
Boston University

OpenBU http://open.bu.edu

Boston University Theses & Dissertations GSDM: Historical Theses and Dissertations (Open Access)

1970

Utilization of collagenase as an aid in

visualizing the innervation of the

periodontal tissues

https://hdl.handle.net/2144/29803

Downloaded from DSpace Repository, DSpace Institution's institutional repository



BOSTON UNIVERSITY 

SCHOOL OF GRADUATE DENTISTRY 

THESIS 

UTILIZATION OF COLLAGENASE 

AS AN AID IN VISUALIZING THE 

INNERVATION OF THE PERIODONTAL TISSUES 

by 

Albert M. Weissman, D.D.S. 

Howard University 

School of Dentistry 

submitted in partial fulfillment of the 

requirements for the degree of Master of 

Science in Dentistry (Periodontology) 

1970 



Boston University 

Copyright and Digitization Notice 

 

Copyright of this work is retained by the author. 

This work is protected against unauthorized copying under Title 17, United States code. 

This reproduction is made available for personal use, and is not for distribution.  

 

The image quality of this digital reproduction depends on the quality of the print original.  

This document was initially scanned to microfilm: if it contained photos that did not read well in that 

version, and if the original print was still available, new color scans were made of only those pages 

containing photos, and these were inserted into the microfilm-derived document either adjacent to or in 

place of the original scans. 

Signatures and personal information, if present, have been redacted. 

 

 



I.vu 2~0 

lu ydq~ 
It 

. d-

LIBRARY 
BOSTON UNIVERSITY 

SCHOO·L OF MEDICINE 

. ' ' 

Second reade lf-lY-7o 
Date 

Morris P. Ruben

[Illegible, looks like J-something F-something]



111 

ABSTRACT 

Mandibular incisors and contiguous structures of 

Sprague-Dawley rats were fixed in Carnoy•s solution, decal

cified in 5% nitric acid, dehydrated, embedded in paraffin 

and serially sectioned at l0-15u. Representative slides of 

the periodontium were chosen and stained with Goldman-Bloom 

Triohrome, or a modified Gordon-sweet Silver stain, both with 

and without prior collagenase digestion. The enzyme solution 

contained 5mg collagenase (125-200 units/mg) per loo buffer 

aolution and was incubated with the slides at 45°c for 33 

minutes. Both groups of slides were then colloidinized and 

stained. In undigested sections nerve fibers and endings 

were masked by collagen and their relationships could not 

be discerned. In enzymatically treated sections terminal 

nerve fibers were seen to course with capillaries creating 

an arouating rete in the subepithelial zone of the g1ng1va. 

Nerves were not seen to penetrate the epithelium. At the 

alveolar crest arborizing terminal coils appeared to encircle 

the area occupied by the Transseptal or Group C fibers and 

seemed to terminate as free nerve endings. On the alveolar 

side of the periodontal ligament the nerve fibers appeared to 

encircle Sharpey•s fibers while on the oemental side individual 

nerve fibers paralleled the bundles and ended as knob-like 
' 

structures or as free nerve endings. 
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INTRODUCTION 

It has been observed that with routine histologic 

staining methods the dense collagenation of the periodontal 

apparatus hinders visualization of existing neural elements. 

As a means of overcoming this problem, Bernick (1-4) has 

employed several nonspecific proteases such as pepsin and 

trypsin to remove most collagen and reticulin from his 

sections in order to delineate innervation. He has found 

that these proteases suppressed the staining qualities of 

the two scleroproteins so that stained nerve fibers were 

seen against a poorly stained background. 

It is the purpose of this paper: to describe a method 

of specific tissue di gestion in decalcified rat mandible 

utilizing a collagenase; to demonstrate the neural elements 

of the periodontium of the continuously erupting rat 

incisor; and to illustrate the extent of Sharpey•s Fibers 

insertion into the alveolar plate of bone. 

LIBRARY 
BOSTON UNIVERSITY 
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REVIEW OF THE LITERATURE 

GINGIVAL INNERVATION 

The innervation of the gingiva is derived from fibers 

of the labial or lingual branches of the Second and Third 

Divisions of the Trigeminal nerve and to a much lesser extent, 

from anastomosing fibers from the periodontal ligament 

(2,5-9). The major nerves, coursing with the blood vessels 

in the supraperiosteal area of the alveolar plate, form a 

rete which has been termed the "deep plexus" (10). As these 

fibers pass through the connective tissue of the gingiva, 

branches are given off to terminate as a "superficial plexus" 

(10) in the lamina propria of the dermal papillae (2,11) and 

on occasion continue into the epithelium as fine ultratermi

nal fibers (4-6,8,12-14). The interproximal gingiva is 

innervated by coronal extensions of the nerve plexii of the 

periodontal ligament (4) as well as from supracrestal rami

fications of the interdental nerves terminating in the 

transseptal fiber systems of adjacent teeth (4,16). Bernick 

(2,4,8) has reported that he did not observe specialized 

endings such as Krause's or Meissner•s corpuscles in his 1% 

pepsin preparations of the gingiva. Simpson (15) has also 

noted this negative observation. Other writers (5,11,16-20), 

however, have reported observing these corpuscles and other 

complex end organs in the gingival tissues. Such absence or 

sparcity of organized and specialized nerve endings is not 

unusual as it has also been observed in areas of skin and 

mucous membrane which exhibit varying degrees of sensibility 

(8). 



I • 

' . 

' . 

• 

• 

r 

' . ' 

INNERVATION OF THE PERIODONTAL LIGAMENT 

The function of the periodontal ligament nerves is to 

transmit impulses of resultant forces of occlusion and masti

cation (touch, pressure and pain) to higher neurologic 

centers where appropriate responses can be transmitted to the 

effector muscle groupings to elicit protective reactions. 

The prime sources of this afferent innervation ares periodon

tal branches of the Dental Nerve after it perforates the 

alveolar plate before entering the tooth (4,6,15,16,19,21-23) 

and from the Intra-alveolar Nerve as it courses crestally and 

its lateral branches perforate the cribriform plate. In the 

alveolar phase of the periodontal ligament the two groups 

anastomose and send branches both apically and occlusally to 

form a complex rete parallel to the long axis of the tooth. 

From this network branches are given off to terminate in the 

connective tissue. Rapp and co-workers (23) have felt that 

the larger neural branches run in association with the blood 

vessels while the smaller nerve fibers may not. The intra

septal nerves provide the major pQrtion of the ligament 

innervation and as a consequence, surgery at the apical area 

of the tooth or inflammatory destruction of the tissues of 

this region does not greatly compromise the nerve supply of 

the rest of the periodontal ligament. The nerves may pass 

close to the cementum and alveolar bone and their peripheral 

endings may form fine arborizations. Sicher (19) has 

described three types of observed endings, knob-like 



. . 

4 

structures, rings or loops around principal fiber bundles, 

and free nerve endings. Simpson (15) has commented that 

definite end organs are seldom seen in the periodontal li ga

ment and that fine endings are the predominating terminal 

feature. Studies by Bernick (4) in 1959 also have reported 

the finding that Meissner•s, Ruffini•s or Pacini corpuscles 

are not ·observed. In the apical third of the periodontium 

of a human tooth myelinated nerves have been seen to lose 

their sheath and terminate as spindle-like structures (4,16). 

Brashear (24) has felt that as the coarse nerve fibers travel 

occlusally in the alveolar phase, sensations are mediated by 

the varying caliber of myelinated and nonmyelinated fibers 

presents pain conducted by small diameter nerves of both 

types, temperature by intermediate medullated fibers; and 

touc~ by the large myelinated nerves. Nerves may form rings 

or loops around principal fiber bundles or may terminate 

between them so as to function in proprioception and 

localization (5,25). In the cemental phase, Rapp, Avery, 

and Rector (23) have observed that most neurofibr11s approach· 

the cementum to form loops and then turn back towards the 

mid-portion of the ligament. van der Sprenkle (25) has 

described a rete of nonmedullated fibers coursing radially 

from the central area of the periodontal li gament to pene

trate the cementum. 

The coronal termination of the nerve fibers of the perio

dontal li gament has been reported in the circular fiber group 
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of the gingiva where they anastomose with nerve fibers of 

adjacent teeth to contribute to the total innervation of 

the area (16) • 

NEURAL ELEMENTS OF THE PERIODONTIUM 

Nerves of the periodontium, after branching from the 

main neural trunks, course with the blood vessels and may 

ramify as simple or organized endings in connective tissue. 

In the epithelium of moist mucosa, fine ultraterminal 

filaments have been observed by Gairns (5) with the electron 

microscope. 

The tendency for varicosities along the length of nerves 

has been clearly demonstrated with Schabadasch1 s technique 

for Vital neural staining with methylene blue (13,26-28). 

In this method tissue is exposed to 0.01% buffered methylene 

blue dye for 20 minutes, during which time there is selective 

neural absorption of the material. If however the tissues 

are stained for a longer period, they undergo morbid changes 

and indiscriminate staining of all structures occurs. 

O'Leary and co-workers (28) have employed a 6% solution and 

increased oxygen tension in supravital brain preparations to 

maintain coloration of the methylene blue until a mordant 

solution could be used to render the dye insoluble. In 

general, concentrations below 1% have been used postvitally, 

while higher concentrations and smaller volumes have been 

used for subcutaneous, intraperitoneal, intravenous or 

intra-arterial injection. 
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In studies by Dixon (13) in 1963 and by Sakad.a and 

Maeda (29) in 1967 the innervation to the oral mucous mem

branes and periosteum have been demonstrated in thick 

sections. The presence of a fine subepithelial nerve plexus 

and a coarser deep dermal plexus in the dorsum of the tongue, 

hard palate, buccal mucosa and the floor of the mouth of 

various animals have been described. It has also been 

noticed by Dixon (13,30), Tolman (20), and Winkleman (31) 

that the tissues in the anterior portion of the mouth were 

more highly innervated than those in the posterior. The 

deeper plexus gave rise to branches which ramified as fine 

free or organized terminal endings in the dermal papilla (12). 

Often a single area has been observed to have multiple in

nervation through fibers originating from several points 

(13). This arrangement which allows for accurate tactile 

localization (33) is similar to that seen in the skin and 

has been described by Kuntz (32) in 1938. Nerve fibers have 

been found to course with the arterioles, venules and many of 

the capillaries. The subepithelial plexii discerned are 

primarily terminal ramifications of af'ferent fibers from the 

deep plexus. Where dermal papillae are absent or poorly 

developed, intraepidermal nerve filaments may been seen which 

originate from large diameter myelinated fibers of the super

ficial plexus (5,12,13,25). 

Another method of demonstration of nervous elements has 

been localization of cholinesterase activity (34-39). This 
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enzyme in the body functions to inactivate acetylcholine 

and thus terminates conduction of neural impulses along 

neurofibr1ls and at motor end plates. A "specific" esterase 

is primarily fomid in neural tissue and a "nonspecific" type 

is present in blood serum. By pretreating tissue sections 

with di-1sopropylfluorophosphate before incuibation with a 

reactive substrate it has been found that the nonspecific 

cholinesterase was inactivated and sites of the specific 

enzyme were clearly demarkated (J4-J6)1 and thus the nerve 

paths could be followed in tissues. The sites of enzyme 

activity were visible as dark brown deposits of copper sul

fide (37). 

To differentiate sensory from autonomic innervation, 

sensitization of adrenergic fibers is possible with subse

quent visualization by fluorescent microscopy. Anneroth (40) 

and Pohto (41) have demonstrated the adrenergic innervation 

in freeze-dried human pulpal tissue. Laties and co-workers 

(42), using buffered paraformaldehyde, have fixed cryostat 

sectioned cardiac tissue and have fom,d that this technique 

produced results as acceptable as the freeze-dried method. 

ARGYROPHILIC STRUCTURES 

Silver impregnation has been a technique that is widely 

used is neurohistology (4J-46). Various silver and connective 

tissue stains have also been employed to demonstrate nerves in 

the periodontium as well as collagen fiber groupings. The 

black coloration of argyrophilic structures is produced by 
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the precipitation of silver salts. Collagen, reticulin, and 

nerves are argyrophilic with collagen appearing golden-brown 

and reticulin and neural elements, black (47). The similari

ty in staining quality complicates the identification and 

characterization of these three structures in the period.on

tium. A morphologic comparison reveals1 that collagen and 

reticulin are more tortuous in their courses than nerves, 

they do not exhibit the var1cos1t1es observed on neural ele

ments (48); and they do not form specialized structures on 

their terminus. Reticulin, however, forms a finely branched 

rete throughout the gingiva which is very evident in the sub

epithelial zones and may be mistaken for nerve fibers. To 

further confuse matters, wavy unbranched, argyrophilic col

lagen fibers may also be present as a result of a healing 

wound (49). 

FIBER APPARATUS 

The normal periodontal unit is replete with an extensive 

collagen fiber system which functions1 to support the gingi

val tissue, closely approximating it to the tooth and in 

doing so minimizing the stresses induc·ed in mastication (50); 

to act as a mechanical block to the apical mi gration of the 

epithelial attachment (51), and by their arrangement act as a 

barrier to inflammation. 

The function of the fibers of the attachment apparatus 

is to furnish support, assisting the dynamic hydraulic 

mechanism (12,52,53) to dissipate occlusal loading pressures, 

and to anchor the teeth to the alveolar btmdle bone. 
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These collagenous fibers in their insertion in bone and 

cementum are known as Sharpey•s Fibers. In the periodontal 

ligament they do not span the entire width (51,53-56) as was 

once believed (57), but many fibers seem to be employed in 

the fabrication of apparently singular traversing bundles. 

Fibers have also been seen to decussate from bundle to bundle 

forming an involved plexus between them (54). These fibers 

are inelastic and quite wavy and it has.been suggested that 

the straightening of these undulations is part of the 

mechanism of force dissipation (54,57). In the mid-portion 

of the ligament an area of intertwining of alveolar and 

cemental phase fibers (the intermediate plexus) has been 

described by Goldman (51), Stallard. (56), and Sicher (55). 

It has been suggested that this arrangement of fibers allows 

for a more rapid turnover and orientation of alveolar phase 

fibers in response to physiologic demands, as well as to dis

sipate acute forces to the teeth (26). 

The proximal ends of Sharpey•s Fibers originate in the 

periodontal ligament and terminate either in the cementum of 

the tooth or bundle bone of the cribriform plate of the 

alveolus. Bone is laid down in a lammelar fashion without 

regard to the orientation of these fibers. While Sharpey•s 

Fibers can be demonstrated in association with the intersti

tial lammellae of bone, they are not seen in haversian 

lamellae. This, Provenza (54) has felt, confirms their peri

osteal origin. 
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Bundles of collagen enter the cementum and bone at or 

nearly right angles and disaggregate as splayed out fibrils 

which are oriented in, and obscured by the bony matrix 

(54,58,59). Plano-parallel sections at the periodontal sur

face of these two tissues reveal that most fibers have 

diameters of less than lOu but some are seen to exceed 20u. 

Inoue and Akiyoshi (60) have correlated. this fiber diameter 

variance and quantity per unit area to the functional demands 

that are placed on the periodontium. 

In both these ossified structures Sharpey•s Fibers 

demonstrate an uncalcified. core o.2-o.5u in diameter, abrupt

ly becoming calcified at the periphery. Selvig (61) has 

noted that fibers were occasionally crystallized in their 

entirety. The crystallites of hydroxyapatite are arranged 

so that the c-axis is parallel to the c-axis of the collagen 

fibrils (62,63) but randomly distributed. aro,md them (16). 

This arrangement of crystals to the collagen fibrils of 

Sharpey•s Fibers is similar to that found between the inor

ganic salts and matrix of bone. 

The various periodontal ligament fiber groups transmit 

vertical and angular forces to the cribr1form plate of 

alveolar bone where the internal bony trabeculae of the jaws 

form trajectories to direct this energy away from the mast1-

catory system (51,54,64,65). 
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MATERIALS AND METHODS 

Thirty Sprague-Dawley rats of either sex, weighing 

250-40~mg were sacrificed by excessive inhalation of anhy

drous ethyl ether in a closed container. Bucco-lingual outs 

were then made through the mandible distal to the continuously 

erupting incisors followed by sharp dissection at the base of 

the labial and lingual vestibules severing all muscle and 

muoosal attachments to the jaw. This allowed for in toto 

removal of the tissue under investigation. Fixation was ac

complished in Carnoy•s solution for 18 to 24 hours, after 

which the specimens were washed in water for one hour and 

decalcified in 5% nitric acid for 3 to 4 days. The tissues 

were then washed and dehydrated in ascending alcohols, embedded 

in paraffin, serially sectioned labio-lingually parallel to 

the saggital plane on an International Minot Rotary Micro-

tome at 10-15u, affixed to slides using egg albumin (J. T. 

Baker Chemical Co., N. J.) and allowed to air dry. Repre

sentative sections demonstrating various areas of the tooth 

and periodontium were selected, deparaffinized in xylene, 

hydrated in descending alcohols to be stained with a modified 

Gordon-Sweet Silver stain or Goldman-Bloom Trichrome stain 

for connective tissue, both with and without prior collagenase 

digestion. The collagenase solution was prepared according 

to Mandl, MacLennan and Howes (66,67) utilizing lee of 

phosphate buffer solution ( iM/15 Na2HP04 and M/15 KH2P04 in an 

0.9% NaCl solution [see Appendix i/) adjusted to a pH of 7.4 
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which contained 5mg of the enzyme (125-200 units/mg, Nutri

tional Biochemical Corp., Cleveland, Ohio). In an attempt 

to minimize differences in units per milligram between enzyme 

lots, the digestion solution was prepared in 200cc aliquots. 

5cc portions were then placed in plastic vials and frozen 

until needed. Collagenase solution compounded in this manner 

retained its potency for six months. 

Each tissue section was incubated with 0.2cc of the above 

mixture (68) at 45°c for 33 minutes, over water in a sealed 

container to maintain hydration. They were then washed in 

distilled water, dehydrated in ascending alcohols, rinsed in 

anhydrous ethyl ether and absolute alcohol (lsl), colloidin

ized in 1% Parlo1d1on (Mallinckrodt Chemical Works, N. Y.) in 

equal parts of anhydrous ethyl ether and absolute alcohol for 

one minute, air dried and placed in 70% alcohol. Those 

sections stained with Gordon-Sweet•s method were carried 

through silver staining, and the steps involving toning with 

yellow gold chloride and removal of Parloidion were omitted. 

All slides were then rinsed in xylene and motmted in Permount. 

Sections used as controls were not subjected to collagenase 

digestion but were incubated with distilled water along with 

the experimental group and stained with the enzyme-treated 

tissues • 

Color transparencies of representative areas at lOOx, 

43ox and lOOOx (oil immersion) magnification were made 

utilizing a Honeywell Spotmatic 35mm single lens reflex 



. , . . ' 

' . 

13 

camera body adapted to a Leitz Ortholux microscope with 

achromatic objectives. Illumination was color corrected 

with an 82C Wratten filter to 3200 K. The Ektachrome X 

Type B film employed was processed by Kodak Processing 

Laboratory (1712 South Prairie Avenue, Chicago, Illinois) . 

Using a 4 11 x 5" camera housing adapted to the Leitz Ortho

lux microscope 4 11 x 5" transparencies with Ektachrome Type B 

film were obtained. These were processed into lantern 

slides by Linhoff Color Processors (Minneapolis, Minnesota). 

Color prints (Ji" x 4t11 ) were then made from both the 35mm 

and 4 11 x 5" transparencies on Kodak Type C paper. 
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RESULTS 

In the development of this technique, several critical 

observations were made, The residual collagen matrix of 

both the decalcified tooth and bone appeared to be missing 

upon microscopic examination or was observed floating as 

fragmented sections when all slides were removed from the 

incubating chamber. Tissue sections subjectred to digestion 

for longer than 33 minutes at temperatures higher than 45°c 

excessively lost component connective tissue structures 

resulting in so drastic a disturbance of the anatomical 

relationships that these slides were not of histologic value. 

CONTROL SECTIONS 

Control slides (those not treated with collagenase, but 

stained with Gordon-Sweet Silver Stain or Goldman-Bloom 

Trichrome), demonstrated normal histologic anatomy. Tooth, 

epitheliuni.various components of fiber apparatus, and 

vascular channels were readily identifiable, although cellu

lar detail was lacking (Fig. 1-3,12,14,~l,22,27,30-33), The 

neural elements, however, were masked by the dense collagen 

and reticulin systems (Fi g . 12,14,21,22). As a consequence 

of silver staining, collagen appeared golden to black-brown, 

and with trichrome stain, blue (Fi g. 22). The subepithelial 

reticulin rete was qUite pronounced in sections stained with 

silver. In the area immediately subjacent to the basal cells 

of the epithelium, a dense network of black staining fine 

fibers was observed (Fig. 2). The rete of reticulin was 
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most evident in those sites where digestion was incomplete, 

and this fiber group was viewed as a discrete accumulation 

of black punctate bodies (Fig. 9) • 

In the labial marginal gingiva it was observed that the 

larger vascular channels were found in the midportion of the 

lamina propria -- between the sulcus (or its ameloblastic 

apical extension) and the labial epithelium. From this 

central area vessels branched laterally to their terminal 

circulatory beds. The gingival fiber system of this area 

appeared to be oriented parallel to the odontogenic and sul

cular epithelium while in the facial phase it presented an 

arborizing configuration (Fig. 6). At what appeared to be 

the base of the sulcus (the enamel being dissolved), a deeply 

penetrating dentate epithelial downgrowth was observed in all 

sections (Fig. 6). This erratic formation became an orderly 

rete peg arrangement of the ameloblastic layer farther 

apically. A hexagonal ordering of these cells was apparent 

when viewing them at right angles to their secretary surface. 

The labial plate of bone was very thin and demonstrated 

perforating vascular channels from the periodontal ligament 

anastomosing with those of the labial periosteum (Fig. 27-29). 

Major blood vessels were also observed in the mid-portion 

of the lingual gingiva. In the periosteal area vascular 

channels of finer caliber were noted (Fig. 2). 

Linear argyrophilic structures appeared to originate in 

the mid-portion of the periodontal ligament. This may be the 

intermediate plexus area or an area of fiber reorientation. 
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From this area the fibers coursed towards the cemento-dental 

junction, where they terminated in an indistinct mass of 

neural and collagenous elements (1"1.g. 12). These fibers 

entered the cemental area and there branched and decusated 

to their terminus (Fig. 14). In the alveolar phase of the 

ligament bundles of collagen were seen in cross section sur

rounded by a limiting structure of darker staining quality 

(Fig. 20). In areas where fragments of these collagenous 

bundles remained. due to incomplete digestion, it was observed 

that these limiting structures were neural elements which 

encompassed one or several Sharpey•s bundles (Fig. 25,26). 

These looping configurations were not of equal diameter and 

exhibited wide variance from field to field. 

The bundles of collagen originated in the periodontal 

ligament and followed a wavy course to alveolar bone where 

they inserted as Sharpey•s fiber bundles. These bundles 

could be followed to the junction of the bundle bone and 

cancellous bone where they abruptly terminated (Fig. 30-32, 

34,35). At higher magnification (Fig. 33) the tortuous 

nature of Sharpey•s fiber bundles was easily discerned. It 

was observed that many of the deeply penetrating, incompletely 

digested Sharpey•s fiber bundles demonstrated equidistant 

periodic banding across their width. These striations ap

peared. to be related to the fibers of the collagenous matrix 

of bone which ran at right angles to the periosteal collagen 

bundles. 
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Sharpey•s fiber bundles were also demonstrable in the 

lingual alveolar bone where they originated in the perios

teum. 

on occasion, blood vessels of the periodontal ligament 

were seen to course to the gingiva where they anastomosed 

with vessels of this area. In sections through the col the 

confluence of ligament and gingival vessels was also apparent 

(Fig. 1,40,41). 

EXPERIMENTAL SECTIONS 

Periodontal Ligament -- Alveolar Phase 

In the alveolar phase of the coronal periodontal ligament 

of digested sections, large caliber vascular channels were 

found to course with thick nerve bundles (Fig. 1J,2J,24). 

The complex rete of blood vessels in this phase apparently 

developed an involved network of nerve fibers. As smaller 

diameter vessels branched to their terminus, neural filaments 

continued their intimate association (Fig. 2J,24). This 

juxtaposition of structures was evident even to the capillary 

bed (Fig. 25). The characteristic pattern of nerve fibers in 

this area was a myriad of large coils and loops (Fig. 24,25). 

This anatomical configuration appeared to relate both to the 

capillary rete as well as to the collagen fiber bundles 

present in the ligament. As a result of the removal of the 

fiber apparatus by the collagenase, it was difficult to 

determine whether the coils or loops lay on the principal 

fiber bundles or twisted about them. However, in areas where 
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remnants of Sharpey•s fiber btmdles were still in evidence 

(indicating incomplete di gestion) nerve elements were seen 

to encircle areas previously occupied by the fibers (Fi g • . 24-

26). This relationship suggests that there are nerve fibers 

that course around the collagen btmdles. These nerves ap

peared to be fairly uniform in diameter, some gently tapering 

to their endings (Fi g . 26). In addition, neural elements 

ending in the connective tissue appeared to have small 

nodular swellings along their length (Fig . 26) and terminated 

as free endings or with small swellings at their tips • 

Vascular channels were observed perforating the cribri

form plate of the alveolus from marrow spaces (Fi g . 24). The 

relationship of nerve fibers to vessels and connective tissue 

in these areas was similar to that seen in the periosteal 

phase of the li gament. Organized corpuscular types of nerve 

endings were not seen although there was much evidence of free 

endings and knob-like structures. 

Periodontal Li gament -- Cemental Phase 

In the cemental phase of the periodontal li gament the 

nerve fibers coursed rather straightly from the mid-portion 

of the ligament, followin g the vasculature t0 the cementum 

(Fig. 13). Here neural elements were observed to branch and 

fork prior to entering the cemental area so that a more dif

fuse innervation was effected (Fig . 15,17,19). Near the 

tooth surface, terminal ramifications occurred with the dis

aggregation of nerve bundles creating a complex cemental 
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neural plexus. Occasionally, the looping structures that 

characterized the alveolar phase were seen in this segment 

of the ligament. Varicosities were noted on the terminal 

nerve filaments. The nerve fibers in the mid-portion of the 

ligament were of larger caliber than those observed close to 

the cementum. It appeared, that with branching and decussa-· 

tion, their diameter decreased, and they terminated as fine 

fibers either at or within the cementum or the connective 

tissue (Fig. 16,18,20). As a result of the technique and 

the thickness of the sections, it is difficult to pinpoint 

the terminations of the nerves. Fibers were also observed 

to travel at ri ght angles to the cemento-dental junction 

either within the cementum or on its surface for short dis

tances (Fig. 17), In this cemental area, fusiform shaped 

bodies with short fibers emanating from them were sometimes 

seen. Fibers also ended in a smooth taper. Occasionally 

they were seen to enter the area of the cementum, swing back 

alveolarly and once again turn and terminate at or within 

the cementum (Fig. 18,20) • 

The majority of the fiber ends were or. similar fine 

caliber. However, fibers of larger diameter were also 

viewed. These were not present in any orderly pattern but 

were randomly interspersed among the many finer fibrils. 

This investigator was unable to observe complex endings 

of the corpuscular types that have been noted in other areas 

of the body. 
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Lingual Subepithelial Area 

The lingual gingival epithelium was characterized by a 

keratinized surface, and was of undiscernable type due to 

the poor cellular detail inherent with the Gordon-Sweet 

Silver Stain. The definitive "deep plexus" of nerves as 

described by Dixon (10) was observed in these tissues. As 

the major vessels (in the supra-periosteal area) supplied 

the lamina propria, so did the larger nerves (Fig. 3-5). 

This relationship of nerves to blood vessels remained con

stant (Fig. 3). As the vessels ramified laterally forming 

the peripheral capillary bed of the gingiva, the nerve 

bundles divided and formed the familiar arborizing pattern 

of large loops and coils that were observed elsewhere in the 

periodontium (Fi g . 3-5,10,11). Here, in the outer one-third 

of the gingiva, a definitive area was encountered which cor

responded to the II superficial plexus. 11 Subjac ent to the 

basal layer of the epithelium were found curvi-linear and 

linear structures. Nerve fibers that appeared to circum

scribe collagen fiber bundles seemed to be of larger caliber 

than those ending in the connective tissue. Fibers inne~

vating the lamina propria appeared to have varicosities 

distributed along their length which were of apparent uniform 

width (Fig. 11). These coursed in relatively straight paths 

and did not appear to have a particular orientation to the 

epithelium (Fig. 11}. 
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Labial Gingiva 

The major blood vessels to the labial marginal gingiva 

coursed in the medial portion of the connective tissue, 

sending branches to the labial, the sulcular, and the 

odontogenic epithelia. In both epithelial phases large 

looping neural structures were seen although this was more 

pronounced subjacent to the amelogenic cells (Fi g. 8). 

Occasionally small singular loops were observed. Ci gar 

shaped bodies, fine branched endings, as well as knob-like 

structures, were observed. At lOOOx magnification no nerve 

fibers were observed to enter the overlying epithelium 

(Fig. 11). 

Long epithelial ingrowths were consistently noted in 

areas that appeared to correspond to the by-pass area of 

the epithelial attachment. Apical to this area rete pegs 

were developed in an orderly arrangement in the ameloblastic 

phase. Superior to the by-pass area the sulcular epithelium 

exhibited few, shallow, or no rete peg formation (Fi g . 6,7). 

In areas of greater cellular definition the labial epithelium 

demonstrated both a keratinized and parakeratinized surface. 

From the sections it was not possible to relate this varia

tion in surface characteristics to changes in the underlying 

connective tissue. 

Vascular Rete of Periodontal Ligament 

By projecting two groups of serial section slides in 

their proper sequence,caliber as well as the paths of vascular 
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channels of two periodontal ligaments were observed (Fig. 

39). Tracing these vessels recreated a large portion of 

two mesial periodontal ligament vascular retes (Fig. 40,41). 

Vessels of various diameters were traced both laterally and 

occlusally to anastomoses with vessels of the col and 

gingival areas. 
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DISCUSSION 

For the last fifteen years there has been an intensive 

interest in the identification and characterization of the 

proteolytic enzyme, collagenase. Studies have had as an 

objective the demonstration of the action of this compound 

in various physiologic and pathologic situations such ass 

the involuting uterus; the metamorphosing tadpole tail; and 

inflammatory states under the influence of normal and ex

perimental dictates. Investigations have also been directed 

at the role collagenase plays in various dystrophic diseases. 

All this effort demonstrates that, collagenases can be pro

duced exogenously or endogenously in relation to the tissue; 

collagenases from different sources effect different end 

products as a result of their varied mode of action; and the 

function of collagenase in the chain of collagen degradation 

is not fully understood. 

Because of its specific action, several investigators 

have attempted to utilize collagenase as a histologic tool 

(68,70). This material has its greatest potential in areas 

where dense collagenation obscures the·structures desired 

to be studied. This is precisely the situation in the 

periodontium if one wishes to discerne innervation. The 

oral anatomist is also confronted with the problem of decal

cifying tissue and preserving its reactivity as a substrate 

for digestion. Green (68) reported that many of the common 

fixatives, such as Zenkers fluid, formalin, Bouins fluid, 

buffered osmic acid, buffered ocrolein, formalin-sublimate 
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or Heidenhains susa, render collagen indigestible to 

collagenase, although Carnoy•s ethanol-chloroform-acetic 

acid (61311) or ethanol are found to be satisfactory. Mandl 

(66,67) observes that Hg++ completely and Ag++ to a lesser 

extent inhibit the enzyme as ~o most metalic ions in varying 

degrees, On the other hand Mg++, Mn++ and Co++ increase 

collagenase activity slightly and Ca++ does so twofold, 

Gallop (69) states that Ca++ is required in the substrate in 

both the suspended and solid phases, and that EDTA (Sodium 

Ethylenediamine Tetraacetic Acid) by its property of calcium 

chelation considerably diminishes collagenase action upon the 

substrate. Taking these facts into account, fixation with 

Carnoy•s solution and decalcification with 5% Nitric acid is 

accomplished without deactivation of the collagenase. Vice 

(70) observes that digestion of unfixed sections results in 

unlimited destruction of the tissues and therefore prediges

tion fixation is desirable. While formalin inactivates the 

collagenase, she finds that its use after digestion enhances 

silver impregnation of the tissues. This investigator finds 

that post-digestion fixation is not essential since with the 

described technique effective staining of the argyrophilic 

elements can be ac,hi eved. 

Collagenase preparations obtained from Clostridium 

histolyticum are often contaminated with other proteolytic 

enzymes. Ion-exchange chromatography has been suggested as 

a means of separating these unwanted enzymes from the 

clostridial extract (70). There is also a difference in 
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collagenase concentration between enzyme lots and for this 

reason 200ml aliquots of digesting solution were prepared 

at one time. Compounding the solution in this fashion 

minimizes variation in tissue hydrolysis and constant time 

and temperature factors can be maintained • 

Investigators have classically employed various 

techniques to suppress the staining qualities of collagen 

and reticulin. The literature of neurohistology ts replete 

with modifications developed to accomplish this end. Bernick 

in 1955 (1) reports that treatment of tissue sections with 

pepsin or trypsin, while not completely removing collagenous 

fibers, allows him to identify and characterize the nerve 

supply to the teeth and periodontal structures. 

Collagenase achieves removal of unwanted elements and 

permits an unobstructed view of neural structures. Time and 

temperature of the collagenase bath are critical for optimal 

hydrolysis of collagenous structures. If these are not care

fully monitored, the sections undergoing treatment are 

macerated to the extent that they are undecipherable. At 

the specified concentration, time, and temperature employed., 

(5mg/ml for 33 minutes at 45°c), all collagen including that 

which comprises the organic matrix of bone and tooth dis-

solves so that experimental tissues totally lack these 

structures, i.e. sections through the pulpal tissues appear 

to be suspended in space. only by imagining the presence of 

dentin can the pulp tissue be related to the total section. 

In those areas where a continuation of periodontal soft 
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tissue exists from buccal to lingual via the periodontal 

ligament, it appears as a hammock suspendeA between two 

peaks. This configuration is due to the orientation of the 

incisor to the saggital plane which results in sections 

being obtained that are tangential to the long axis of the 

tooth. 

The peripheral branches of the gingival nerves create 

an extensive plexus in the subepithelial zone. This neural 

rete, partially sympathetic and partially afferent, is as

sociated with the corresponding subepithelial vascular plexus 

of arterioles, venules and capillaries. The gingival nerves 

include both the afferent fibers which terminate in this 

area as well as the sympathetic fibers through which the 

gingival blood vessels receive their efferent innervation. 

The afferent supply consists of both myelinated and amyelin

ated fibers; the sympathetic are mainly amyelinated. 

This investigation unsuccessfully attempted to stain 

for myelin with Luxol Fast Blue stain after treatment with 

collagenase. As part of the preparation for staining, the 

slides were colloidinized, to maintain juxtaposition of 

parts, and it is probable that the ethyl ether-absolute 

alcohol bath removed the myelin fraction from the nerves. 

Additional studies are presently underway with modifications 

in the handling of the tissue sections so that staining may 

disclose the ramification and relationships of myelinated 

and amyelinated fibers. 
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The subep1 thelial or "superficial plexus" ( 13) forming 

in both labial and lingual gingivae is due to the arcuating 

configuration of nerves coursing with the terminal vascular 

bed. These nerves form circular structures which are so 

oriented as to lie upon the length, or around the circum

ference of, the collagen fiber bundles. In areas where 

epithelial rete pegs are prominent some of the nerve fibers 

associated with the vasculature terminate in relation to the 

vessels while others branch to join the subepithelial 

arborizing plexus. This is seen in areas where rete pegs 

are not pronounced as well as in the alveolar phase of the 

periodontal ligament. 

The periodontal innervation is composed of relatively 

slender fibers which vary in caliber but do not present 

distinct classes according to size. Nerves that end in 

complex structures are reportedly medium or small dtameter 

fibers (32). Since lamellated organs were not observed in 

the periodontium it consequently was not possible to cor

relate nerve fiber diameter to terminus type and theoretical 

function. Some of the straighter nerve bundles, ori ginating 

in the deeper tissues vary in diameter, but all terminal 

loops are approximately the same size. It is possible to 

speculate that all sensation is mediated through similar 

diameter terminal nerve fibers. 

This study substantiates Bernick•s findin gs (2,4,8) 

that complex end organs may not be present in the lamina 

propria of the periodontal apparatus. The fact that complex 
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end organs are not observed in studies employing enzymatic 

removal of collagen and reticulin does not necessarily prove 

nor disprove that these neural elements are present in these 

tissues, It is quite possible that the fine end body cap

sules and lamellated structures are so severely affected by 

enzyme dissolution that they are totally destroyed and this 

might lead one to erroneously assume that they do not exist, 

Varicosities along the length of nerve filaments are still 

identifiable as well as terminal arborizations which oc

casionally are seen to end in knob-like or expanded tip 

structures, 

A consequence of the tangential plane incisor section 

is a view in which the periodontal ligament is bounded by z 

the tooth superiorly; the alveolar bone inferiorly; and the 

labial and lingual gingivae laterally. In studying these 

sections it can be seen that in the mid-portion of the li ga

ment there is a change in fiber orientation from horizontal 

in the alveolar phase to vertical in the cemental phase. 

This zone of directional transition appears to correspond 

to the intermediate plexus described by Goldman (51), Not 

only are the collagen fibers observed creating this pattern 

but the neural elements also play a role, In digested 

slides linear nerve tracts are viewed in the cemental aspect 

of the ligament while arborizing figures are characteristic 

in the bony side of the ligament. If in the cemental phase 

nerve tracts coiled about bundles of principal fibers then 

spiral nerve tracts would be seen in this zone after sectioning 
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the tissues. Only a few such structures are to be found. 

By the same token, straight tracts in the alveolar zone, 

coursing parallel to the long axis of principal fibers, and 

cut in cross section, would appear as many argyrophilic dots. 

The explanation for this difference in fiber orientation is 

unclear and additional studies are contemplated to compare 

this configuration about other teeth from the same and other 

species. 

Straight nerve tracts in the cemental phase are some

times observed to have arborizing lateral branches giving 

innervation to adjacent connective tissue. The linear 

fibers appear to be oriented so as to terminate head-on at 

the cemental surface. This relationship with the tooth may 

be a function of the physiology of the constantly erupting 

incisor. As a consequence of continual eruption and chronic 

dentin erosion, HattyAsy (71) has projected that the pulp 

lacks sensory innervation. It is his belief that these teeth 

would be extremely s~nsitive if they had such nerve supply. 

It is also possible that the cemental surface of the rat 

tooth may not contiain fixed innervation. Bernick (72) has 

suggested that nerve fibers inhibit calcification of their 

extremities. If this is the case then the periodontal liga

ment nerves of the constantly erupting incisors stay fairly 

fixed in position and in effect are sliding across the 

cemental surface as it exfoliates. 

In several wholly or partially undigested sections the 

insertion and depth of penetration of Sharpey•s Fibers in 
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bone are distinctly stained. It is observed that they 

penetrate the buccal or lingual alveolar bone only to the 

bundle bone-cancellous bone interface. At this junction 

they terminate abruptly. This seems to confirm Provenza•s 

contention (54) that they are of periosteal origin rather 

than a product of continuous fibroblastic secretion during 

the development of the jaws. 
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SUMMARY 

A method has been described whereby tissues containing 

ossified components are decalcified and subjected to enzy

matic di gestion with collagenase. 

The labial and lingual gingivae of the constantly 

erupting mandibular incisors of the Sprague-Dawley rat are 

seen to be well innervated. Arcuating nerve fibers forming 

a discrete superficial plexus are observed. 

Nerve fiber tracts encircling principal collagen fiber 
' 

bundles are characteristic of the alveolar phase of the 

periodontal ligament. In the cementa! phase nerves course 

fairly straight to their terminus f rom a zone in the mid

portion of the li gament which corresponds to the "Intermedi

ate Plexus" described by Goldman. 

In all areas studied, nerves appear to end in knob-like 

structures or free endings. Complex end organ configurations 

are not seen but this may be a result of the collagenase 

di gestion of the tissues. 

Sharpey•s Fibers are observed inserting into the 

cribriform plate of the alveolar bone where they abruptly 

terminate at the cancellous bone interface. 

Blood vessels are observed anastomosing between the 

periodontal ligament, col, and labial or lin gual gingiva. 
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APPENDIX A 

Modified. Gordon-Sweet Silver Stain Procedure 

1. 

2. 

3 • 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11 • 

Oxidize in acidified permanganate for 2 minutes 

Wash in distilled water for t-1 minute 

Bleach in 1% oxalic acid for 1 minute 

Wash well in 3 changes of glass distilled water 

Mordant in 2% Iron Alum for 7t minutes 

Wash in 3 changes of glass distilled water 

Impregnate in Wilders Silver bath for 20 seconds 

Rinse well in distilled water 

Reduce in 10% neutral formalin for i-1 minute 

Rinse in 95% alcohol and dehydrate in 100% alcohol 

Rinse in . Xylol and mount with permount 
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APPENDIX B 

Phosphate buffer solution 

M/15 

M/15 

0.9% 

Na2HP04 

KH2Po4 

NaCl 

APPENDIX C 

Collagenase Digestion Solution 

4ee 

lee 

5ee 

Collagenase 5mg 

Phosphate buffer solution lee 
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APPENDIX D 

Key to Plate Abbreviations 

a 

ae 

af 

artifact 

amelogenic epithelium 

argyrophilic fibers of PDL 

afx argyrophilic fibers of PDL in x-section 

ag argyrophilio fibers of gingiva 

b bone 

bb bundle bone 

BN branching nerve fiber 

br basal reticulin layer 

c cementum 

ob cancellous bone 

CN coiled nerve tracts 

d dentin 

e epithelium 

eb epithelial bypass 

es enamel space 

f principal fibers of PDL 

K end knobs 

kf Korff's fiber 

la labial 

le labial epithelium 

LN large nerve coils 

m muscle bundles 

NS nerves aroimd Sharpey•s Fiber remnants 
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NV neural varioosity 

o odontoblastio layer 

p pulp 

pl periodontal ligament 

pr perforating vascular channel 

s Sharpey•s Fibers 

se suloular epithelium 

SN straight nerve tracts 

to terminal capillary bed 

TN tight nerve coils 

TNE terminal nerve endings 

v vascular channels 

VN nerves passing along vascular channels 

vr vascular retioulin 

z zone of fiber orientation transition 
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Fig. 1 Control section of lingual gingiva and perio

dontal ligament. Epithelium (e) appears golden to 

brown while the dentin (d) and lingual alveolar bone 

(b) are rust colored. The fiber apparatus of the 

periodontal ligament {pl) and gingiva is dark brown. 

Observe a blood vessel (arrows) coursing occlusally to 

anastomose with vessels of the gingiva here seen in 

cross section. Gordon-sweet Silver Stain. Mag lOOx 

Fig. 2 Control section of lingual attached gingiva. 

Note that although the epithelium {e) stains darkly, 

the basal cell area exhibits a light-er coloration. In 

the area of the basement membrane, the deep staining 

subepithelial reticulin layer {br) can be found. 

Coursing midway between the epithelium and bone {b) a 

large vascular channel (v) is observed with its circum

ferential reticulin layer (vr). Smaller vascular 

channels may also be viewed cut at varying angles to 

their trajectories. With the staining of the dense 

collagenous and reticulin network, one cannot define 

neural elements present. Mag 150x 
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Fig, 3,4,5 Serial apico-occlusal sections of lingual 

gingiva after enzymatic digestion. These photomicro

graphs of an area similar to Fig. 2 demonstrate a large 

gingival vessel with its vascular nerves (VN) coursing 

parallel to its long axis. The superficial plexus of 

large looping neural structures (LN) are quite evident 

as the non-neural argyrophilic fibers have been re

moved by the collagenase. There are however several 

areas where the subepithelia.l reticulin fiber system 

is still present. Mag lOOx 
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Fig. 6 Control section of labial gingiva. A prom1-

nent downgrowing epithelial rete peg (eb) with several 

secondary projections is observed arising from the area 

of the epithelial attachment. The sulcular epithelium 

(se), labial epithelium (le) and amelogenic epithelium 

(ae) are of fairly uniform dimensions. There is a 

suggestion of arborizing argyrophilic fibers (ag) in 

the lamina propria1 no differentiation can be made as 

to the nature of the structures creating th~s pattern. 

An artifact of an enamel space (es) has been created 

by decalcification with nitric acid. Mag lOOx 

Fig. 7 Treated section of labial gingiva. In this 

experimental section of an area similar to Fig. 6, sur

face relationships are the same -- although 1n mirror 

image -- but now through enzymatic dissection the neural 

rete of the connective tissue is clearly evident. Large 

coiling nerve filaments (LN) can be seen subjacent to 

the amelogenic and sulcular epithelia while beneath the 

labial epithelium this configuration, although present, 

is not as extensive. A large vascular channel (v) can be 

seen in the mid-portion of the lamina propria sending 

branches laterally as it courses to the free gingiva. 

The deeply penetrating epithelial bypass is prominent 

and appears to be at the coronal limit of amelogenic rete 

peg formation. Mag lOOx 
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Fig. 8 Arborizing neural structures and.terminal 

endings in the subameloblastic zone. Subjacent to the 

odontogenic epithelium (ae) knob-like terminal endings 

{K) and smaller looping structures (TN) as well as 

larger coiled filaments (LN) can be found. Near the 

bottom of the photomicrograph, a portion of a deeply 

penetrating epithelial rete peg (eb) from the by-pass 

area is observed. Fragments of the subepithelial 

reticulin can be noted &djacent to the amelobl~stic 

basal cells. Mag 4Jox 
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Fig. 9 Knob-like end organs in·the dermal papillae. 

Expanded tip terminal structures (arrows) are viewed 

in this photomicrograph of the amelogenic epithelium 

dermal papilla. The right pair of end organs appear 

to arise from a bifurcating looping nerve fiber. The 

numerous small punctate bodies along the periphery of 

the papillae are residual elements of the ret1cul1n 

rete. Mag lOOOx 





52 

Fig. 10 Lingual forn1x -- experimental section. 

Super·flcial nerve plexus of the lingual fornix ls 

viewed here as large circling structures (LN). A 

vascular channel (v) can be observed coursing verti

cally towards the epithelium (e). Mag 430x 

• 

Fig. 11 011 immersion of Fig. 10 insert. Coiled 

terminal arborizations (CN) and neural varicos1t1es 

(NV) are visible. Note ~he nerve fibers in the sub

epithelial zone terminating (TNE) in the connective 

tissue beneath the epithelium (e). Mag lOOOx 





Fig. 12 Control section of the coronal periodontal 

ligament. Blood vessels (v) are observed to oecupy a 

major portion of the alveolar phas~. Here argyrophilic 

fibers cut 1n cross section (afx) can be found inter

spersed between the vascular channels • . Midway between 

the crestal alveolar bone (b) and the dentin (d) there 

is a change in argyroph111c fiber (af) orientation 

creating a readily identifiable zone. In the cemental 

phase of the periodontal .ligament the fibers course 

fairly straight to their insertion into the cementum 

(c). Mag lOOx 

Enzymatic digestion of c9ronal periodontal 

ligament. Due to the removal of nonnervous argyro

philic fiber by collagenase hydrolysis, vascular 

nerves (VN) as well as nerves coursing directly towards 

the cementum (SN) are clearly evident. In the alveolar 

phase nerves that coiled about Transseptal or Group C 

fibers (CN) can be seen. Mag llOx 
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Fig. 14 Control section of cemental phase of coronal 

POL. Linear argyrophilic fibers (af) are viewed 

coursing to the cementum (c) in this undigested 

section. Collagen and reticul1n element mask the 

neural elements. Mag 4oox 
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Fig. 15 Cemental phase of coronal PDL after digestion. -

The linear nerve tracts (SN) are observed in this 

section. Note the lateral branching which are termina

ting in unexpanded tips. At the bottom of the plate 

can be seen the directional transition zone (z). 

Mag 430x 

Fig. 16 Insert of Fig. 15. This photomicrograph 

demonstrates bifurcating nerve fibers (BN) and terminal 

nerve endings (TNE). Observe the fairly uniform diam

eter of the arborizing end branches. Mag lOOOx 

• 
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Fig. 17 Cemental phase of coronal PDL after digestion. 

Straight nerve fibers (SN) coursing to their insertion 

in the cementum (c). Note the absence of lateral 

branching of the fibers except at their terminus. Mag 

430x 

Fig. 18 Insert of Fig. 17. 011 immersion photomil.• 

crograph in which a branching nerve fiber (BN) and 

terminal neural elements can be observed to insert 

into the cementum (c). The larger nerves deccusate 

into fibers of smaller diameter of uniform dimension. 

Mag lOOOx 
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Fig. 19 Cemental phase of coronal PDL after digestion. 

Cemental phase of periodontal ligament 1n which nerve 

fibers course from the directional transitional zone 

(z) to the cementum (c). A vascular channel (v) can 

also be observed travelling towards the cementum in a 

trajectory parallel to the nerve fibers, Mag 430x 

Fig, 20 Cemental phase of coronal FDL after "ase." 

011 immersion view of the cemental phase of the perio

dontal ligament. Here we can note nerve fibers 

branching to their termi-nus (BN) at the cementum (c), 

These neural elements appear of uniform diameter even 

to their ending (TNE). A fiber is also seen to enter 

the cementum, course towards the periodontal ligament 

and then return to the cementum. Mag lOOOx 
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Fig. 21 Alveolar phase of PDL -- Control section. 

Control section of alveolar phase of coronal periodo

dontal ligament in which one observes argyrophilic 

fibers (af) both in longitudinal and cross section. 

A fine fibrillar structure (N) can be noted in the 

lower right portion of the photomicrograph which has 

characteristic varicosities (NV) associated with 

neural elements. Mag 4oox 

Fig. 22 Alveolar phase of PDL -- Control section 

stained with Goldman-Bloom Trichrome Stain. A control 

section of the same general area as the preceding figure 

but treated with the·Goldman-Bloom trichrome. Here 

the bone (b) appears orange and the fiber apparatus 

of the periodontal ligament, blue. Vasc~lar channels 

(v) are also very evident in this section coursing 

parallel to the alveolar surface sending branches 

laterally to the ligament. Mag 110x 
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Fig. 23 Vascular channel and branching terminal 

nerves of alveolar phase. 011 immersion photomicrograph 

of a blood vessel in the alveolar phase of the perio

dontal ligament. Note the vascular nerves (VN) which 

course with the vessel as well as a branching nerve 

fiber (BN) forming coiled nerve structures (CN) and 

terminating as simple endings (TNE) in the connective 
' 

tissue. Mag lOOOx 

Fig. 24 Perforating blood vessel and nerves from • 

marrow space to PDL. A blood vessel with attendant 

vascular nerves (VN) ls seen perforating the alveolar 

bone (b) from a marrow space to the periodontal 

ligament. Several intact, and remnants of, Sharpey•s 

Fibers are seen in cross section. As vascular nerves 

branch from the vessel, coiled neural structures (CN) 

are created. Mag 400x 
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Fig. 25 Alveolar phase of deeper PDL after digestion. 

Experimental section through the alveolar phase of 

the periodontal ligament in which one notes the 

many coiled neural structures (CN). The terminal 

capillary bed (tc) is also evident as pale yellow 

tracts. In the upper right-hand corner alvoelar 

bone (b) with Sharpey Fibers cut in cross section 

can be seen. In addition several nerve fibers (NS) 

are seen to encircle areas of remnants of these 
-

principal fiber groups. Mag 4JOx 

Fig. 26 Nerves coiling about Sharpey•s Fibers. In 

this photomicrograph of an area of incomplete collagen 

digestion nerves (NS) are seen to scribe a course 

around remnants ofSharpey•s Fibers (s). Where complete 

digestion has occured a void exists and a coiled 

neural structure (CN) is now apparent. Several 

nerves with varicosities (NV) are also visible. The 

terminal capillary bed (to) can also be identified. 

Mag 1000x 
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Fig. 27 · Vascular channel perforating labial plate -

control section. A perforating vascular channel (pv) 

can be observed between two segments of the labial 

plate of bone (b) as outlined by the arrows. To the 

left can be observed the enamel space (es), the amelo

genic epithelium (ae) and the periodontal ligament (pl). 

A portion of the alveolar plate has fractured during 

processi~g causing an artifact (a) which resembles a 

vascular channel (v). Mag lOOx 

Fig. 28 Vascular channel perforating labial plate -

partial digestion. In this section vessels and 

attendant nerves can be viewed traveling from the 

periodontal ligament (pl) to the labial periosteum 

between segments of the alveolar-plate of bone (b). 

A large vascular channel is viewed in the ligament. 

Mag lOOx 

Fig. 29 Vascular chan~el perforating labial plate -

"ase.11 Blood vessels and nerves anastomosing with 

structures of the periodontal ligament and the labial 

periosteum. Mag 200x 
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Fig. 3Q Control section demonstrating Sharpey•s Fiber 

insertion. In this secticn Sharpey•s Fibers (s) are 

seen to enter the bundle bone (bb) and stop abruptly 

at the junction with the cancellous bone (cb). Mag 100x 

Fig. 31 Control section of Sharpey•s Fibers insertion • • 

In this photomicrograph fiber bundles are seen to 

originate in the periodontal ligament (pl) and to 

insert into the bundle bone (bb) of the mandible. A 

distinct transition occurs between bundle and cancellous 

bone in that no fiber bundles are observed in the 

latter. Several vascular channels (.v) are observed 

partially partitioning this bone. Mag 150x 

Fig. 32 Control section of Sharpey•s Fiber insertion. 

Note the abrupt termination of fibers at the junction 

of the bundle and cancellous bone. Mag 200x 
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Fig. 33 Control section of alveolar bone surface. The 

wavy nature of Sharpey•s Fibers are apparent in this 

section as they insert ~nto the bundle bone (bb) from 

the periodontal ligament. Note the vascular channel 

coursing close to the bone surface. Mag 4JOx 

Fig. 34 Partial digestion demonstrating Sharpey•s 

Fibers insertion. This plate depicts the depth of 

penetration of principal fiber bundles (s) into the 

bone from the periodontal ligament (pl). Major 

vascular channels (v) are seen to lie in the alveolar 

phase of the ligament. Mag lOOx 

Fig 35 Sharpey•s Fibers -- Partial digestion. Here 

the fibers are seen to have several curves of high 

amplitude in the ligament (pl) while in their 

insertion and after some digestion the amplitude 

is decreased although the frequency per unit length 

is increased. Mag 4JOx 
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Fig. 36 Korff's Fiber -- control. Arising near the 

periphery of the odontoblastic zone of the pulp is a 

tridentate structure defined as a Korff's fiber (kf). 

In the supra-odontoblastic area one can observe 

several blood vessels cut in cross section. Medially 

a large pulpal vascular channel (v) is seen. 

Mag 430x 

Fig. 37 Korff's Fiber -- control. In this photomicro

graph a Korff's fiber (kf) is seen to arise in the 

odontoblastic zone (o) of the pulp and extends into 

the dentin (d) for a considerable distance (arrows). 

Note the branched origin of this dense collagen 

bundle. Mag 430x 

Fig. 38 Korff's Fiber -- partial digestion. In this 

experimental_ section several purplish staining col

lagenous fibers are viewed arising from the pulp (p) 

and penetrating the area of the dentin (d). Mag 600x 
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Fi~. 39 Blood vessels of the periodontal ligament. 

A tangential section ·through the PDL demonstrating 

a portion of the vascul~r rete found in the alveolar 

phase. Mag 60x 
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Fig. 40 Graphic reconstruction of the vascular rete 

of the PDL. This plate was drawn from 25 serial sections 

of which fig.39 is an example. The alveolar bone (b) 
-has been removed by the digestion process. Various 

caliber blood vessels of the ligament are evident 

and can be observed anastomos1ng with each other, 

and with vessels of the col and lingual gingiva. A 

large lingual gingival vessel (left arrow) may 

also be seen. The epithelium (e) is continuous 

over the col from labial to lingual. Mag 60x 

• 

' '• \ 
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Fig. 41 Graphic reconstruction of the vascular rete 

of the PDL. This plate was drawn from JO seri~l sections. 

Various diameter vessels· may be observed. Anastomoses 

with col and gingival vessels are visualized. The 

alveolar bone (b) has been removed during the 

treatment with the collagenase. The epithelium is 

continuous from labial to lingual over the col area. 

A portion of the labial musculature can still be 

seen. Mag 60x 




