly returned to

their prerotational position within twenty to forty hours.

Brain (1969) studied the effect of surgical transection of free gingival fibers on

the regression of orthodontically rotated teeth in dogs. Incisions were performed

labially and lingually to the free gingival fibres in the rotated teeth and then were reøined

for 148 and 150 days. He found that in the control group the percentage relapse was

43.3 percent while in the surgical group it was only 1.1 percent. Brain further found

that 48 percent of the relapse in the control group occurred in the first 4 hours and 87

percent in the first 18 hours. After 6 days no further regress was measurable.

In 1970, Edwards reported a simple and apparently efficacious surgical

technique to alleviate the influence that the supracrestal periodontal fibres presumably

had on rotational relapse. V/ound healing after the fiberotomy procedure was not

associated with any change in the sulcular depth.

The British literature referred to the procedure as pericoronal incision or

pericision to reduce the amount of rotational relapse and was reported by Mills and

Strahan (1970), Pinson and Strahan (1973), and Walsh (1975). Campbell et al. (1975)

termed the procedure circumferential supracrestal fiberotomy (CSF). In 1971, Melcher

and Correia investigated remodelling of periodontal ligament in erupting molars of

mature rats. They suggested that the remodelling in a mature tooth in which eruption

has been reactivated occurs predominantly in the peripheral part of the ligament.

A year later, Parker (1972) completed a histological study of rransseptal fibers

and relapse following bodily retraction of teeth through an extraction space in seven

female Macaca rhesus monkeys. They demonstrated that the relapse was a normal and

predictable physiologic response to abnormal forces and it could be attributed generally
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to the supragingival fibers and the transseptal fibers in particular. About 5O7o of the

total relapse after appliance removal was realized in 12 hours.

Crum and Andreasen (19'74) studied the effects of gingival fibers on the

orthodontically rotated tooth following removal of appliances and retainers. They

showed a great tendency of teeth to rotate postretention toward the pretreatment position.

The circumferential gingival fibers were cut to reduce postretention tooth rotation and

allowed them to reattach at a position of equilibrium free from tension.

Walsh (1975) prescribed the technique of making a vertical incision under local

anaesthesia. A vertical incision was made with a surgical blade No. 11 through the

gingival crevice down to the alveolar crest. The incision was extended around the

rotated tooth, severing the epithelial attachment. The blade also transected the

transseptal fibres by interdentally entering the periodontal ligament space (Fig. 11). No

surgical dressings were indicated and clinical healing usually was complete in 7 to 10

days.

Kaplan (1976) reported on circumferential supracrestal fiberotomy in a survey of

1,000 randomly selected orthodontists ûo ascertain the use of this technique to minimize

rotation relapse. It was indicated that the technique is reasonably problem-free and it

will be increasing in the future.

Rinaldi (1979) demonstrated no clinically significant deepening of the

physiologic pocket level as a result of the circumferential supracrestal fiberotomy on 112

teeth. However, Deporter et al. (198/) studied a quantitative comparison of collagen

phagocytosis in the periodontal ligament and transseptal fiber region of two male V/istar

rats using the techniques of electron microscope stereology. It was suggested that the

gingival transseptal fiber region has a high level of collagen turnover, therefore, slow

remodelling of the transseptal ligament was not responsible for orlhodontic relapse.

The efficacy of the circumferential supracrestal fiberotomy (CSÐ procedure in

alleviating dental relapse following orthodontic treatment was investigated by klwards

(1988) over a period of nearly 15 years in32O consecutively selected cases. It was

shown to be more successful in reducing relapse in the maxillary anterior segment than
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in the mandibular anterior segment. The surgical procedure appeared to be more

effective in alleviating pure rotational relapse than in labiolingual relapse. In addition,

there was no clinically significant increase in the periodontal sulcus depth nor decrease

in the labially attached gingiva of the CSF teeth following the surgical procedure.

(a)

l: Dentine

2: Enamel

3: Alveolar crest

4: Cementum

5: Surgical blade No. 11.
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(b)

Fig. 11. Schematic representation of area of surgical intervention. (From 'Walsh,

reTs)

. (a): t-abial and palatal aspects.

. (b): Inter-dental area.
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Furthermore, klwards (1993) suggested that the circumferential supracrestal

fiberotomy was not recommended in cases with moderate to severe gingival

inflammation or during active movement of the teeth because of the unpredictability of

regeneration of the epithelial attachment in such situations. The incision was not

recommended on the mid-labial or mid-lingual portion of any tooth with a n¿urow zone

of attached gingiva or clinically apparent thin plate of cortical bone to avoid possible

gingival recession.

Gingivectomy and Pericision Techniques

Numerous investigators have reported on the gingivectomy and pericision

techniques. For this present study, the shorthand term "pericision" has been adopted to

describe the circumferential supracrestal fiberotomy (CSÐ. Listgarten QnÐ suggested

that the gingival epithelium of the rat is similar to the epithelium of human gingiva which

consists of a stratified, squamous, keratinizing epithelium. The gingival tissues were

identified according to a number of different features by Kaplan et al. (lVl7):

a) The attached gingiva facing the oral cavity.

b) The unattached gingiva of the crevice facing the tooth.

c) The tissues in the col area.

Yamasaki et al. (1979) devised a study to establish the ultrastructure of the

junctional epithelium around the molar gingiva of 6 germfree Sprague-Dawley rats. It

was revealed that the junctional epithelium consisted of non-keratinizing epithelial cells

of squamous variety and was easily distinguished from the adjacent oral sulcular

epithelium showing marked keratinization.

Waerhaug (1955) concluded that an incision of the gingival tissue made at the

bottom of the pocket can remove the epithelial attachment. Listgarten (1967) paid

attention to the removal of soft tissue adhering to the tooth surfaces and the

interproximal areas. The tooth surfaces were carefully root planed with curettes to

remove any portion of the existing epithelial attachment. The location of surgery was

approximately 2 mm apical to the cemento-enamel junction.
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In a study of healing by Henning (1%8) fifty-six adult outbred male rats, the

gingival tissues were incised with a reduced and reshaped Fish gingivectomy knife and

a honed-down Gracey curette was used to remove the incised tissue. The incision was

made on a bevel at about 75" tlthe tooth and at a distance of I to 2 mm from the tooth

surface.

Brain (1%Ð used a Bard-Parker No. 11 scalpel to incise the freæ gingival fibers

on both the labial and lingual surfaces of the maxillary right second incisors. The

incision down to bone, extended along the alveolar crest (Fig. 12).

Fig. 12. l,ongitudinal section of gingival crest, illustrating position of scalpel (From

Brain, 1%9).
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In addition, Boese (1969) performed gingival surgery at the beginning of tooth

rotation using Macaca nemestrina (pigtailed) monkeys. The incision was made into the

interproximal tissue to the depth of the alveolar crest in order to remove most of the

supra-alveolar connective tissue in the labial lingual and inûerproximal zones.

In the same year, Novaes et al. (L969) studied microvascular detail of the

healing gingivectomy wound in eight mongrel dogs. Their procedures showed that the

average occluso-apical diameter of the wound was felt tobe2 mm in the first and 3.5

mm in the second and third incisors. The incision was started circa 1 mm coronal to the

mucogingival junction and was extended coronally to bevel the connective tissue bed.

Edwards Q9TO\ advocated the circumferential supracrestal fiberotomy procedure

to reduce the severity of rotation relapse of straightened teeth. It is an excellent adjunct

to the orthodontist's retention procedure which can reduce the relapse potential stored in

the supra-alveolar fibers. His surgical procedure consisted of inserting a No. 11 blade

(Bard-Parker type) to approximately 3 mm below the alveolar crest under local

anaesthesia. Meanwhile, Tonna (1970) performed simple, routine and standardized

gingivectomies on the mesial papillae of the maxillary first molars of 100 mice of

different age using surgical microcurettes and a fiber-optic cold light source.

Mills and Strahan (1970) introduced a vertical incision around the tooth with a

razor blade of 0.12 mm thickness. The incision was made keeping as close to the

cementum as possible and the teeth were retained for 3 to 18 weeks. rWalsh (1975)

carried out surgical procedures on thirty-one human teeth under local anaesthesia. A

Bard-Parker No. 11 was inserted into the gingival crevice down to the alveolar crest and

extended through 360' round the rotated tooth.

A vertical incision was made down to the level of alveola¡ crest and wa^s repeated

once more by Pinson and Strahan (1973\, using a Barraquer blade breaker with a

carbon steel blade, serving the gingival fibres around the full periphery. Crum and

Andreasen (1974) performed an incision approximately l-2 mm and 360" below the

alveolar crest around derotated anterior human teeth, using a number 15 Bard-Parker

blade without soft tissue removal. Kaplan (1977) preferred to used fragments of a razor
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blade with an ophthalmic blade holder. He suggested the use of a number 12 blade for

access to the lingual aspect of mandibular anterior teeth.

Rinaldi (1979) used a straight blade No. 11 Bard Parker type to make the

circumferential supracrestal fiberotomy cut around the teeth of four male and seven

female patients ranging in age from 14 to 20 years. Rinaldi cut around each tooth up to

the mesial and distal facial line angles. The surgery was not performed across the

midfacial area because of clinical experiences showing a loss of attached gingiva in this

area. In 1980, Boese made his surgical procedure the same as Edwards (1970) by

inserting the No. 11 Bard-Parker blade into the gingival sulcus and a circumferential

incision (avoiding the mid labial) was performed following the long axis of the tooth.

He also recommended the No. 12b Bard-Parker blade in situations where access w¿ts

difficult, particularly on the lingual of lower incisors.

In 1981 l-arsson and Schmidt suggested a modified technique that a marginal

incision was made buccally and lingually with a Swann-Morton number 15 scalpel

blade. The blade was moved parallel to the longitudinal axes of the teeth down to the

marginal edge of the bone. The papilla remaining between the teeth was excised down

to the top of the septum with curette, The wound was flushed clean and the wound edge

was sutured with interdental sutures.

Ahrens et al. (I98I) performed their incisions at 45" to the long axes of human

teeth on the labial and lingual aspects. Initial incision was made through bleeding points

(1 mm apical to the sulcus depth) and through the papillae to the crestal bone. However,

Listgarten et al. (1982) used only a sharp Gracey curette to curette free the soft tissue on

the mesial surface of the left maxillary first molar of 4-month-old rats.

A few years later, Sabag et al. (1984) performed gingivectomies on the

vestibular tissue of maxillary first molars with Kirkland knives No. 15 and No. 16 and

incisions were performed at an angle of about 75' and at2mm from each molar surface.

The gingival tissues were removed with Hu-Friedy curettes No. 13 and No. 14.

Specimens were taken 1 to 14 days after operation and processed for light and electron

microscopy.
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Microvascularization of gingival wound healing using corrosion casts was

demonstrated by Nobuto et al. (1987). The 6 x 6 mm of gingiva and periosteum

removed from the maxillary attached gingiva of forty-eight adult mongrel dogs was

observed to investigate the potential blood supply for grafts placed on denuded bone.

The acrylic resin capillary corrosion cast method was used and three-dimensional

changes in the revasculari zation in the gingival wound were observed by scanning

electron microscope (SEM).

TECHNIQUES FOR VASCULAR CASTING

A number of techniques have been developed to visualize the microvascular

architecture in the periodontium. The most satisfactory technique is to fill the vessels

with a material that can enable examination of the entire microvascular tree. Various

techniques will be described below.

India ink in gelatin technique

This technique was demonstrated by Bernick (1960, 1962) and Cernavskis &

Hunter (1965). It is the most simple technique using the colour of carbon particles in

the form of India ink mixed with gelatin. This mixture is introduced into the arterial

vasculature of the sample after using saline washout solution. Once the gelatin has set,

the specimen is fixed, decalcified and sectioned. Then the three-dimensional

architecture is reconstructed from histological sections.

Microangiographic technique

Cohen (1959, 1960), and Saunders and Rockert (1967) injected a radiopaque

medium, and then fixed and decalcified the specimen. Then the specimen was placed on

fine grain photographic film and irradiated. The image can be examined under the light

microscope. This technique renders a specimen into only two-dimensions.
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Microsphere technique

A study by Folke and Stallard (1967) using plastic microspheres examined the

size and distribution of the vascular periodontium from the tissue section. They infused

periodontal vessels with microspheres of approximately Iíym in diameter. The3OTo

variation in size of the microsphere should be considered because the spheres will be

trapped in vessels ranging from 10 to 2O pm. However, the completeness of this

technique could also be influenced by the aggregation of microspheres within the vessel

lumen.

Vital microscopy technique

This technique has been used to examine the vasculature in vivo and does not

disturb the normal anatomy and physiology. Forsslund (1959) observed the capillary

system of the gingiva in man, but only the superficial blood vessels of the buccal tissues

were investigated. Unfortunately, this technique can not observe the deeper vessels so

it is not good for studying the vascular architecture in detail.

Vascular casting technique

Nowell et al. (1970) first reported the use of the SEM to study latex micro-

corrosion casts. A year later, Murakami (197I) produced the first publication

describing the use of acrylic resin corrosion casts in the SEM. This technique begins

with the vascular tree being perfused with the liquid acrylic which then solidifies. The

perfused tissue is corroded away to leave the lumenal contents (Hodde & Nowell,

1980). This corrosion cast can then be studied under the stereo light microscope

(Kindlova and Matena 1959,1962) or scanning electron microscope (Nakamura ø/ ø/.

1983). This technique has become widespread because it enables observation of the

entire vascular tree without masking by the surrounding tissues. The main disadvantage

of the castings are extremely fragile and tend to disintegrate during corrosion. In 1978

Gannon demonstrated two main types of injection media used for SEM corrosion

castings"
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Rubber compounds

Many investigators used latex micro-corrosion casts in the light microscope for

their works (Kindlova & Matena, 1959,1962; Kindlova, L963, 1965a, 1965b, 1967,

1968, 1970). While Nowell et al. (1970) Nowell and l-ohse (1974) used the SEM.

The advantages and disadvantages of the rubber compounds were conside.red by Nowell

and Lohse Qq7Ð. The advantages are that it enables complete replication at the

microvascular level, minimal increase in viscosity during preparation, the opacity of

some latex media allows orientation of the specimen, and the elasticity of the vulcanized

medium allows virtually distortion-free gross dissection. V/hile the disadvantages are

that the casts of dilute latex require freeze drying, they do not consistently replicate

luminal surface microstructures. Distortion, drooping and adhesion of the latex casts

indicated that it is an unsuitable technique for scanning electron microscopy (Murakami,

I97l: Gannon, 1978).

Polymer resins

These media consist of a base resin and a polymerizing catalyst which is added

immediately before use. Working time varies from2-20 minutes. Polymer resins have

had several modifications made for providing better dissectability of the casts

(Murakami, l9'7I, 1975; Murakami et ø1., 1973, 1984). The entire specimen was

rendered conductive with osmium tetroxide-hydrazine hydrate vapour and by adding 30-

5O7o monomeric methacrylate for lowering the viscosity (Murakami et aI. 1973). The

advantages are that the resins permit complete replication of the internal lumen of blood

vessels including microstructural detail. The resin casts can withstand strong acid and

alkali corrosion. They are stable, strong and do not collapse so that they can maintain

the vascular architecture. They can be rendered conductive which makes them suit¿ble

for the scanning electron microscope. This was encouraged by Gannon (1978, 1981

and 1985). Furthermore, [-ee (1988) used Mercox resin, which is a newly developed

injecting type resin that does not need heat before and after injecting.
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The present investigation aims to study the revascularization of gingival wounds

after gingivectomy and pericision of the molar teeth of rats using Mercox resin. The

results will be examined by the SEM corrosion casting technique.
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CHAPTER 4: MATERIALS AND METHODS

A. THE EXPERIMENTAL MODEL

Sixty male Sprague-Dawley rats aged &1 days were obtained from the Waite

Agricultural Institute. They were transferred to the animal house in the Medical School

Animal House where temperature, lighting and humidity were controlled. The rats

weighed approximately 4509 at the start of the experiments and the rats were divided

into three groups. Group one was a non-surgical group of 16 rats for control purposes.

Group two (22 rats) received gingivectomy of the left maxillary first molar and

pericision of the right mandibular first molar teeth. Group tlvee (22 rats) had pericision

of the left maxillary first molar and gingivectomy of the right mandibular first molar

teeth. The operation was performed on the left maxillary and right mandibular first

molars meanwhile, the right maxillary and left mandibular first molars served as

controls. After two weeks, four weeks and twelve weeks, the rats in each group were

anaesthetized and the blood in the head and neck region wa.shed out (Tables 4-6). This

procedure was followed by the injection of a casting material, polymerized methyl

methacrylate Mercox resin (Hodde et al., lg77), into the blood stream. After the casting

material had set, the soft and ha¡d tissues were corroded away leaving behind a vascular

replica in acrylic. The acrylic cast was then coated with gold for SEM examination and

photographic recording to enable 3-D visualization in a stereo-viewer.

Table 4.

I. Control rats

a

a

a

a

0 week

2 weeks

4 weeks

12 weeks

4 rats

4 rats

4 rats

4 rats

&l days

98 days

I 12 days

168 days

No. of rats of ratsTime of control



50

Table 5.

Group II. Experiment A. (22 rats)

time No. of rats Lt. maxilla Rt. mandible
. 2 weeks

. 4 weeks

. 12 weeks

6 rats (fA days)

8 rats (112 days)

8 rats (168 days)

gingivecûomy

gingivectomy

gingivecúomy

pericision

pericision

pericision

Table 6.

Group III. Experiment B. (22 rats)

n time No. of rats Lt. maxilla Rt. mandible
. 2 weeks

. 4 weeks

. 12 weeks

6 rats (9t3 days)

8 rats (1 12 days)

8 rats (168 days)

penclslon

pericision

pericision

gingivecûomy

gingivecûomy

gingivectomy

B. LABORATORY PROCEDURE

Gingivectomy and pericision anaesthesia

In early experiments, each rat was weighed and transfered from the metal cage to

an enclosed chamber containing Halothane. The rat remained in the enclosed chamber

until he could not hold up his head. Twenty two rats were anaesthetized with an

intraperitoneal injection of penûobarbitone sodium (Nembutal 60rng/ml), diluted 1:1 with

normal saline solution (NSS) to give a dosage of 30 mg/ml by using approximately O.2

ml per 100 gm body weight. Some rats died after anaesthetization so that the others

(22) rats were anaesthetised with Ketavet (Ketamine 100 mg/10 ml) by using

approximately 0.1 ml per 100 gm body weight combined with injection of Rompun (20

mg/ml) that served as sedation, analgesia and muscle relaxation. Approximately 0.05

ml per 100 gm body weight for each produced satisfacúory results.

The correct degree of anaesthesia was attained when foot pad and corneal

reflexes could no longer be elicited before the operation begun.
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Gingivectomy and Pericision Methods

Gingivectomy and pericision in the present study were scheduled to achieve

healing periods of 2,4, and 12 weeks. The experimental equipment (Fig. 13) should be

sterile before the beginning of the operation and gingivectomy and pericision were

performed as follows.

Experimental Equipment

Fig. 13. Gingivectomy and Pericision Equipment.
. 1: No. 11 Bard-Parker blade
. 2: Hu-Friedy Curette
. 3: Syringe of Nembutal
. 4: Gauze

. 5: Container of IOTo buffered formalin

. 6: Retractor

. 7: Tissue-forceps



52

Experiment A.

Twenty-two, &[ day-old, male Sprague-Dawley rats, average weight 450 grams

were operated upon to remove gingival tissues of the left maxillary first molars and

pericisions were performed on the right mandibular molar gingiva as described below:

1. Each rat was immobilized on its back by means of a rubber band looped about

the legs on the operative board and his head was turned in RHS position to

protect from blood aspiration as shown in Fig. 14.

r{
.\r¡¡

1t
:l

I

t
I Fig. 14. Male Sprague-Dawley rat secured to the operative board at the beginning of

the experiment.

þ

¡i

ì
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2.The head and neck were kept extended by a rubber band looped over the

upper incisors and the mouth was opened by elastic retraction on the lower

incisors.

3. The operation was carried out under a fiber-optic light'

4. The No. 11 Bard-Parker scalpel blade was used and the incision was

performed at an angle of about 75' and at 1.5 mm. from gingival margin of the

left maxillary first molar (Fig. 15). The gingival tissues were removed with Hu-

Friedy curettes.

5. The gingival tissues were placed in lovo buffered formalin.

Fig. 15. Gingivectomy was performed at the left maxillary first molar of the rat.

. UL: læft mæiillary firstmolar

. UI: Upper incisors

. LI: L,ower incisors

I

!
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6. At the same time pericision was performed using a No. l1 Bard-Parker

scalpel blade to incise the free gingival fibres around the right mandibular first

molar (Fig. 16).

7. The rat was wrapped in a towel and kept in a warm place until out of

anaesthesia,

8. The rats were allowed to recover in their chambers.

9. They were fed a standard laboratory diet and water ad libitum and were

sacrificed in groups at the allocated time intervals after surgery.

Fig. 16. Pericision was performed at the right mandibular first molar of the rat.

. LR: Right mandibular first molar

. UI: Upper incisors

. LI: Lower incisors

I
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Experiment B.

Twenty-two, 84-day-old, male Sprague-Dawley rats were managed in a similar

manner to Experiment A, except that gingivectomy was performed on the right

mandibular first molar and pericision was performed on the left maxillary first molar.

The right maxillary and left mandibular first molars again served a.s controls.

Perfusion anaesthesia

Subsequently, the rats were weighed and anaesthetized with an intraperitoneal

injection of pentobarbitone sodium (Nembutal 60rng/ml), diluted 1:1 with normal saline

solution (NSS) by using approximately O.2 ml per 100 gm body weight. Then the rats

were transferred to the orthodontic laboratory.

Anticoagulant

Heparin B.P. (5000 LU./5 ml) was used in this experiment. The animals were

placed on their back and a suMermal incision was made obliquely along the medial

surface of the right hand leg using tissue-scissors. The underlying fascia was removed

with blunt dissection to expose the femoral vein. Then the rats were injected with

Heparin B.P. intravenously at a dose of 0.02m1/1009m body weight.

Dissection and Cannulation

Preparation

The vascular casting technique was described by Tompsett (1970), Murakami

(1971), Gannon (1978), Hodde and Nowell (1980), and Lametschwandtner et al.

(1%4).

The operating instruments should be prepared before the beginning of operation

as shown in Fig. 17. The carotid artery cannula and the inferior vena cava (IVC) drain

were assembled the day before experimentation. The IVC drain was bevelled and

flamed to prevent dislodgement and allow easy insertion. Prior to perfusion, the tubing

was flushed with Heparin to avoid undesirable coagulation of blood entering the tubing.
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The neck and chest dissection, and cannulation of the right and left common carotid

arteries, and the insertion of the IVC drain were performed by one operator and one

assistant.

Dissection of the neck

The rat was placed on the openative tray after it became completely immobile and

did not react to stimuli. During this period the operation was performed with the head

of the rat toward the operator. Illumination was provided by a fiber-optic light (Fig.

I7)' The animal was painted with a wet Barrze at the neck and chest regions, then a

midline skin incision was made extending from the hyoid bone to the sternum.

Blunt dissection was performed through the subcutaneous salivary glands with a

small haemostat. The tips of the forceps were directed through the muscle toward the

midline and then spread apart to make a longitudinal division of the muscle extending

from the point of its upper attachment to the level of the lower border of the thyroid.

This step of the operation should be carried out with a clcar vicw of the area and without

producing much hemorrhage. The carotid bundles were located lateral and deep to the

trachea, then a fine blunt dissection with curved tweezers should be used. Care is taken

to avoid injury to the trachea and external jugular veins. The fine curved tweezers were

hooked around the carotid bundle and the vagus nerve was carefully separated. Each

common carotid artery was tied loosely with two # 3-0 black silk sutures.

The assistant elevated and held taut each common carotid artery so that the

operator could made a fine oblique cut with the iris scissors approximately 5 mm from

the caudal end. Then the tip of the carotid cannula was inserted through the common

carotid artery about I cm. Before cannulation, the perfusion pressure should be

increased ûo 40mm Hg. V/hereas, the pressure at which low viscosity replicating media

should approximate the ma,ximum pressure (50-60 mmHg) experienced by the system in

the living animal (Hodde and Nowell, 1980). The double black silk sutures were tied at

the distal end around the vessel and cannula and the third black silk suture was tied to

the vessel near the cut edge. The end of the black silk sutures were fixed to the front leg
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of the rat with micropore tape. Cannulation of the other side common carotid arûery then

followed. This procedure required 15 minutes to complete.

Dissection of the chest

After complete cannulation of the common carotid arûeries, a horizontal incision

was made at the base of the sternum to expose the xiphoid process, diaphragm and chest

cavity. Both the upper and lower parts were cut in a lateral direction to allow reflection

of the chest cavity, exposing the heart clearly. The inferior vena cava was located and

separated by blunt fine tweezers and then tied loosely with ¡vo 3-0 black silk sutures.

The inferior vena cava was held taut while the incision was made at the vessel

wall with iris scissors and the IVC drain (use polyethylene tube No. S.p. 95

approximate l0 cm.) was inserted. The first black silk suture was tied at the distal end

around the IVC and drain. The second black silk suture was tied to the IVC near the

cutting end. The drain was ligated firmly and drained into a glass beaker.. The

ascending aorta and the pulmonary arteries were tied around with black silk sutures to

prevent unnecessary perfusion of the heart, lung and lower limbs (Fig. 1g).

Perfusion procedure

Perfusion apparatus

The equipment used for blood washout and subsequent resin casting was

reported by Murakami (1971) and modified by Gannon (1978) as shown in Fig. 17.

It was essentially a controlled pressure unit comprising a one-litre aspiration

bottle with a spout at the bottom. The aspirating bottle could be pressuri zed atany level

from 0 ûo 360mm Hg, using the air pressure in the bottle.

The three-way stopcock could be closed when it was not required to perfuse

from the aspirating bottle. The spout was connccted to an 18C needle hub. The ¡eedle

shaft was inserted into the beginning of a series of tubing of reducing diameter, which

bifurcated to give two cannulae at the ends for the left and right common carotid arteries.
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The 18G needle hub could be removed from the spout and a 20ml syringe of resin or

fixative could be attached to the 18G needle and the rest of the tubing'

Fig. 17" Dissection and Perfusion Equipments'

. 1: Magnetic stirrer and heater o

o 2: Spout with 18G needle attached '
. 3: Aspirating bottle '
. 4: Mercury manometer '
. 5: Air pressure regulator '
. 6: Carotid cannula '
c J'. Three-way stopcock '
. 8: Fiber-optic light '
. 9: Operative tray '

Syringe of Nembutal

Syringe of Heparin

20 ml Syringe

Iris scissors

Tissue-scissors

Tissue-forceps

Arterial forceps

Micropore tape

Gauze

No. 3-0 black silk suture

a:

b:

c:

d:

e:

f:

(''
Þ'

h:

i:

j:a
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Fig. 18. Dissection and cannulation of the rat'

. 1: Right common carotid cannulation'

. 2: Aorta and pulmonary arteries were tied around with black silk sutures'

. 3: Inferior vena cava drain"

.4'.IntravenousinjectionofHeparinthroughfemoralvein.

. 5: [.eft common carotid cannulation'

Perfusion medium

a) Washout solution

Blood washout solution should be freshly prepared for each animal' The

composition of-one litre of washout solution and preparation are demonstrated in

Appendix 4.

q
3

..9't
/
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Washout solution consists of Polyvinylpyrrolidone (PVP-40) used as a

physiological colloidal osmotic pressure of 25mm Hg, Sodium nitrite used as

vasodilator and Papaverine Hydrochloride served as a smooth muscle relæcant. Heparin

was used as an anticoagulant (Gannon, 1978).

b) Replicating medium

Mercox resin was prepared by mixing 20ml of Mercox resin CL-2R with 0.5g

of catalyst MA of the Japan Vilene Company, LTD (Appendix 5).

The resin has a viscosity of about 2O-3O centistokes. It sets at different rate by

varying the quantity of the base resin. Details of Mercox resin are presented in

Appendix 5. Base resin and catalyst should be mixed just before injecting. Spread out

hardening paste with a glass stick to the bottom of the beaker, then add base resin and

stir approximately for 10-20 seconds, carefully making sure no bubbles are generated.

Perfusion and injection methods

500 ml of blood washout solution was prepared. The aspirating bottle was

pressurized to 360mm Hg after the animal had been cannulated while the blood drained

out of the inferior vena cava. When the blood was washed out through the IVC, the

tongue and gingival tissue turned pale and the eyes tumed clear. Complete washout was

indicated by lack of the blood in the egress, usually 10 to 15 minutes. A syringe of

2}ml I7o glutaraldehyde fixative prepared in 0.lM phosphate buffer, was inserted into

the three-way stopcock to preserve the most natural forms of cellular ultrastructures.

The introduction of air bubbles into the tubing would cause incomplete casting, and care

must be taken to avoid porosities. The rat went into spasm and the eyes turned yellow

when fixative was perfused through the three-way stopcock by hand pressure and then

perfused again for another 10 to 15 minutes with the washout solution.

The 20ml syringe, containing 15 ml of mixed Mercox resin was inserted into a

needle hub. Care must be taken to avoid the introduction of air bubbles into the tubing

while the Mercox resin was perfused through the vessels rvith hand pressure. The
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three-way stopcock was removed from the 18G needle hub. Because the curing time of

Mercox resin is about 5-10 minutes, the operator should maintain the hand pressure for

approximately 10 minutes until it is set. The IVC outlets and the common carotid inlets

were clamped to keep the pressure of the replicating resin in system. When the

perfusion finished, the animal was removed and placed in a 50'C waÍn r,vater bath for

one day to prevent collapse and to complete polymerization of the replica

(l-ametschwandtner et al., lg%).

Demineralization and Sectioning

Demineralization

The animal was beheaded after complete polymerization. The excess tissue was

roughly trimmed away from the head of the rat and then placed in IOTo hydrochloric

acid (HCL). One day later, the mandible and maxilla were separated (Figs. 19,20) and

then placed in fresh HCL.

Fig. 19. The maxilla of the rat after separation.

. UR: Right maxillary first molar .

. UI: Upper incisors

UL: t-eft maxillary first molar
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Fig. 20. The mandible of the rat after separation.

. LR: Right mandibular first molar

. LL: [-eft mandibular first molar

The acid solution was changed daily lor 3-4 days to decalcify the hard tissues.

Further, specimens were rinsed in distilled water for 15 minutes to remove salts in the

external medium which would otherwise crystallize on freezing and contaminate the

dried surface. The specimens were then placed in the freezer for at least 4 hours before

sectioning. This could stabilize the specimens and minimized distortion of the casts

during sectioning (Hodde and Nowell, 1980).

Sectioning

After 4 hours or more, the frozen specimens were trimmed. The lateral,

posterior and superior parts of the upper jaw were trimmed with sharp safety razor blade
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or large scalpel blade. While in the lower jaw, the tongue was removed carefully with a

No. 11 scalpel blade.

Tissue corrosion

The specimens \ryere placed in a square glass jar of l\Vo potassium hydroxide

(KOH) solution and then were moved into a37"C incubator for 24 hours to macerate the

soft tissues. Alternate soaking in I\Vo KOH, I}VoIFrCL and rinsing in tap water was

done. The process was repeated until the tissue was removed completely as assessed by

using the light microscope. Usually, the tissue corrosion period is about 2 to 4 weeks.

C. THE SEM CORROSION CAST STUDY

Drying the casts

Cleaned casts were then rinsed in double-distilled \ryater. After rinsing, a few

drops of detergent were added to the water. The detergent served to reduce the surface

tension of the water so that the casts clicl not become distorted by surface tension during

the drying process. The specimens were then carefully placed on a filter paper and

allowed to dry in a fume cupboard for approximately 1-2 days. Cleaned and dried

specimens were placed in a closed container to prevent dust contamination.

The specimens were observed under the stereo dissecting microscope for their

morphology, cleanliness and completeness. The gross anatomy of the vascular

interconnections was noted.

Mounting of sectioned casts

Clean, dry casts (Fig. 21) were mounted on 1.25 and2.5 cmdiameter (pin-type)

aluminium SEM stubs. The stubs can be placed in a wooden cotton reel to leave both

hands free to manipulate the specimens. Double sided adhesive tape was used to adhere

the specimen on to the stub. Conducting Silver Dag was applied with a fine paint brush

or tip of a dental explorer. Care must be taken with the Silver Dag as it tends to spread

over the cast and may cover the area of interest.
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The purpose of mounting was to form a stable base for SEM examination and

also to ground the casting to discharge electrons when it was bombarded in the SEM.

This prevented charging of the specimen during examination (I-ametschwandtner et al.,

1e84).

Fig. 21. Dry, clean maxillary and mandibular casts before mounting'

. UR: Right ma'rillary first molar

. UL: l-eft maxillary first molar

. UI: Upper incisors

. [.R: Right mandibular first molar

. LL: L-eft mandibular first molar
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Osmification of specimens

The Mercox casts are non-conductive for electrons. For SEM examination, they

must be coated with a conductive layer which :-

a) Facilitates the primary electrons grounding and thus prevents charge build-up

on the specimen, and

b) Gives off secondary electrons to produce a good image.

The equipment as shown in Fig. 22. and method of Osmification of the

specimens are demonstrated in appendix 6.

The dry vascular casts were treated with vapourized osmium for Yl-ß hours as

suggested by Murakami et al. (1973,19U), to ensure compleúe conductivity of the casts

and to obtain well contrasted images in the SEM. Always use both osmium tetroxide

and hydrazine hydrate in the fume cupboard with the glass front down and gloves on

because vapours from these chemicals are harmful to skin and will damage eyes

irreversibly. The advantage of this method is that the cast can be repeatedly dissected,

and viewed in the SEM without additi<lnal sputtering (Hulcte ancl Nowell, 1980).

Specimen coating

The sputter coating method is very successful because the sputtered gold atoms

have a high kinetic energy and are sticky and thus adhere rapidly to coat the specimens.

Specimens were placed in a small vacuum chamber on an anode plate which was

immediately below a cathode plate which was composed of gold. A moderate vacuum

was attained while the ionising inert gas was bled into the chamber. A potential was

applied between the anode and cathode plates which ionised the gas present. These

ionised gas atoms sputtered atoms from the surface of the cathode and deposited them

on the specimen surfaces.

The casts were coated with sputtered gold intermittently for a total of 6 minutes

to avoid overheating and distorting of the casts (Hodde and Nowell, 1980). The

specimen mount was tilted at different angles to ensure even coating of the surfaces.
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This coating increased the electrical and thermal conductivity of the cast and prevented

charge build-up during examination in the SEM (Murakami, I975; Murakami et aI"

1984).

Fig. 22.The equipment of Osmification.

. A: Mounted and labelled sPecimen

. B: Glass jar was labelled with Osmium tetroxide

. C: Glass jar was labelled with sublimate

o I Glass Jar was labelled with Hydrazine hydrate

o f, Glass rack for holding stubs

. F: 1 gram ampoule of Osmium tetroxide

. G: SEM forceps

. H: Hydrazine hydrate

. I: Parafilm "M"
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SEM examination and recording

The specimens were examined in a Philips XL 20 SEM (Fig. 23) at 0.2-30kV

accelerating voltages and focus range of 2.5-100 mm. Accelerating voltages were kept

low to minimize charging and thermal damage, so that deformation of the casts was

minimized (lametschwandtner et al.,1984). A beam accelerating voltage was selected

between I and 20 kV. The final lens aperture was 2N pm and dynamic focus for tilt

angles was +50'. Stereopair micrographs were taken routinely at a 5" *,2" angle of tilt

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

methodology of taking stereo photographs with the SEM has been described by Boyde

(1973), Howell (I975),1-aw et al. (lÇ/l3t), and Wergin and Pawley (1980).

Fig. 23 Photograph of the Philips XL 20 SEM.

A: Electron optical column

B: Specimen chamber

C: Photographic recording

D Video graphic prinûer
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Photomicrography

Photomicrographs were taken on the photographic equipment attached to the

Philips XL 20 SEM. Ilford (FP4 plus) black and white film was used in this study.

The coded corrosion casts were automatically recorded on films between magnification

at l'lx and 588x.

Developing and Printing

The films were developed using Ilford Microphen Developer and llford Hyparn

Rapid Fixer, following the manufacturer's instructions, in a Patterson developing tank.

The negatives were printed on 9cm x 12cm Ilford multigrade paper using a Durst

l-aborator 54 enlarger.

The prints were developed in Ilford multigrade developer and fixed in Ilford

Hypam Rapid Fixer according to the manufacturer's instructions. The prints were dried

in an air dryer (Model RCD-33, FC Manufacturing CO. Ltd. Osaka, Japan) and stored

in envelopes.

Stereopair viewing of photomicrographs

All photomicrographs were examined in pairs using a Stereo Aids viewer. This

enabled all images to be viewed in three dimensions. A tremendous advantage of taking

stereopair photographs was suggested by Gannon (1978) that a stereopair conveys at

least 10 times as much anatomical information as single micrographs. More information

was available using this method of viewing than by examining 2-dimensional images of

higher magnification.
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CHAPTER 5: FINDINGS

The findings in this investigation have been presented broadly in 3 sections as

below:

. Gingival and periodontal vascularization of the control group

. Gingivalrevascularizationaftergingivecûomy

. Periodontal revascularization after pericision

The vasculature of maxillary and mandibular first molars have been observed

from the occlusal aspect to provide three-dimensional examination with stereo-pair

pictureô. Vascular Patterns in buccal, lingual or palatal, mesial and interproximal or

interdental aspects of the mandibular and maxillary first molar sockets of the control

Sroup were compared with those of the surgical groups and the previously reported

findings (vy'eekes, 1983; wong, 1983; weekes & sims, 1986; wong & Sims, l9g7;

Lee, 1988; sims ¿/ al., 198F;I-ee et al., l9x)). In this investigation considerable

differences were noted between control and surgical groups. Further, there were no

apparent differences in the vascular architecture of the buccal, mesial and lingual aspects

of the first molars while there were remarkable differences interproximally. There was a

fundamental difference between the tooth sockets whereby the maxillary first molar

circumference was greater than that of the mandibular first molar. Moreover, the

number of root sockets of the maxillary and mandibular first molars were also

considerably different. Each maxillary first molar consisted of five root sockets while

each mandibular first molar had only four (Figs. 24-27).

The following morphological descriptiorts will depict the gingival vasculature

around the maxillary and mandibular first molars. Variation of the first, second and

third molars architectures were not observed in this investigation. In order to better

understand the vascular changes which occurred after gingivectomy and pericision a

brief review of normal vasculature in the control groups will be described. Arteries and

veins can be identified on the basic imprint pattern (Hodde et at. Ig77; Hodde, 1981)
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that arterial endothelial cells have oblique-shaped, ovoidal nuclei and microvillous

protrusions while venous endothelial cells have circular nuclei' no microvillous

protrusions and more rounded bases. Moreover' the ultrastructural differentiation of

arteries through capillaries to veins are classified on the basis of Rhodin (1967;1968)

relating to internal vessel diameter'

The following photomicrographs in these findings show data imprints at vanous

magnifications of the specimens. The meaning of these data imprints are described as

below:

Acc. V = Accelerating voltage in kVa
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7).

molar of the 1l2-day-old rat

ouP A)'

ooking down the root sockets of the

sockets in each mandibular first molar and

that of the maxillary first molar (Fig' ?A)'

. RS = Root socket

. ID = ln@rdental area

. MS = Mesial asPect

. BC = Buccal aspect

' LG = Lingual aspect

' lR = lnterradicular network

J:
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Fig.26Vascularcastofthefirst,secondandthirdrightmaxillary

molarsofthell2-day-oldrat(contralateralcontrolinexperimental

grouP B)"

. Ml = First molar region

. lttr2= Second molar region

. M3 = Third molar region

. PN = Palatal network

. BN = Buccal network

. CR = Crestal vessels of ruga

2mm

.\

Er.ISpot tilagnAcc.V ìlol¡r¡' oú vYD ErP

sE 25.6 18 
,t0.0 kV ¡1.0 17x
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Fig. 27 Yascular cast of the first, second and third left mandibular

molars of the 168-day-old rat (contralateral control in experimental

group B).

. Ml = First molar region

. M2 = Second molar region

. lvf3 = Third mola¡ region

. LG = Lingual aspect

. BC = Buccal aspect
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GINGIVAL AND PERIODONTAL VASCULARIZATION OF THE

CONTROL GROUP

Gingival and periodontal vasculature

Blood vessels of the gingiva entered from the alveolar mucosa and ran along the

bone surface toward the alveolar crest. The crevicular plexus was derived from an outer

circular vessel system and an inner circular vessel system (Fig' 2S)' The outer circular

vessels comprised a flat plexus of capillary-like vessels. These vessels extended over

the entire length of the crevice and towards the free gingival crest where the vessels

ended in hairpin-like loops and continuous network' These loops and continuous

network were commonly found on the buccal, lingual, and mesial aspects of the first

molar and ranged from &12 ¡m in diameter (Figs. 2g3o). Each hairpin loop consisted

of two limbs ranging from 100-300lm in height. One was an ascending limb less than

8 ymin diameter which was classified as an arterial capillary vessel' The other was a

descending limb approximately 8 to 12 ¡m in diameter which was classified as a venous

capillary vessel. The outer circular vessels inclined toward the oral epithelium and were

found to be numerous and dense while the inner circular vessels sloped toward the

crevicular epithelium and were shorter and less in number than those of outer circular

vessels. The continuous capillary network or hairpinJike loops followed the contour of

the gingivae and circumscribed all the molars. The vessels underlying the outer circular

system were supplied by arterioles from the gingival tissues and alveolar bone and then

drained via a large number of vessels 8 to 30 ymindiameter and were thus categorized

as postcapillary-sized venules. The postcapillary-sized vessels usually drained into

outer single circular vessels which were classified as collecting venules approximately

30 to fi þmin diameter. However, some of the postcapillary venules anastomosed

with the periodontal ligament vessels.

The inner circular vessels consisted of a row of twisted and coiled vascular

loops, ranging from 5o to 150 ¡m in height and 8 to 15 ¡m in diameter' These loops

protruded vertically following the configuration of the alveolar crest' This row of loops

was generally located in the gingivae adjacent to the junctional epithelium' running
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continuous arong the outer circurar vessels and extended into the interproximal papillae'

These loops were numerous in the buccal and lingual or palatal areas of the interdental

gingivae and were rarely seen in the central part of the interdental papilla' Each twisted

or coiled vascular loop consisted of two limbs as well' The ascending limb (smaller)

was a branch of a terminal arteriole from the gingivar tissues. This limb was classified

as an arterial capillary vessel less than 8 ¡rm in diameter' The capillaries twisted around

each other and extended toward the tip of the loops where the vessels became larger (10

to|5¡lmindiameter)andwerecategorizedaspostcapillary-sizedvenules(Fig.31).

Thedescendinglimbofthetwistedorcoiledloopcoalescedandenlargedupto20to25

ym indiameter and drained into the collecting venule 30 to 5O pm in diameter of the

deeper gingival tissues'

Further,therewasafowofshorthairpin-likeloopssituatedatthelowerlevelof

the row to twisted and co'ed roops. These roops were identified as periodontal loops'

rangingfrom3o-60¡minheight'Therewereanastomosesbetweenthecrevicular

vessels and periodontal ligament vessels at this row of loops (Fig' 32)' The short

hairpin-like loops ran along the outer circular vessels and extended into the col area to

form a ring around the tooth sockets'

Thevasculararchitectureofthemaxillaryandmandibularfirstmolarswere

similar structures. These will be'lustraæd and described separately in each aspect'

Buccal asPect

Thebuccalgingivalvesselscomprisedacrevicularlooppatternwhichranged

from the continuous capillaries or hairpin loops to twisted or coiled loops with mtrltiple

branching similar to the palatal or lingual and mesial aspects (Fig. 33). These loops ran

parallel to each other to communicate with those of the mesial' palatal or lingual gingival

vessels. These crevicular loops arose coronal to the circular plexus and extended into

thegingivalpapillae.Thiscircularplexusreceivedbloodfromthecrevicularloops,

gingivalloopsandfromtheperiodontalligamentvessels.Further,thebloodwas

drainedviathegingivalveinandtheperiodontalligamentvesselsaswell.
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Palatal or lingual aspect

It appeared that the vascular structure of the palatal a.spect was similar to that of

the buccal and mesial aspects (Fig. 3a). The vasculature on the palatal or lingual

gingival aspect comprised loops which were aligned with and ran along the palatal or

lingual contour of the ûeeth. These loops connected with those of the mesial and buccal

aspects. The continuous capillaries or hairpin-like loops were more numerous and

longer than the twisted or coiled loops. The distance between twisted or coiled loops

was approximately 50 to 100 ¡m. There were anastomoses at a deeper level between

the row of continuous network or hairpin-like loops and twisted or coiled loops.

Mesial aspect

The vessels in the mesial aspect continued from the buccal and lingual crevicular

vessels and had similar orientations. These vessels also communicated with the vessels

of buccal and palatal or lingual gingival networks (Fig. 35).

Interproximal aspect

The interproximal col vessels were continuations of the buccal and palatal or

lingual gingival crevice. The arterial supply arose from the buccal and palatal or lingual

gingival tissues. Terminal arterioles approximately 20 pmin diameter branched to form

twisted and coiled loops in the col area. In the interdental area the vascular structures

were different from elsewhere in that there were more rows of twisted or coiled loops

and the row of short hairpin-like periodontal loops which continued into this area. A

large number of the vessels in the col area comprised the twisted or coiled loops which

extended up toward the col area but were rarely seen in the central part of the interdental

papilla. These loops were particularly noticeable on the palatal or lingual and buccal

gingival tissues where the vessels continued into the col area. The short hairpin-like

periodontal loops in this area rvere continuous from those of the buccal, mesial and

palatal or lingual aspects but were located at the same level a^s the twisted or coiled loops

(Fig. 36). As the vessels branched, the narrower branches were classified as capillary
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vessels. These capillaries ultimately formed larger vessels of 8 to 3O ¡tm in diameter

that were classified as postcapillary-sized venules. These vessels turned to coalesce

until eventually the whole network was drained by a single collecting venule 30 to 50

pmin diameter which then extended toward the cementum and communicated with e

periodontal ligament vessels.

i
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V Spot Magn

.+,

Fig. 28 The right mandibular firct molar of the 112 days old rat (control

group) showing the inner and outer circular vessels.

. OV = Outer circular vessels . IV = Inner circular vessels

. BN = Buccal network . LN = Lingual network
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Mesiolingualaspectoftheleftmandibularfirstmolarofthell2

old rat (contralateral control in experimental group B)

demonstrating the continuous capillary network'

. AL = Ascending limb of the continuous capillary network (^ó-8 pmindiameter)

. DL = Descending limbs of the continuous capillary network (-S-tz ymindiameter)

. PC = Post capillary venule (-15-30 ¡m in diameter)
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Fig. 30 Higher magnification of hairpin loops from the mesial aspect of

the left mandibular first molar of the 112 days old rat (contralateral

control in experimental grouP B).

. AL = Ascending limb of the hairpin loop (-6-8¡m in diameter)

. DL = Descending limb of the hai¡pin loop (-8-12 ymindiameter)

. TH - Tip of the hairpin loops

. PC = Post capillary venule (-Il2O pmin diameter)
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Fig.3lHighermagnificationoftwistedandcoiledloopsfromthe

mesiolingualaspectoftheleftmandibularfirstmolarofthell2daysold

rat (contralateral control in experimental group B)'

.AL=Ascendinglimbofthetwistedorcoiledloop(^,Gspmindiameter)

.DL=Descendinglimbofthetwistedorcoiledloopl-3-15pm\ndiameter)

TG = Tip of the nvisæd or coiled looP

pç = Post capillary venule (-1130 ¡'rm in diameter)
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Fig. 33 Occlusal view of the bucc¡l aspect of the right maxillary first

molar of the l6E days old rat (contralateral control in experimental group

B) demonstrating the orlentation of the hairpin and twisted or coiled

loops.

The hairpin loops are aligned in multiple rows that parallel each other and extend over

the entire length of the crevice at a higher level than the twisted or coiled loops'

.TL=Twistedorcoiledloopsarelocatednearthebaseofthesulcus.

. HL = Hairpin loops extended over the entire length of the gingival margin'

. CO = Connective network between the hairpin and ¡visted or coiled loops
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Fig. 34 Lingual aspect of the right mandibular first molar of the 168

daysoldrat(controlgroup)demonstratingtheorientationofthe

continuous capillary network and twisted or coiled loops'

The photomicrograph shows the twisted or coiled loops run along the continuous

network similar to that of the buccal and mesial aspects'

. TL = Twisted or coiled looPs

. CN = Continuous caPillary network

. PDL = Periodontal ligament vessels
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Fig.35Mesialaspectoftheleftmandibularfirstmolarofthell2days

oldrat(contralateralcontrolinexperimentalgroupA)demonstratingthe

orientation of the continuous capillary network' twisted or coiled loops

andshorthairpin.likeperiodontalloops.

The continuous cap'lary network and twisted or co'ed loops in this area resemble those

of the buccal and lingual asPects'

. TL = Twisted or coiled looPs

. CN = Continuous caPillary network

. PDL = Periodontal ligament vessels

. SH = ShorthairPin-like 
looPs

. MN = Mesial network
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Fig.36Interdentalorinterproximalaspectoftherightmaxillaryfirst

molarofthet.l2daysoldrat(contralateralcontrolinexperimentalgroup

B)demonstratingtheorientationoftheshorthairpin.likeandtwÍstedor

coiled looPs'

There are more rows of the twisted or coiled loops which extend up toward the col area

but are rarely seen in the central part of the interdental papilla. The short hairpinlike

periodontal loops are located on the same level as the twisted or coiled loops instead a's a

lower row and extend through the interdental area'

.TL=Twistedorcoiledloops.SH=ShorthairpinJikeperiodontalloop

. M1 = First molar ' M2 = Second molar
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GINGIYALREVASCULARIZATIONAFTERGINGIVECToMY

Two fundamental facts of wound healing are (1) all regenerating vessels arise

from the preexisting vasculature and (2) regardless of their mature morphology they

arise from small non-patent capillaries (Cutright' 1969)'

The revascularization of the gingival wound afær gingivectomy will be described

chronologicallY.

Two rveeks after gingivectomy (98'day'age)

Proliferation of the capillary vessels at the edge of the wound were beginning'

with the formation of occasional new sprouts or buds and formation of club-shaped

stubs on the floor of the wound appearing 2 weeks after the operatio:r' These buds or

sprouts could be seen as two or more proliferations from each blind stub' The

formation of very short sprouts of capillary loops could be seen at all aspects with no

evidence of the hairpin-like loops, continuous capillary network' twisted or coiled loops

and short hairpin-like loops (Figs ' 37-39)'

Four lveeks after gingivectomy (lt2-day-age)

some revascularized networks had reached to the gingival contour while some

of them had not yet reached the normal height. The proliferating vessels continued to

grow during healing and anastomosed with the neighboring vessels forming a dense

layer of irregular pattern. Ascending and descending limbs were difficult to identify and

the twisted or coiled and short hairpin-like loops had not yet become apparent (Figs' 4o-

42)

Twelve lveeks after gingivectomy (16S'day'age)

The new capillary network surrounding the sockets were completely reformed

and inclined obliquely with many anastomoses. The regrowth of the capillaries in the

healing gingiva appeared as either single sprouts or as a continuous capillary network'

These vessels anastomosed freely with the neighboring vessels' reestablishing the
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nonnalnetwork.Theanastomosesofregeneratedvesselsweresimilarthatofthe

controlsandconnectedwiththevesselsoftheperiodontalplexus,alveolarmucosaand

gingiva.Overall,thecapillaryloopsshowedmorecomplexstructuresandmore

variablelengththanthoseofthecontrols.Thenewcontinuouscapillarynetwork

formed an irregurar pattern and was found to be greater in diameter. while the hairpin-

like loops were rarely seen. The twisted or coiled loops appeared as the same pattern

with larger diameter or were more murtilobed, intertwining structures as glomerular-like

loops(Figs.43-47).Theseloopswerefoundlessfrequentthanthoseofthecontrols.

Itwasconcludedthatmostoftheoutercircularvesselshadreachedthesame

heightascontrols(10o-30o¡zminheight)whilesomeofthemhadnotyetreachedthe

normal height. These regenerating vessels had a greater size approximately 10-15 ym \n

diameter. The inner circular vessels were similar orientations to those of the controls

but represented more complicated structures' The regenerating network was irregular

andslightlylessdensethanthenormalnetworkofthecontrols.Thedensityand

uniformity of vessels in the buccal, mesial and palatar or ringuar aspects demonstrated

nosignificantdifferences.Theperiodontalvasculatureintheinærproximalcolareawas

affected a.s well. Moreovef, some healing afeas showed failure to compretely reestablish

to the normal height, density and morphology of both the outer and inner vessel

systems
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Fig.3TocclusalviewoftheleftmaxillaryfirstmolarofthegSdaysold

rat(experimentalgroupA)showsrevascularizationtwoweeksafter

gingivectomY.

. PF = Proliferating vessels

. PL = Palatal aspect

. BC = Buccal asPect

. IR - Interradicular network

. PV - Pulp vessels
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Fig.33Highermagnificationofrevascularizationtwo}veeksafter

gingivectomyfromthepalatalaspectoftheleftmaxillaryfirstmolarof

the 98 days old rat (experimental group A)'

New buds proliferate from club-shaped blind stubs'

. PB = Proliferating buds

. CS = Club-shaped blind stubs
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Fig. 39 Mucosal side of the mesial aspect of the left maxillary first

molarofthegSdaysoldrat(experimentalgroupA)demonstrating

revascularization two weeks after gingivectomy'

. PB = Proliferating buds or sprouts

. CS = Club-shaPed blind stubs

. RS = Root socket
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Fig. 40 occlusal view of the right mandibular first molar of the Ll'2

days old rat (experimental group B) shows revascularization four weeks

after gingivectomY'

. PF = Proliferating vessels

. ID = Interdental area

. LG = Lingual asPect

. BC = Buccal asPect

. IR = Interradicular network
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Fig. 41 Higher magnification of revascularization four weeks after

gingivectomy from buccal aspect of the left maxillary first molar of the

112 days old rat (experimental group A)'

. PF = Proliferating vessels communicate with each other'

. BN = Buccal network
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Fig.42Mesialaspectoftherightmendibularfirctmolarofthell2days

oldrat(experimentalgroupB)demonstratingthenewcapillarynet}vork

four weeks after gingivectomy'

.PF=Proliferatingvesselsanastomosewiththeneighboringvessels,formingan

inegular Paffern'

MN = Mesial network

ETl M

I

<
)

1

\ \

ì
I

\-.

Lowcr Flrst Molar
ãX) ym

\

Acc.V SPot Magn

10.0 kV 1.0 176x

Det IYD E¡P
sE 27.0 60

a



r
. Iü,

,.d

i/,



e5

PF

Fig.43occlusalviewoftherightmandibularfirstmolarofthe16S

days old rat (experimental group B) shows revascularization twelve

weeks after gingivectomY'

. PF = Proliferating vessels

. ID = Interdental area

. LG = llngual aspect

. BC = Buccai asPect

. IR = Interradicular network
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Fig.44Revascularizationtwelveweeksaftergingivectomyfromthe

buccal aspect of the left maxillary first molar of the 168 days rat

(experimental grouP A)'

Some of proliferating vessels are seen as either single sprouts or as capillary network

withVariablelengthandslightlylessdensethanthoseofthecontrols.

. GL = Glomerular loops are multilobed' intertwining structures'

. BN = Buccal network

. PF = Proliferating vessels
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left maxillarY first

group A) shows
Fig. 45 Mucosal side of the mesial aspect of the

molar of the 168 days otd rat (experimental

rearrÐngement of the new capiilaries twelve weeks after gingivectornJ'

running toward the alveolar crest'

pF = Proliferating vessels possess the abitity to anastomose freely with each other'
a

a

reestablishing the normal height'

TS - Tooth socket

MN = Mesial mucosal network
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Fig. 46 Lingual aspect of the right mandibular first molar of the l-68

daysoldrat(experimentalgroupB)showsregeneratingnetworktwelve

weeks after gingivectomY' 
/

.PF=Proliferatingvesselsinthelingualaspectarecompletelyreestablishedtoform

the irregular Pattern'

TL - Twisted looPs

LN = Lingual network

E = Extravasation
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Fig. 47 Palatal aspect of the left maxillary first molar of the 16E days

old rat (experimental group A) shows revascularization twelve weeks

after gingivectomY.

. pF = Proliferating vessels are particularly seen as an inegular capillary network, but

twisted or glomerulus-like loops are not seen in this healing area.

o þ = Extravasation
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Fig. 48 Higher magnification of the glomerulus-like loops twelve weeks

after gingivectomy from the buccal aspect of the left maxillary first
molar of the 168 days old rat (experimental group A).

' GL = The glomerulus-like loops are multilobed structures approximately 5O-û pm

across their maiimum diameter.

' SH = Short hairpin-like loop is found at the lower level to the glomerular loops.
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PERIODONTAL REVASCULARIZATION AFTER PERICISION I

Two weeks after pericision (9S'day-age) i

Two weeks after pericision, revascularizationoccurred as extensions of the cut

ends of the capillary vessels. It appeared that the regenerating vessels established in all

borders of the wound such as buccal, mesial, palatal and interdental aspects' It was

often noted that the parent capillaries proliferated into two or three sprouts or buds'

Twisted or coiled loops were still visualized in all areas and were more numerous in the

buccal and lingual of the interdental gingivae. Incision wound areas were obvious in

this period of time as separation of the outer and inner circular vascular systems (Figs'

4e-s1)"

Four \ileeks after pericision (ll2'day-age)

During in this period, the vessels at the wound edges formed small capillary

buds or sprouts. Moreover, it was found that the proliferating vessels in the wound

areas had continued to increase in number and length and were considerably different
l

from those two weeks after pericision. Some of them communicated with the vessels

across the floor of the wound and with nearby vessels. However, the incision areas

were narrower than those two weeks postoperation. The twisted or coiled loops

showed no changes in structure (Figs. 52-Y)'

Twelve weeks after pericision (168'day'age)

Twelve weeks after surgery the revascularization was accomplished with the

proliferating vessels anastomosed freely with each other and with the vessels nearby'

The lumenal diameter of these vessels was probably increased although the healing

process seemed to be complete in all other aspects. The number of the new vessels

seemed to equal the normal vessels of the controls and the pattern of the vessels seemed

to be similar to that of the controls. The growth of capillaries in the healing gingiva had

direct connections with the vessels across the floor of the wound, forming the normal

anastomoses (Figs. 55-57).
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Fig. 49 Occlusal view of the right mandibular first molar of the 98 days

old rat (experimental group A) shows revascularization two weeks after

pericision.

. ID = Interdental area

. LG = Lingual asPect

. BC = Buccal aspect

. MS = Mesial aspect

. IR = Interradicular network



t

:;;>-z)

\

DR3 L Rlght Lowcr
wt

Acc V Spot Magn
10 0 kV ¿f O 24Ox

Det YYD Ëxp
sE æ0 a3

1ü) ¡rm
Flrst Molar

a

è:?



103

Fig" 50 Higher magnification of the incision wound two weeks a er

pericision from the lingual aspect of the right mandibular first molar of

the 98 days old rat (experimental group A).

. pB = Proliferating sprouts or buds proliferate from the parent capillary vessels.

. CS = Club-shaped blind stub

. TL = Twisted or coiled vascular loops

. IW = Incision wound area
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Fig. 5f Buccal aspect of the right mandibular first molar of the 98 days

old rat (experimental group A) shows the incision area and regenerating

vessels two weeks after pericision.

. PB = Proliferating sprouts or buds

. BN = Buccal network

. RS = Root socket

. IW = Incision wound area
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Fig. 52 Occlusal view of the left maxillary first molar of the 112 days

old rat (experimental group B) shows revascularization four weeks after

pericision.

. PF = Proliferating vessels

. ID = Interdental area

. PN = Palatal network

. BN = Buccal network

. IR = Interradicular network
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Fig. 53 Higher magnification of revascularization four weeks after

pericision from the buccal aspect of the left maxillary first molar of the

112 days old rat (experimental group B)'

. pF = proliferating vessels communicate with each other and the vessels nearby.

" TL = Twisted or coiled loops

. BN = Buccal network

. RS = Root socket

. IW = Incision wound area
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Fig. 54 Mesiopalatal aspect of the left maxillary first molar of the 11-2

days otd rat (experimental group B) shows incision area arrd

proliferating vessels four weeks after pericision.

. PF = Proliferating vessels

. IW = Incision wound area

. MP = Mesiopalatal network

. RS = Root socket

. TL = Twisted or coiled loops
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Fig. 55 Occlusal view of the left maxillary first molar of the 168 days

old rat (experimental group B) sho\üs reYascularization twelve rveeks

after Pericision.

. ID = InterdenÞl area

. PN = Palatal network

. BN = Buccal network

. IR = Interradicular network
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Fig. 56 Higher magnification of revascularization twelve weeks after

pericision from the buccal aspect of the left maxillary first molar of the

168 days old rat (experimental group B)'

. pF = proliferating vessels anastomose directly with the vessels across the floor of

the incision wound, forming the normal network with no sign of the wound'

. TL = Twisted or coiled looPs

. CN = Continuous capillary network

. BC = Buccal asPect
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Fig. 57 Buccal aspect of the left maxillary first molar of the 168 days

old rat (experimental group B) shows the complete revascularization

twelve weeks after Pericision.

. RV = Regenerating vessels at the incision area'

. CN = Continuous caPiltary network

. TL = Twisted or coiled looPs

. TS = Tooth socket

. BC = Buccal aspect
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CHAPTER 6: DISCUSSION

In the discussion of the present findings one may question how the

microvasculature changes following gingivectomy and how it changes after pericision.

Moreover, these structures can be compared with the corresponding structures of the

animals in the control group and the contralateral controls in the experimental groups.

MORPHOLOGICAL CONSIDERATIONS

Gingival and periodontal vascularization of the control group

The present project findings have depicted the gingival and periodontal

morphology of the rat molars which will be compared with previous studies (Weekes,

1983; rùy'ong, 1983; Weekes and Sims, 1986; V/ong and Sims, 1987; Sims ¿/ al.,I988i

Observations made in the microvasculature of the gingival margin indicated that

there were no important differences between ages of the control group. There were also

no differences with contralateral controls in experimental groups. The gingival

capillaries were derived from arterioles and venules (Nuki and Hock, 1974) and the

capillary loops predominantly consisted of post capillary venules (Weekes, 1983;

Weekes and Sims, 1986). There was obvious anatomical continuity between gingival

and periodontal ligament vessels in the rats as was reported for mice (Wong, 1983;

V/ong and Sims, 1987) and in monkeys (Lee, 1988iLee et al.,I9X)). Further, the

interdental vasculature of the controls comprised a large number of twisted and coiled

loops on the buccal and palatal or lingual of the interdental gingivae and were rarely seen

in the central part of the col area The microvascular archiæcture of the buccal, lingual,

mesial and interdental aspects were arranged in similar pattern (Weekes, 1983). Wong

and Sims (198Ð demonstrated that the vascular pattern of the maxillary and mandibular

molars were similar on the buccal and lingual aspects and on the mesial and distal

aspects. Lee (1988) noted that there were significant differences between the
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vÍrsculature architecture of the buccal and lingual and col region gingiva. However, the

present findings showed that the vasculature patterns in the buccal,lingual, and mesial

region were similar but the interdental area was found to be different. The interdental

region pattern indicated more rows of the twisted and coiled loops and a large number of

these loops frequently extended into the buccal and palatal or lingual of the col area.

Moreover, short hairpin-like loops appeared at the same level as the twisted loops"

Lee (1988) found that hairpinJike capillary loops in the mandibular molar were

often replaced by a continuous capillary network in the maxillary molar. However, the

present investigator found no significant differences in the vascular architecture of the

maxillary and mandibular first molars.

A row of short hairpin-like periodontal loops was regularly found in this

investigation at a lower level to the row of twisted and coiled loops encircling the tooth

socket. These loops were sometimes found in the cervical third of the periodontal

ligament, just apical to the circular plexus, but were not found in the middle and apical

thirds of the ligament of the monkey (Lee, 19t38).

The vascular architecture of the control rat molar gingival crevice is illustrated in

Figure 58.
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Fig. 5E Schematic rePresentation of blood supply of the gingival

crevice of the rat molar.

. 1: Hairpin-like loops orcontinuous network ' 6: Enamel

o I Gingival capillary loops . 'l: Twisted and coiled vascular loops

. 3: Alveolar vessels . 8: Short hairpin-like periodontal loops

. 4: Alveolar bone . 9: Periodontal ligament vessels

o J. Gingival vessels . 10: Cementum
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Gingival revascularization after gingivectomy

Little is known of the three dimensional morphology and process of

revascularization in gingival wounds. Previously, revascularization after gingivectomy

using an acrylic resin corrosion casting technique has only been demonstrated in dogs

(Nobuto et a1.,1987). Wound healing after gingivectomy using other methods and

materials have been reported by many authors (Stahl, 196I, 1962, 1963, 1964;

Mittelman et al., I9&i Listgarten, 1967, 1972: Stahl et a1.,1968, ï972; Cutright, 1969;

Kennedy, 1969,IE74; Sandalli and Wade; 1969; Holm-Pedersen et a1.,I969;Nixon ¿/

al.,19'75; Attstrom, 1975: Hock, 1979; Wirthlin et a1.,1980, l98y'; Sabag et al., I98y'';

Grevstad, 1988, 199Oa, l99ob).

The present study, three dimensional changes in the microvasculature of rats

after gingivectomy were observed for the first time. Viewing in the scanning electron

miiroscope and stereopair microphotography provided more information than the

previously reported methods.

Cutright (1969) demonstrated that the ends of the cut vessels were closed within

24 hours and the first appearance of proliferating vessels occurred as sprouts or buds

from the cut ends of the capillaries at two days of the healing process. According to

V/olff ¿/ al. (1975) during growth and revascularization, it was usually the postcapillary

vessels that gave rise to the vascular buds or sprouts. These sprouts or buds

communicated with each other to form capillary loops by three days (Cutright, 1969).

Holm-Pedersen ef al. (1969) and Nobuto et al. (1987) found that the proliferation at the

wound edges were just beginning at the fourth postoperative day. Further, Cutright

(1969) reported that the difference between the arterial and the venous capillary loops

occurred as a dilatation of one limb at five days afær gingivectomy. By the seventh day

of healing the proliferating vessels reached a maximum density (Holm-Pedersen et al"

1969) but these loops had not yet reached the normal height (Cutright, 1969).

Moreover, Nobuto et al. (1987) showed these loops inclined toward the wound edge

with 2 to 3 ascending limbs and a thicker descending limb.
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Nine days after operation it appeared that the capillary loops had not

anastomosed with other vessels but had nearly reached the height of the normal gingival

loops. Furthermore, Holm-Pedersen et al. (1969) noted that the new vessels in the

wounds had continued to increase in number but did not equal those of the normal

gingiva at eleven-day healing (Cutright, 1969).

Two weeks after gingivectomy the present study showed the presence of

occasional new sprouts or buds and formation of club-shaped stubs on the wound

edges. Moreover, these sprouts could be seen as two or more proliferations from each

stub. There was no evidence of twisted or coiled vascular loops. Nobuto et al. (1987)

demonstrated that the capillary loops were inclined toward the center of the 6 x 6 mm

gingival wound and these loops were swollen and bump-like, forming glomus-like

bodies.

Four weeks after surgery, some capillary loops had reached the level of the

normal gingival margin while some of them continued to grow. These loops

anastomosed with each other and the nearby vessels. It was found that the proliferation

occurred in all aspects of the tooth socket and the twisted or coiled loops had not yet

become apparent. This was also observed by Nobuto et al. Q9a7). Novaes et al.

(1%9) noted that vascular remodelling associated with wound healing was complete by

about 5 weeks and the greatest density of vessels occurred afær 7 to 8 weeks of healing.

The present study did not observe regenerating vessels at identical periods of time and

precise comparison is not possible.

After twelve weeks of healing the capillary loops completely surrounded the

sockets and inclined obliquely with many anastomoses. The capillary height seemed to

be as same as the normal height although there were significant differences between the

density of these loops and of the controls. Moreover, the capillary loops demonstrated

more variable length and more complex structures, especially the glomerular loops. The

processes of the healing seemed to be complete. Nobuto et al. (1987) reported on

bucco-lingually cut wounds at 6 to 12 weeks and found that the capillaries had not yet

communicated with each other at the center of the wound. It was assumed that the
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capillary loops of the gingival margin appeared to play the greatest role in the healing

and were fastest to regenerate. Kindlova (1967) found that glomerulus-like vascular

formations in the gingivae were related to gingival inflammation. These were confirmed

by the present findings that some of the twisted or coiled loops of the normal

vasculature formed glomerulus-like loops after gingivectomy. However, V/ong and

Sims (1987) reported that these coiled glomeruli developed as a normal component of

healthy, molar gingivae. In fact, in some healing areas the capillary vessels did not

equal or exceed density of the normal areas (Fig. 44). It has been theorized that this

may paftially be accounted by a tissue defect or scar (Fig. a3) because the scar may have

occurred following wound healing (I{ock, 1979). The vascular network was not quite

the same anatomically, although twelve weeks may not be long enough to complete

reconstitution. Extravasations (Figs. 46, 47) could imply incomplete healing or vessel

fragility and greater vessel permeability may be from residual inflammation.

Periodontal revascularization after pericision

Vascular regeneration following pericision has been noted by many previous

investigators using different methods and animals (Reitan, 1959; Edwards, 1968, 1970,

1988, 1993; Brain, 1969; Boese, 1969; Mills and Strahan, 1970; Pinson and Strahan,

1973; Crum and Andreasen, I974; Walsh, 1975; Campbell et aI., I975; Kaplan, 19761,

Rinaldi, 1979).

Vascular rearrangement after pericision using the corrosion casting technique

and SEM stereopair viewing has not been reported but may be the best way to assess the

microvasculature adaptations"

It was found that the regenerating vessels occurred as buds or sprouts from the

cut ends of the vessels at two weeks into wound healing. By four weeks postoperation,

these buds or sprouts continued to increase in number and communicated with the

neighbouring vessels. It was apparent that at twelve weeks after pericision the

revascularization was accomplished with the regenerating vessels demonstrating direct

connections with each other and the vessels across the floor of the wound.
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According to Crum and Andreasen (1974),the pericisions are used to reduce

postretention tooth rotation and to allow them to reattach at a position of equilibrium free

from tension. Kaplan (1976) also used this technique to minimize rotation relapse.

Deporter et al. (I9U) suggested that the transseptal fiber region had a high level of

collagen turnover, therefore, slow remodelling of this fiber system was not responsible

for orthodontic relapse. Edwards (1988) popularized the pericision procedure as a

means of alleviating dental relapse following orthodontic treatment over a period of

nearly 15 years. He noted that it was successful in reducing relapse. Edwards (1993)

suggested that circumferential supracrestal fiberotomy was not recommended in cases

with inflammation because of the unpredictability of regeneration of the epithelial

attachment. Moreover, Proffit et al. (1993) recommended that pericision should be

done a few weeks before removal of the orthodontic appliance.

In this present study, it was concluded that reorganization of the vasculature

architecture twelve weeks after pericision was similar to the normal pattern. Overall,

this could be important information for orthodontic therapy because Proffit et al. (1993)

stated that it was important to hold the teeth in good alignment while gingival healing

occurred.

TECHNICAL CONSIDERATIONS

Experimental animals

Previous studies also preferred to use rats as the experimental animals

(Kindlova, 1963,1965b, 196-1,1968, 1970; Hodde et al., 1977; Weekes, 1983). The

reasons probably are:

1. The vascular architecture of the rat is reportedly similar to that of the human.

2. Rats are easy to handle and are readily available.

3. The rat requires a minimal amount of chemical reagents so that it is an

economical experimental animal.
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Perfusion media

Hodde and Nowell (1980) have listed criteria for the replicating media in order

to produce casts suitable for SEM examination:

1. A sufficiently low viscosity to completely fill tubules of less than 5 ¡m.

2. Polymerization without shrinkage or distortion.

3. Must not change the dimensions or distribution of the system being cast as a

result of chemical or mechanical effects of the casting mixture.

4. Must be able to withstand clearing procedures.

5. Must be visible in the light microscope in cleared specimens.

6. Must be able to withstand dissection procedures.

7. Must remain intact after removal of sunounding tissue.

8. Must retain its original configuration during drying.

9. Must be rendered conductive.

10. Must withstand electron bombardment.

It was observed that Mercox resin meets these criteria as well.

Perfusion procedure

The procedure in this experiment has followed many previous experiments that

selected the common carotid arteries for cannulation (Tompsett, 1970; Weekes, 1983;

Lametschwandtner et al.,l9%:[æe, 1!)88). Many factors are involved in the perfusion

technique that should be considered before the beginning of the experiment. It is

necessary to completely anaesthetize the animal. However, a slight overdose of

anaesthesia might cause cardiac arrest before the cannulation was accomplished. The

washout solution must be filtered with a O.22 micron millipore cellulose membrane to

remove small particles that might cause blockages in the vascular vessels. It appeared

that it was essential to massage the maxillofacial region for blood clot reduction.

Moreover, the pressure of the perfusion solution was one of the important causes of

incomplete casts because insufficient pressure resulted in under filling, while excessive

pressures can cause tissue oedema (Tompsett, l97O) and can lead to capillary rupture
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(l-ametschwandtner et a1.,1984). However, Rodin (Iy73) recommended that a slightly

higher pressure during the first 10-15 sec of the perfusion can prevent collapse of

vessels and clot formation.

In 1983, Wong used a pressure of 4O0 mm Hg to perfuse mice, while Weekes

(1983) used 300 mm Hg to perfuse rats. Furthermore, Lee (1988) found that a

perfusion pressure of 36O mm Hg was suitable for the monkeys. The present author

used a pressure of 36O-4OO mm Hg to perfuse the rats and then used hand pressure for

injection of the casting medium although it is very difficult to achieve a constant

pressure. Hodde and Nowell (1980) recommended that with low viscosity resins, a

pressure of 5O-60 mm Hg should be used for organ replication and I2O mm Hg for

systemic replication. While a more viscous medium required the pressure to be as high

as 200 mm Hg. However, l-ametschwandtner et al. (1984) suggested that the perfusion

pressure should not equal the intravascular pressure of the experimental procedure to

prevent reactive vasoconstriction.

Gannon (1978) found that prolonged blood washout may lead to swelling in the

tissues and consequently PVP-40 wa.s added in the washout solution to increase colloid

osmotic pressure. The present author found that prolonged perfusion clarified the detail

of the vascular tree and was necessary for complete casting. Prior to the introduction of

casting medium it was necessary to stabilize the luminal surface with I7o glutaraldehyde

(in a 0.1 M phosphate buffer pH 6) for approximately 5 minutes. Whereas

glutaraldehyde acts as a primary fixative and should be followed by osmium ûetroxide to

bring the circulation to a standstill (Rhodin, 1973) it was not deemed necessary to

include the osmium tetroxide step. Thorball and Tranum-Jensen (1983) indicated that

vascular filtration decreased during fixation and it required 5-10 minutes in optimally

perfused preparations for glutaraldehyde to fully saturate the binding capacity of the

tissue. Then the glutaraldehyde must be washed out thoroughly.

The present project found that Mercox resin was suitable for use as a casting

medium. Mercox resin is a newly developed injecting type of resin that has excellent
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permeability of the peripheral microstructure and allows the structure of arteries and

veins to be observed at the same time. Murakami Q97D and Weekes (1983) pointed

out that methyl methacrylate can demonstrate the microvascular bed clearly and

accurately. It was found that vascular spasm might be a cause of incomplete casting.

The viscosity of Mercox resin is increased immediately upon mixing with the catalyst

and to avoid a sudden reaction, the mixed quantity should be around 20 grams each

time. However, it was noticed that the mixed quantity suitable for each rat in this

project was 15 grams. In addition, care should be taken to make sure no bubbles are

generated while the Mercox resin is being mixed. This is to avoid introduction of air

bubbles into the vascular tree during perfusion. Another important factor was premature

polymerization that might be caused by either too much catalyst or prolonged mixing

(Læe, 1988). However, the present author found old, shelf-life expired Mercox resin

can lead to premature polymerization and subsequent reduction in casting quality and

completeness.

Sectioning

The tissue pieces were placed in the freezer at around 4" C, to enable the

specimen to be sectioned either before or after tissue corrosion (Hodde and Nowell,

1980). The present author found that it was better if the specimens were cut up after

corrosion, although a larger piece takes a longer time. If the casts are too small the area

of interest can be damaged.

Tissue corrosion

It was recommended that the animals remain in warm water (50' C) for 1 to 2

days to promote decomposition. In this experiment, the perfused rats were placed in

warm water for one day to ensure complete polymerization of the resin as suggesûed by

l,ametschwandtner et al. (1984). Decalcification was accomplished by beheading the

animals and then placing them in lOTo HCL daily for 3 to 4 days, although the

concentration is not critical for corrosion (Gannon, 1978\. Furthermore, maceration of
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the tissue from the replica can be considerably enhanced by re-immersing the specimen

in fresh LOTo KOF{ and alternately washing it in gently running tap water for another

day (Hodde and Nowell, 1980). The present author found that it is easy to break the

delicate specimens because it is difficult to control the pressure of running tap water all

day. It was better if the specimens only soaked in fresh KOH solution ina3'7" C oven

and alærnated wíth I07o HCL until the final stage.

Following corrosion, the replica should be washed in double distilled water to

remove all salts which could crystallize on the dry replica. Trimming of the cast should

be done with fine forceps in a warm alcohol bath or later at the dry and mounted cast

stage (Murakami 1971; Murakami, 1975). It may be possible to cut the dried and

mounted specimen with a laser beam because there is reportedly no loss of material and

cutting can be determined precisely beforehand (Hodde and Nowell, 1980). The

present experiment found that during sectioning many vessels frequently lost some of

the fine details.

Drying of the casts

The most common artifact in preparation for SEM was a severe shrinkage and

deformation of the specimen due to drying. It was not recommended by Hodde and

Nowell (1980) to let the specimens dry in air because surface tension damages the most

fragile parts. To minimize these changes, acetone dehydration and air drying is

recommended. However, all specimens are subjected to a large surface tension effect if

air-dried. Therefore, a few drops of detergent were used to reduce the surface tension

of the water. Then the specimens were put on a filter paper and allowed to dry in air

afúer acetone dehydration to minimize distortion"

Mounting and Osmification

The selecûed samples for SEM examination needed to be mounted on aluminium

stubs which were compatible with the microscope. Different brands of machines use

different mounting stubs. The Philips XL 20 SEM was used in this study and can

'¡
ql

I
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utilize I.25,2.5 and3.2 cm diameter pin-type stubs. The present study used both 1.25

cm diameter stubs for small specimens and2.5 cm diameter stubs for larger samples. It

is recommended that specimens must be adhered onto the stubs with double sided

adhesive and painted with silver dag (Gannon, 1978). The present author found that it

was necessary to carefully add sufficient silver dag to prevent the specimen detaching.

The coded specimen stubs were placed on a glass rack and then placed into a

desiccating jar containing I gram of osmium tetroxide vapour for 24-48 hours, followed

by flowing air for 15 minutes to sublimate superfluous osmium vapour. Finally they

were exposed to a small amount of vapourized hydrazine hydrate for 12-24 hours

(Hodde and Norvell 1980). This was supported by Wong (1983), and Weekes (1983).

However, Lee (1988) did not use hydrazine hydrate following the osmium tetroxide.

Moreover, the present author found that the specimens did not need to be treated with

hydrazine hydrate vapour because it can damage the casts (Fig. 59) and conductivity

was not a problem.

Specimen coating

This procedure has two purposes. One is to ensure the electric conductivity

from the specimen surface to the holder and another is to make a layer which will emit

ample secondary electrons upon bombardment by electrons. It is of critical importance

for successful scanning electron microscopy to have a coating layer over the specimen

spread as evenly as possible in spite of the roughness in its surface. Coating with gold

by vacuum evaporation rvas performed in this investigation. However, some

experiments use carbon, platinum-palladium, silver, copper or aluminium for gold.

Inspection in the SEM

Although finer portions of some casts suffer because of damage in the SEM due

mainly to local heating this can be minimized by reducing the beam current (Gannon,

1978). The present author found that the SEM has the merit of being very simply
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understood. On the other hand, the specimens were sometimes broken during placing

and tilting in the specimen chamber.

Stereopair Viewing

Because of the tremendous depth in many casts, it is diff,rcult to determine the

real relationship between vessels that appear interconnected when a single micrograph is

viewed. Stereopair viewing was used in this investigation because it can compare the

images of the same specimen under the same magnification at different accelerating

voltages and a significant difference can be noticed. Moreover, it can determine features

of the specimen which require further examination at higher magnification, and to

determine optimal orientation of the specimen (Nowell and Pawley, 1980).
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Fig. 59 Magnification of a damaged cast of the right mandibular first

molars of the 98 days old rat (experimental group B) after vapourized

hydrazine hydrate.
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EXPERIMENTAL PROBLEM LIST

Materials

1. The carotid cannula. Both the size of the cannula and preparation of the

cannula should be considered. If the cannula is too large it is difficult to insert. On the

other hand, if it is too small it is not easy to inject the resin. Sometimes obstruction of

the cannula occurred in this experiment, therefore, the cannula should be tested before

the cannulation.

Unfortunately, commercially produced cannulae are not available, therefore it

should be prepared by the investigator just prior to the experiment. The cannula should

be ligated firmly to prevent the cannula coming out before the perfusion is

accomplished.

2. The Mercox resin. With the old package of Mercox resin it was found that the

injectable and curing times were shorter. Although, the Japan Vilene Company LTD.

stated that there is no expiry date, the resin was fluid when it was shaken. It was

observed that the catalyst MA might cause acceleration of the curing time because some

of the Di-n-buthyl Phtalate (reagent catalyst) may have been lost.

3. If the plastic syringe does not fit very well with the plastic three-way

stopcock, it can come out too easily and permit the fixative (glutaraldehyde in 0.1 M

phosphate buffer solution) and Mercox resin to leak during injection. Because they are

dangerous chemical reagents, the operator should exercise great care:

3.1 The operator needs to use hand pressure during injecting and it is initially

very hard to inject the fixative because the plastic syringe has high friction.

3.2The operator should be weil positioned to hold the syringe and three-way

stopcock firmly during injection of the fixative or resin. It is much better if the

operator can hold the syringe and three-way stopcock himself.

3.3 The operator and assistant have to wear protective gloves, glasses, and

masks while the experiment is performed.
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Technique

1. The present investigator was inexperienced with the corrosion casting

technique and required lengthy practice to master the difficulties inherent in the

technique.

2. This process is a technically difficult procedure and often has unpredictable

results. Good castings were not achieved in the first period of the experiment.

Incomplete casting

The present author found that the most important problem in this experiment was

incomplete casting. The causes were believed to be:

1. High viscosity of Mercox resin. The quantity of mixing was not the critical

factor. This experiment mainly used 0.5 grams of catalyst and 2O cc of base resin of

Mercox CL-2R (Japan Vilene Company, LTD). Premature polymerization frequently

occurred but was not the result of too much catalyst or high temperature during the

mixing. It was also not due to prolonged mixing of the casting medium. It may have

been due to the viscosity of the catalyst which had been kept for at least 5 years. The

viscosity of the resin should be high enough to reduce polymerization shrinkage

(Lametschwandtner et al.,l9S4). It is also indicated that a viscosity of 2O,3O

centistokes of the Mercox resin is necessary to penetrate the capillaries (factory data

sheet). However, a viscosity of 36 centistokes was found to be better for the

experiment of Lee (1988). Since the curing time was less than the normal rate (5 to 10

minutes) it might indicate premature polymerization prevented complete filling of the

vasculature.

2" Inadequate mixing solution. Until the new shipment of Mercox was

delivered, it was necessary to ration the amount of resin used in the perfusions. This

may have led to inadequate castings. After using the new package of Mercox resin the

results were found to be better"

3. Blockage of vasculature. This might be due to accidentally introduced air

bubbles and some particulate matter into the vasculature. Extreme care was required
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during the preparation of the washout solution and other chemical reagents and it was

necessary to wash out the blood as much as possible, otherwise blood cells can remain

in the vessels. Therefore, around 20 minutes was used to wash the blood cells out.

However, Gannon (1978) advised that prolonged blood washout should not be done in

order to avoid tissue swelling. In addition, vascular spasm can limit the distribution of

the Mercox resin. Consequently, PVP-40 and Sodium nitrite were added to reduce

vasospasm and promote vasodilatation. In addition, massage of the maxillofacial area

wa.s needed. It was found that blood clot blockage of the va^scular pathway is a problem

if inadequate heparin is available within the blood vessels.

4. Insufficient perfusion pressure. It is important to build up the intravascular

pressure, by clamping the inferior vena cava drainage tube during perfusion. Then the

common carotid arteries should be clamped after the resin appeared at the egress site.

The aorta and pulmonary arteries should be tied off prior to perfusion.

5. Breakage of the casts. The casts might be broken in many ways during

processing. The delicate casts tend to break by using running water during tissue

corrosion because the pressure of tap water cannot be controlled. On the other hand, the

casts can easily break away during manipulation.

6. Rupture of the vessels. If the vessels are perfused with excessive pressure

and prolonged blood wa.shout there may be vascular rupture.

Unexpected death of rats

Some of the animals died during the experiment and some of them died after

gingivectomy. That means, the rats died before the beginning of the perfusion and this

may have been due to:

1. Over dose of Nembutal. Nembutal produces much longer-lasting anaesthesia

(2-3 hours), but the rat takes -20 minutes to become fully anaesthetized (Rowett, 1958).

It is necessary to dilute the Nembutal (60 mg/ml) with normal saline solution in a ratio of

1:1 to achieve a dosage of 30 mg/ml and using 0.2 ml per 100 grams body weight. It
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was noticed that if there was a slight overdose of the anaesthetic agent it caused cardiac

arrest.

2. lncorrect injection technique. Nembutal should be administered

intraperitoneally. If injected incorrectly it may prolong the action of the Nembutal. If

the injection of the Nembutal was administered inûo the liver, it can cause sudden death

of the rats.

3. The rats may have aspirated blood from the surgical wound causing airway

obstruction.

4. Different concentrations of Nembut¿l in each vial may cause toxic over dose.

Sometimes the operaûor used Nembutal from the animal house and sometimes Nembutal

from the orthodontic laboratory. Variation in the chemical reagents may have

contributed ûo the rat deaths.

5. Systemic disease of rats such as pneumonia, myocardial fibrosis,

pseudotuberculosis and paratyphoid disease frequently occur in the animals and may be

a factor in the unexpected response of the rats to the experimental procedure.

During the gingivectomy and pericision, the main cause of death must be over

dose of the Nembutal because some rats took longer time than others to become

anaesthetized. After using 0.1 ml per 100 gm body weight of Ketavet (100 mg/10 ml)

and O.O5 ml per 1OO gm body weight of Rompun (20 mg/ml) instead, the operations

were more easily performed. At the first time, using 0.3 ml of Rompun for each rat was

one cause of death. The factory data sheet stated that it should be used at 0.3-1 ml per 7

kg body weight otherwise, it may cause a cardiopulmonary depression which usually

manifests as reduced heart rate, cardiac output and blood pressure and reduced

respiratory rate.
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CHAPTER 7: CONCLUSIONS

1. The crevicular plexus was derived from an outer circular vessel system and inner

circular vessel system. The outer circular vessels comprised a flat plexus of the

capillaries, extending over the entire length of the gingival crevice where most vessels

ended in hairpin-like loops or a continuous capillary network. The inner circular vessels

consisted of a row of twisted or coiled vascular loops. These loops were located in the

gingivae adjacent to the junctional epithelium at a lower level than the outer circular

vessels.

2. Apical to the row of twisted or coiled vascular loops, there was a row of short

hairpin-like periodontal loops. This row of loops ringed the tooth socket and

anastomosed with the periodontal ligament vessels.

3. The hairpin loops or continuous network were predominantly found on the

buccal, lingual and mesial areas while the twisted and coiled loops were particularly

found on the interdental region.

4. There were no noticeable differences in the vascular architecture of the maxillary

and mandibular first molars. There were also no age effects noticeable in the control

group and no differences with contralateral controls in experimental groups.

5. Proliferating vessels occurred as new sprouts or buds from club-shaped stubs

on the wound edges at two weeks after gingivectomy.

6. By four weeks post gingivectomy, the regenerating vessels continued to grow

and communicated with each other, forming an irregular pattern. The twisted or coiled

loops had not yet become apparent.
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7. After twelve weeks of gingivectomy wound healing, the regenerating vessels

anastomosed with each other and the vessels nearby, reestablishing the irregular

vascular network around the sockets. These vessels seemed to reach the normal height

but were of more variable length, larger size and less in density than those of the

controls. The twisted or coiled loops had become apparent as more intertwining

structures and as glomerulus-like loops.

8. At two weeks after pericision, revascularization had become apparent as buds or

sprouts perforating from the cut ends.

9. Some of the regenerating vessels communicated with the neighboring vessels by

four weeks of pericision healing, although the incision discontinuity was still present.

10. It was apparent that at twelve weeks after pericision the regenerating vessels had

direct connections with the vessels across the floor of the wound forming the normal

network"
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CHAPTER 8: APPENDICES

APPENDIX 1

CAROTID CANNUI-A

Eouioment

-Y-connector

-18G needle (blunt)

-Polyethylene tubing:

-Silastic tubing:

Sizes

Sizes

SP 95

SP 61

SP 45

SP 10

60r-325

602-285

1

1

2cmx2

5cmx2

5cmx2

2tl2cmx2

5cmx3

lcmx3
Prepar¿tion

All of the Silastic tubing, Polyethyiene tubing, Y-connector and 18G needle

(blunt) should connect together. Thereby the 18G needle was inserted into the

beginning part of a series of reducing diameter which bifurcated to give two outlets for

the right and the left common carotid arteries. Tied a larger part of the cannula with

ligature wires and used glue to ensure it can not come off.

APPENDIX 2

Recipe
Na2HPO42H2O 17.805gm
Double distilled water 500m1

NaH2PO42H2O 15.605gm
Double distilled water 500m1

Prenaration
Mix 36ml of dibasic sodium phosphate ( Na2HPO42H2O) solution

and 14ml of monobasic sodium phosphate ( NaH2PO42H2O) solution and

make up to 100m1with double distilled water.

2
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APPENDIX 3

17o GLUTARALDEHYDE (in 0.1 M phosphate buffer)

Recioe

25Vo E.M. grade glutaraldehyde

0.1 M. phosphate buffer (Nüz aH
2

PO 2H 0)4 2'

1 rnl

24 mlPO +N
4

Preoaration

Add 1 ml25Vo E.M. grade glutaraldehyde in a 0.1 M phosphate buffer (pH7.2)

24mlbefore perfusion approximately 3-4 minutes to achieve 25 mlmixing solution.

APPENDIX 4

V/ASHOUT SOLUTION

Recipe

1.00 litre

9.00 gm

58.74 gm

0.07 gm

0.10 rnl

5.00 nìl

-Double-distilled water

-Sodium chloride (NaCl)

-Polyvinylpyrrolidone (PVP-40)

-Sodium nitrite (NaNOz)

-Papaverine HCL (120 mg/10 ml)

-Heparin (1000 i.u./l ml)

Preoaration

1. Dissolve NaCl in double distilled water on magnetic stirrer.

2. AI|PVP-4O and dissolve very slowly (may need some vigorous stirring as it

tends to form a large lump)

3. Add NaNO2, Papaverine HCL and Heparin.

4. Using vacuum filtration with 0.022 millipore cellulose membrane filters to

remove minute particles.

5. V/arm on magnetic stiner to 50" C.
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APPENDIX 5

CASTING MEJIUM (MERCOX RESIN)

Mercox CL-2R (red liquid) of Japan Vilene Company, LTD. Tokyo, Japan.

Strons ooints of Mercox CL-2R

1. Excellent permeation of the periphery microstructure allows the capillary tube

construction of both the artery and vein to be observed at the same time.

2. No need to heat before and after injecting, room temperature ca^sting possible.

3. Both the base resin and catalyst come in liquid form for easy handling.

Prepa¡ation

The viscosity of Mercox is 20-30 centistokes. Indurate time will change by

varying the quantity of base resin. If using 20 ml of base resin and 0.4-0.59 of

catalyst. Injectable time is 4^5 minutes and curing time is 5-10 minutes. If using 2O ml

of base resin and catalyst of 1.5-2.09 and injectable time of 2-3 minutes will allow

curing time of 6-8 minutes.

Cautions

1. Not for use on human beings, only for test animals.

2.Keep away from fire. Catalyst has high oxidizing properties, insure against

adulteration and contamination.

3. Unmixed catalyst or resin may be cleaned from the hand or receptacle by

using soap and water, if solutions have been mixed, use acetone before

induration.

4. Base resin and Hardening agent should be kept in a dark and cool place.

5. To avoid sudden reaction, mixed quantity should be around 20 grams each

time. A separate quantity will need to be made if required more than this.

6. To dissolve protein, do not use hot-alkali, use either IS-ZOVo solution of

potassium hydroxide or natrium hydroxide, and treat 5 to 6 times.
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APPENDIX 6.

OSMI FI CATI ON PROCEDURE

Equipment

1. Fume cupboard

2. Mounted and labelled specimens

3. 3 x 250m1 glass jars (labelled 1 with OsO4,2 with sublimate, 3 with

Hydrazine Hydraæ)

4. Special glass racks for holding stubs

5. 2 pairs of gloves

6. 1 gram ampoule of Osmium Tetroxide (OsO¿t

7 . Hy draùne hydrate (optional)

Method

1. Specimen stubs were placed on a glass rack and their positions noted.

2. Wearing gloves.

3. The ampoule of osmium tetroxide was placed in the jar and Parafilm "M"

used to cover first and then the lid was screwed down tightly.

4. The jar was shaken until an ampoule of osmium tetroxide was broken.

5. The rack with specimens was placed into the glass jar and sealed with

masking tape.

6. The rack with specimens was placed in the jar in the fume cupboard lor 48-72

hours.

7. The rack was then transferred to another open jar to allow the osmium

tetroxide to sublimate for an hour.

8. The specimens were placed in jar 3 with Il4 cm hydrazine hydrate in the

bottom of the jar for 12-24 hours.

9. The specimens were removed from jar 3 and left for 24 hours before handing

with SEM forceps.
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APPENDIX 7

CHEMCAL REAGENTS AND SUPPLIERS

Di-Sodium Hydrogen Orthophosphate dodecahydrate (Ajax Chemicals PTY

Limited, Sydney N.S.W. 214, Australia)

Glutaraldehyde (Bio-Rad Microscience Division, Cambridge, Massachusetts O2I39,

u.s.A.)

Heparin Injection B.P. (Commonwealth serum laboratories, Melbourne, Australia)

Hydrazine Hydrate (FSE A Division of Fisons PTY. Limited, Homebush N.S.W.

zIQ, Australia)

Hydrochloric Acid (FSE A Division of Fisons PTY. Limited, Homebush N.S.W.

2IÆ,Australia)

Ketavet (Delta Veterinary l-aboratories PTY. LTD, Hornsby N.S.W., Australia)

Mercox Resin (Japan Vilene Company, LTD. Tokyo, Japan)

Nembutal (Boehringer Ingelheim Pty. Limited, Animal Health Division, Ar[armon

N.S.W. 2W, Australia)

Osmium Tetroxide (Probing&Structure, Thuringowa Central QLD 4817, Australia)

Papaverine Hydrochloride (David Bull Laboratories Pty. Ltd., Victoria, 3I7O,

Aushalia)

Polyvinylpyrrolidone M.\ry. 40'000 (Sigma Chemical Co., St. Louis

M.O.63178, U.S.A.)

Potassium Hydroxide (ACE Chemical Company, Camden Park S.4., Australia)

Rompun (Bayer Australia Limited, þmble N.S.W. 2073, Australia)

Silver Dag (Probing&Structure, Thuringowa Central Q.L.D. Æ17, Australia)

Sodium Chloride (Ajax Chemicals PTY. Limited, Sydney N.S.W. 2I4, Australia)

Sodium Nitrite Crystal (J.T. Baker Chemical Co., Phillipsburg N.J. 08865,

u.s.A.)
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