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CHAPTER I
INTRODUCTION

- Por many years past the ability of the supporting
dental tissues to regenerate, once lost, has been a controversial
issue. Much research on this subject has been done using both
human(1=6) and animal(1-18) material under varied conditions.

The prepondernﬁce of material offered in evidence of periodontal
repair is based on clinical and roentgenographic evidence. Histo-
loglie evidence of periodontal reattachment in men and animals 1is
donrliotihg. This invastigation has for its purpose a combined
histologic and oclinlcal approach to the understanding of the.
mechanism of healing of surgically detached periodontal tissues

to the surface of a tooth.




CHAPTER II
REVIZW OF THE LITERATURE

Por many years past the ablility of the supporting
dental tissues to regenerats, once lost has been & controversial
issue., Much research on this subject has been done using many
different animals and under varied conditions.

Beckwith, Pleming and Williams (1927-1928) reported
stages of regeneration of the artificlally destroyed periodontal
membrane, in gulnes pigs and rabbits, animals with continually
growing and erupting teeth. This was followed by a series of
experiments on cats to see whether a like sequence of repalr might
be demonstrated in an experimental animal with teeth charscter-
ized by limited growth. The pericdontal tissues were destroyed
in an area remote from the gingival crevice. Regeneration of the
periodontal membrane was again noted.

"A temporary reattachment of periodontal tissues in re-
implanted dogs' teeth"™ was reported by Skillen and Lundquist
(1934). Following this, the same euthors (1937) 4id an experi-
mental ntudy of "periodontal membrane reattachment in healthy
tissues of three dogs involving the gingivel crevice®. Pockets
were produced by passing a sharp instrument under the labial

gingival tissues separating them from the root. No bone was
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removed. Some pockets were ﬁreatnd with sodium sulfide and some
were left untreated. Sections were removed after one week, two
woeks and two months. The authors found, "at best, 2 mm. of con-
nective tissue reattachment on the healthy tissues of dogs. Epil-
thelium sesmed to adhere to the root surfece in dseper pgrta of
the pooket”.

Beube (1934) on dogs simulated the works of Beckwith,
‘Fleming and Williams, but in addition he used devitalized hetero-
genous bone powder to act &8s & nidus for bone formation. Such
production of new bone was obaarvgd; Further experiments (1941,
1942, 1947) with boiled cow bone showed histologic evidence of
formation of cementum and perlodontal membrane as well as bone.

Skillen and Lundquist (1935) produced experimental
gingival injuries in dogs. Various types of surgery were used to
produce the injuries. These included

1. severing the gingiva to the level of bone

2. " " " o " " %" plus the

use of sodium sulfide

3. typical flap operation

4. typleoal gingivectomy

They reported in conclusion: "In most instances there
was only partial and sometimes very little periodontal membrane

reattachment.”




Copper bands were cemented to the teeth of dogs by
Swenson (1947) to produce experimentsl periodontal pockets. He
interpreted his histologic sections to show a resulting pocket
similar to the pathologlc perliodontal pocket occurring in man.

- In 1850 Linghorne and 0'Connell began & serles of ex~
periments. The first was "a study of soft tissus reattachment
following surgical destruction of bone and periodontal membrane”.
Notches were made on the enamel surfaces of the canine tooth of a
dog to mark the position of the gingiva and to be able to record
clinically the depths of the pockets. They noted repeatadly‘"a
reattachment of connective tissue of the gingiva to the tooth by
means of & deposition of new cementum". They also observed "that,}
when reattached, the fibers ran in s parallel direction rather '
than the characteristic oblique direction to the tooth".

Ranf jord (1951) took up the work started by Stone (1934]
and FPish (1946) concerning surgically produced pockets on Rhesus
monkeys. He demonstrated "both connective tissue and epithelial
reattachment on root surfaces that had besen exposed in an inflame(
periodontal pocket and that removal of the epithelial lining of
the poocket was necessary to obtaln reattachment”. He also noted
that "the degree of inflammation in the erea of healing appearsd
to determine whether the resttachment would be eplthelial or

connective tissue in type".




Linghorne and 0'Connell (1951) in their follow=-up
experiment with dogs employed the same methods used previously
but added sutogenous bone chips to stimulate osteogenesis. Re-
generation of the alveolar process in varylng degrees was observ-
ed.

Butcher (1954) reported "periodontal fiber reattachment
in reimplanted incisors of monkeys".

Jansen, Coppes and Verdenius (1955) reported a study on
the healing of periodontal lesions in dogs under constant contam-
ination of the wound by oral contents. The rssults were compared
with the repair of similar lesions in which contaminatlion and the
ingrowth of oral epithelium could be excluded. In the experl-
mental animal reattachment was found to occur, but their results
suggested to them that the periodontal membrane may fall to re-
attach for months even without the presence of epithellium.

Linghorne and O'Connell (1955) showed regeneration in
surgically created "epitheliged" pockets on dogs. After reflect-
ing a soft tissue flep and removing some alveolar bone, a pack of
zinc oxide and eugenol was pleaced in the pocket for three weeks
to assure epithelialismation of the pocket. A hypothesis was
advanced to explain the obaerved regeneration as follows: "A
pro;iferation of cells just beneath the epithelial attachment
displaces the epithelium crownwise. The tooth is now exposed to

new cells and 1s resorbed until differentiation of cementoblasts




takes place. These lay down new cementum. After the resorptive
process has progressed for some time the area of reattachment
shows & continucus presorption of the tooth."

Linghorne continued this study (1957) by demonstrating
regeneration in epithelized pockets following the organization of
e blood clot in dogs. Periodontal packs and cements were employed
to prevent reattachment of the surgical flaps to the tooth once
a section of bone had been removed., The wound was allowed to
heal for forty-five to ninety days. A new gingival flap was made,
further presvented from reattaching by painting it with a solutlion
of gum copal 1in alcohol and then collodion. As in the previous
experiment autogenous bone chips were used to f1l1 the space and
after the blood clot formed it was protectsd by collodion applled
to the oral surface of the gingiva. A new flap was made after
forty-five to fifty days and the wounds examined. If the results
were not satisfactory, the same procedure was repeated. :If satis+
factory the flap was resutured, allowed to heal for thirty more
days and removed for sectloning.

He reported "reattachment and regenseration of bons and
periodontal membrane without removing the epithelium from the
inner aspects of the soft tissue wall of the bocket“. An average
of 4,50 mm. of new bone was seen plus 5.25 mm. of attachment. No
distinction was made between connective tissua and epithelial

attachment.




Schaffer in 1956 implanted cartllage into the perio-
dontium of four Rhaaus.monkeya. Three implants were autotrans-
plants and three homeotransplants, from the cartilage of the ear
lobe. He noted "at first the cartilage was surrounded by new
connective tissue; then it was invaded by fibroblasts and endo~
thelial cells that formed capillaries. Later, presumably after
differentiation from mesenchymal cells, ostecblasts formed new
bone "

In 19587 Schaffer used autogenous and heterogenous
cementum and dentin implants in one dog and one Rhesus monkey.
The autogenous implants were placed in two extraction wounds and
in one surgically created periodontal pocket in the dog. Tooth
particles from humen teeth were used as heterogenous implants
into two surgically created perlodontal pockets in the monkey.
Prior to lmplanting, the particles from human teeth were auto-
claved and kept dry for one day and for fifteen days respectivelyd
The dog was sacrificed after sixty~four days, the monkey after
twenty-eight dlys. The author reported "osteogenesis ocourred in
all of the implants, but 1t was much less in the periodontal
pocket in the dog than in the extraction wounds or in the sur-
glcal pockets in the monkey. Small implants appeared to be more

effective in stimulating osteogenic activity than larger implants|




CHAPTER III
MATERIALS AND METHCDS

Ten young adult mongrel dogs with full permanent denti-~
tion approximately two to three years of age sserved as subject
material. Surgicel flap operations were performed on the maxile
lary canines in this investigation becsuse of sccessabllity and
lack of muscle tension in this area. The animals were anesthe-
tized by Nembutal administered either intra-venously or sub-
peritoneally.

Previous to the surgery at a point approximately 1 mm.
below and parallel to the ginglval margin & notch was cut, by
means of a power-driven abraslive disc, into the labial enamel
surface extending slightly into the dentin. This noteh served as
a point of reference from which measurements could be calculsted
after the tissues had been detached surglcally from their origina}
position.

The surgical flap was then made on the labial gingiva
and mucosa directly above the notch, thus exposing the periosteal
side of the alveoler bone. The incisions began immediately me-
#ial and distal of the canine and extended upward and obliquely
away from the long axis of the tooth for a distance of approxi-
mately 10 mm. in each direction. The flap now had a base ranging

8




between 25~30 mm,.,, thus wilder at its base than at its apex.

A seoction of alveolar bone spproximatsly 7x6 mm. with
the attached periodontsl ligament was removed.

A second notch was then made on the tooth at the bhase
of this exposed area. This notch served as & point of reference
which 1limited the apical extent of this surgically produced
"pocket" (Plate I - Pig. 1). A soft pack of zinc oxide &nd
eugencl was placed over the exposed area completely covering it,
including the noteh at the bese. The pack was allowed to harden
and the wound was sutured.

The pack was allowed to remain for three wesks and was
then removed. Clinical estimates of the emount of atrophy and
pocket depth were made.

The animals were sacrificed by an overdose of nembutal
injected directly into the heart at the following intervals:

23 days
36 days
4) days
51 days
59 days
76 days
158 deys
160 days
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308 days
331 days
Histologlice examination of the operated areas weas
secured by the following method:
FPixation = 10 percent neutral formalin solution
Decalcification ~ large quantities of 5 percent asequous
| nitric acid solution, observed every
two days until completely decalcifled
Spscimen washed in running water for twenty-four hours,
[ then neutralized in 10 percent formalin to which an excess of
calcium or magnesium carbonste has been added; again washed in
running water for 24 to 48 hours.
Dehydration -~ 75 percent alcohol (24 hours)
95 percent alcohol (24 hours)
100 peroent aleohol (24 hours)
Ether slcohol (4 and &) (24 hours)
Embedded - celloiden (thin - 1 week)
medium - 1 week
thick -~ 1 week
Seotibnad - gerially

Stained - hematoxylin and eosin




CHAPTER IV
A, CLINICAL FINDINGS

At the time of operation the artificial periodontal
pocket, created by the detachment of the gingiva, periodontal '
ligaments and removal of a 6x7 mm. section of alveolar bone
averaged a depth of 10 mm.

1. The establishment of a new dento-gingival junction

This was apparent two days after the removal of the
pack, and could be visualized by gently exploration and probing
to identify the firm establishment of & union of the tissues to
the tooth at the most apical portion of the pocket.

2, Atrophy of the gingival flap

#Weekly clinical examination, without anesthesia, re-
vesled an atrophy of the soft tissue wall in an apical direction.
This recession progressed in the two months after the surgical
detachment and then the relation of soft tissues remained fairly
constant.

At the fifty-first post-operative day the shrinkapge
of soft tissue averaged 3 mm. or one-third of the length of the
flap.

3. Deptn of the pocket

A reductlion of the depth of the poocket 1s dependent
11
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on two factors:

(a) An atrophy of the soft tissus flap:
the gtrophy of the gingival flap, measured from
the coronal notch to the margin of the gingivsa,
averaged 3 mm .

(b) A coronal movement of the bottom of the pocket Ly

reattachment of the flap to the tooth:

the pocket depth, measured from the ginglival
margin to the bottom of the pociket averaged 4 mm.

thus a reattachment to the bresdth of 3 mm. must

have occurred.
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B. MICROSCOPIC FINDINGS

1. Twenty-three days

| Histologle examination of specimens from an animal
sacrificed twenty-three days after the surglcal production of s
periodontal pocket and two days after the removal of the pack re-
vealed the bottom of this pocket to be located at its original
position at the apicel edge of the notch in the root of the tooth.
The pocket and thils notch which marked the bottom of the arti-
ficial pooket were entirely free of remnants of the pack.

The wound ares was epithelized, 1.e. the epithelium
completely lined the dental surface of the soft tissue pocket
wall., The epithelisl lining displayed a definite basal cell
layer throughéut its entire length. An adjacent layer of prickle-
type cells varied in depth from two cells over the papilllae at
the c¢enter portion of the pocket lining to 8 ~ 7 cells at the
most aplcal portion comprising the epithelial attachment. Here
the cells appear swollen and there appeared to be some hydropie
doggneration present. Closer to the surface these cells appeared
flatter and contsined flattened pyknotic nuclei. The coronal
third of this lining had a keratin layer, beneath which a definitq
granular layer could be distingulshed.

Epithelial ridges extended into the connective tissue

that in this animal was free of inflammation.
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Exposed cementum within the pocket area, coronal to the
notch in the root of the tooth varied between four to fifteen
layers in depth. These layers wers separated by resting lines.
The surface layers were irregular in outline and thinned out in
a coronal direction. The cementum aplcal to the notoch in the
root of the tooth was fifteen layers thick and the surface layers
displayed a smooth outline. In the deeper layers of the cementum
both atove and below the notch in the root of the tooth the lacu-
nae wers empty. While most lacunse of the superflcial layers of
exposed cementum were empty, some contained, surprisingly, cemen-
tocytes.

The line of resection of the alveolar bone revealed
active areas of resorption indicated by the presence of osteo-
clasta. The periosteal alde of the alveolar bons was irregular
in outline while the dental side displayed one reating line in
the bone.

2. Thirty-six days

At thirty-six days the bottom of the artlficial pocket
was located at the coronal edge of the notsch in the root of the
tooth. A few remnants of pack and cellular debris were present
in the pocket. The wound area was incompletsly epithelized, 1l.e.
the epithelium was disrupted and 4id not reach to the most aplcal
part of the pocket. Here approximately g mm. of connective tissuel

remained exposed and the seplthellum did not come into contsct




with the tooth Plate II, Fig. 2.

The epithelial lining displeyed & definite basal cell
layer throughout ita entire length. An adjacent layer of prickle
cells varied in depth sccording to the loecation averagling seven
calls depth in the center portion of the lining end three to four
cells at both coronal snd apleal margins., The surfece layers
appeared disrupted.

Small epithelial ridgzes extended into the connective
tiasue from the coronal one-third of this pocket lining but were
absent 1in the apleal two-thirds. The connective tissue directly
ad jacent to the ridges showed a mild degree of chronlec inflamma-
tion manifested by the presence of lymphocytes and plasms cells.
In the notech in the root of the tooth proliferating connective
tissue was neen Plate III, Fig. 7. This tissue was highly cell~-
ular in nature consisting of numerous fidroblasts and many young
collagenous fibers with no definite pattern of arrangement.
There were young patent ocapillaries interposed throughout, the
endothelial cells of which were awollen. A side finding of
secondary interest is the presence of & linear arrangement of
dentin particles in the connective tissue betwesn the tooth and
alveolar bone below the notch in the root of the tooth. There,
particles were embedded in 1ayara of osteold tissue and appeared

to be acting as a nidus for bone formation Plate IV, Fig. 8.




18

No cementum within the pocket area, coronal to the root
notch was visible. A very thin layer of cementum was present
aplecally to the root notch adjacent to a cementold layer and
bordered by a layer of well defined cementoblasts.

The tooth surface showed areas of interrupted resorptior
Juat apical to tho,ﬁotoh Plate V, Flg. 9.

The line of resection of the alveolar bone was covered
by large amounts of trabeculsar bone lined by a layer of osteo~-
blasts at its periphery. This bone had a width greater than the
reast of the alveolar process Plate V, Flg. 9.

The line of resection of the alveolar bone was covered
by large amount of trabeocular bone lined by a layer of osteoblastf
at its periphery. Thls bone had a width gre@tar than the rest of

the alveolar process Plate VI, Pig. 10. The large amount of new
’trabacular bone was obasserved aplcal to the notch in the root of
the tooth which was 2.00 mm., from the cemento-enamel junction.
3. Fifty-one days
At fifty-one days the bottom of the artificisl pocket

was loocated 4,25 mm. corocnally to its original position at the
time of surgery Plate II, Fig. 3. Any measurement of the amount
of reattachment 18 the sum of the amount of new connectlive tissue
attachment plus new epithelial attachment.

There were no ramnents ot pack in the pocket. The

wound area was epithelized, i.e., the epithellium lined the dental
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surface of the soft tissue pocket wall and was attached, et its
most aplcal extent, to the tcoth surface for a length of 1.50 mm.
Table 1.

The epithelial lining was fairly uniform in width
averaging five c¢ells in thickneas. No definlte basal cell layer
could be dilstingulshed. The cells comprialng most of the lining
were fusiform in shape. The surface layer of cells appeared
flattened and gave the tissue a smooth outline. No definite
eplithelial ridge formation was evident except for one area of
eplthelial proliferation into the connectlive tissue where the
opithelium was surrounded by a high degree of chronic Inflammation
as evidenced by the presence of rocund cell infiltration. The
new connective tissue which was atteched to the tooth surface in
and coronal to the root notch was observed to be highly cellular
in nature, most of the cells were fibroblasts although no definitq
collagenous fiber bundles could be distinguished. Scme patent
caplllarles persisted although the endothellal cells were no
longer swollen but instead appeared flattened Plate VII, Fig. 11.

The connective tissue compriaing the periodontal liga-
ment apical to the notch revealed collagenocus fiber bundles, some
of which were arranged parallel to the tooth and some at right
angles which seemed to be orienting themselves.

& continuous resorvtion of the dentin surface in and

coronally to the notch in the root of the tooth was observed to
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be covered by a laysr of cementold and bordered by a definite
layer of cemento-blasts.

A most striking feature of this time interval was the
amount of bone added to the line of resection of the alveolar
crest. The width of the bone was not quite as wide as the root
of the slveolar process and sxtended to the coronal corner of
the root notch.

The periosteal side of the alveolar process revealed a
resting line and an adjacent layer of osteoid tissue bordered by
a dense layer of osteoblasta. This osteold tlssue and osteo-
blasts were also seen on the dental side of the alveolar process.

4. Seventy~six days

At seventy-six days the bottom of the artificial pocket
was located 3,75 mm. coronally to its original position at the
time of surgery Plate II, Filg. 4.

There were no remnants of pack in the pocket. The
wound area wes epithellized, 1.e., the epithelium lined the dental
surface of the soft tissue pocket wall and was attached, at 1its
most apiocal position, to the tooth surface for a length of
2.00 mm., Table 1. The epithelisl lining had a definite basal
cell layer throughout its entire length. There was a depth of
eight cells thickness. The cells couprising the coronal portion
were prickle shaped whille those making up the apical half were
flattened.
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There were proliferating and anastomosing epithelial
ridges in the coronal half. The adjacent connective tissue was
intensely inflamed. Lymphocytes and plasme cells were seen.

The apical half of the epithellal lining was lacking
in ridge formestion and there was relatively no inflammation in
the adjacent connective tissue.

In the area of the root notch the connective tissue was
organized into definite collagenous fiber bundles. For the first
time a gingival group of periocdontal ligament fibers could be
distinguished. These fibers extended from the bone covering the
line of resection of the alveolar c¢rest into the lamina propria
of the gingiva. In the connective tissue filling the notch in
the root of the tooth there was marked reduction in fibroblasts
and an increase in collagenous fliber formation. There was a high
degree of chronic inflammation Plate VIII, Fig. 12. Hostly
lymphocytes and some plasma cells were present.

Just apical to sand in the notch the dentin surface
showed continuous resorption. A slight amount of interrupted
resorption was seen coronal to the notch. These areas of re-
sorbed dentin were covered by & new layer of cementum which was
ad jacent to a layer of cementoid. A definite layer of cemento-
blasts was seen at the periphery.

The bone covering the line of resection of the slveolar

crest was irreguler in outline and was bordered at its peripheral
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margin by a seam of osteold tissue. The highest extension of the
bone was located slightly aplcal to the notch in the root.

A resting line was observable on the periosteal side.
No such lines could be distinguished on the dental slde of the
alveolar bone. A layer of osteoblasts was seen on both the
periosteal and dental surfaces of the alvsolar btone.

5« One hundred and fifty-elght days

At one hundred and fifty-eight days the bottom of the
artificial pocket was located 4.50 mm. coronally to its originai
position at the time of surgery Plate I, Fig. 5.

There were no remnants of'pack in the pocket. The
wound e&rea was epithelized, l.e., the epithellium lined the dental
surface of the soft tissue pocket wall and was attached at 1its
most apicai portion, to the tooth surface for & length of 2.00 mm|
Table 1.

The epithellel lining displayed a definite basal cell
layer throughout its entire length. An adjecent layer of prickle
cells varied in depth according to the location ten cells depth
in the apicel half of the lining to five cells at the coronal
half. The surface layers appeared smooth in outline throughout
its entire length.

Extensive proliferation of epithelium into the adjacent
connective tissue was seen in the coronal half of the lining, but

was absent in the apleal half. The connective tissue directly
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fd jacent to the coronal two-thirds of the eplthelial lining dis-
played a high degree of chronic inflammatlion again evidenced by

round cell infiltration. Thls type of inflammation persisted in
the apical one~third but to a much lesaser degree.

The connective tiassue beneath the epithelial attachment
and inAtho aplcal notch was differentiated into definite collagen-
ous fiber bundles. Three types of fibers of the ginzival group
of the periodontsal ligament were able to be distinguished. The
firast type, "the alveolo~gingival™, extended from the alveolar
bone to the gingiva. The second type 1s "the dento-gingival",
which extended from the tooth surface to the gingiva. The third
type, "the periosteal”, extended from the periosteal side of the
alveolar bone into the gingiva.

Filling the notch in the root of the tooth was connect~
ive tissue which wes relatively free of inflammation.

Continuous resorption of the dentin surface was seen
beginning at the apleoal edge of the notch in the root of the
tooth, extending into and slightly coronal to the notch. Directlj
covering this resorption is e layer of very thick cellular ce-
mentum which extended corbnally to the base of the epithelial
attechment Plate IX, Fig. 13. This cementum appeared bone-~like
and extending from it are some cemental spikes. A layer of
cementoblasts could also be seen.

The alveolar bone &t the line of resection, at the
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periosteal and dental sides was irregular in cutline. Resting
linea and a definite lsyer of osteoblasts were seen on all sur-
faces. The furthest extent of this bone was located slightly
aplcal to the aplcal notch in the root of the tooth.

6. Three hundred and thirty-one days

At three hundred and thirty-one dsys, the bottom of the
artificlal pocket wes located 2.50 mm. coronally to its original
position at the time of surgery Plate II, Flg. 5. There wers no
remnants of pack in the pocket. The wound area was epithelized,
i.0., the epithelium lined the dental surface of the soft tissue
pocket wall and was attached, at its most aplcal extent to the
tooth surface for a length of 1.75 mm. Table 2, Plate X, Fig. 14.
In all other respects sections from this time interval closely
resembled the sections from the one hundred and fifty-elight day

specimen.




CHAPTER V

DISCUSSION

A. The Regeneration of the Dento~-Ginglivel Junction

The timing, the degres, and the_proportion&l amount of
new connective tissue attachment and new epithelial attachment is
& significant finding of this experiment. However, the problem
of reattachment of the soft tissues to the hard tlssues of a tooth
must be considered from these two individual aspects before the
mechanisms of regeneration may be clarified.

1. The attachment of the connective tissue elements to

the tooth surface and alveolar margin

2. The attaohmént of the epithelium to the tooth sur-

face
These two attachments then comprise the "dento-gingival junction".
The connective tissue provides the mechanical reaistance needed Iix
such a junetion of hard and soft tissues while the bioclogical
sealing of underlying structures against bacterial and chemical
irritation 18 provided by the attachment of the epithelium to the
surface of & tooth.

The two functions are somewhat overlapping in these
tissues but serve for the greatest part as stated above.

Plate XI, Fig. 15 and Plate XII, Fig. 16 show that
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there 1s & relatively constant proportion of new connective tis-
sué and new epithellial attachment.

1. The connective tissue had & range of attachment
- which measured from 1.25 mm. to 2,50 mm. from the apical portion
of the notech in the root to the apical end of the epithelial
attachment.

2. The spithellal attachment was observed to be a cuff
measuring in a majority of the specimens 1.50 mm. to 2.50 mn. in
length.

In this study the connective tissue was formed and
attached to the tooth surface in the earliest atages, but 1t
organized slowly and could not be distinguished as definite col-
lagenous fiber hundles until the seventy-sixth post-cperative
day. On the other hand, a definite epitheliasl attachment also
may be observed as early as the twenty-third day after the sur-
glcal production of the artificisl pocket.

It 1s interesting to note that definite orderly pro-
gressive stages of development could not be observed time-wise.

It appears that the varlation in the pattern of healing
exhibited 1s due to the early behavior of the pack in the pocket.
If this pack were displsced from the notch in the root of the
tooth early, this would allow a blood c¢lot to form and organize
into connectiva tissue before the epithelium had a chance to

migrate down the pocket wall and prevent 1ts organization. If
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the pack was held in place for a longer period of time the epi-~
thelium then had more time to migrate down the pocket wall and
attach 1itself to the tooth surface tefors the connective tissue
could be formed.

Also observed in sections from the twenty-third day
specimens was & definite keratin layer on the surface of the
coronal one~third of the eplthelial lining. Thils was possitly
due to an irritation, both chemlcal and physical, on direct con-
tact with the zinc oxide and eugenol pack.

The large amount of new bone found apical to the notch
in the root of the tooth Plate VI, Fig. 10 in the thirty-six day
specimens 1is sexplained as follows. This notch was the point to
which the seven millimeters of bone was removed to. Since this
new bone 1s found aplcal to this noteh it must be the consequence
of eruption of a tooth that was not completely erupted at the
time of surgery Plate XIII, Figs. 17, 18, 19, 20.

In most of the specimens a proliferation of cells of
the epithellal lining into the adjacent connective tissue was
seen in varying degreea. Since & prominent infiltration of
ochronic inflammatory cells was alwayﬁ observed in the areas of
connective tissue surrounding these epithelial proliferations, it
is felt that they are the result of irritation (possibly from
toxins originating in the nocket area) and not a normal structure

of this peart.
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B. Comparison of Pindings with Pravious Experiments

It has been polinted ocut in the review of the literature
that a similar experiment was performed by Linghorne and O'COnneli
(1955)« The findings in this study appear to be contradioctory to
theiras. However, certaln procedurss in this expseriment differed
from theirs. The variations in procedure, must be stated here,
since the basis of explanation of the contradictory findings is
dependent upon this comparison.

1. When the artificial pocket was made, Linghorne and
O'Connell used only one notch (in the enamel) as & point of ref-
erencé. To denote the most apical extent of the newly created
pocket the cementum was scraped from the root surface of the tooﬂ#
The most aploal point of denudment of the cementum indiocated the
bottom of the pocket. Thilas seemed highly inadequate since re-
sorption which 18 constantly seen to take place in such & process
of repalr will easily destroy thils point of reference.

Therefore in the present experiment in order to have an
unmistakable point of reference marking the bottom of the surgic-
ally created pocket a notch was also placed in the root in addi-
tion to the crown as the second point of reference Plate I, Fig.l,

2. The figures recorded at the various ﬁime’intervnls
by Linghorne and O'Cthall were taken from the living animal by

means of & probe calibrated in millimeters.
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In the present experiment in addition to gross e¢linical
measurements, microscopic measurements were made on histologle
sections obtained from the animals saorificed at the various time
intervals. Realizing thaet a pocket does not always heal uniform-
ly around & tooth, serial sections were made of the teeth and
histologic measurements were taken Plate XV, Fig. 1. This was
done by means of an eye-piece disc micrometer which was calibra-
ted with a slide micrometsr, measured in units of .01l mm.

3. No histologic sections before the nineteenth post-
operative montnh were secured by Linghorne and O'Connell, nor were
any microscopic méaauremcnta computed on the histologic specimens|
However, a hypothesis of what transpired during these post-opera-
tive nineteen months was offered by the authors.

In the present experiment histologic sections were
secured as early as 23 days post-operatively (2 days after rembvan
of the pack) and &t periods of 36, 41, 51, 59, 76, 163, 160, 331
days.

The hypothesis advanced by Linghorne and O'Connell
suggests that during the healing process & progressive displace-
ment of the epithelial attachment occurs'in a coronal directlion.
Linghorne and 0'Connell 1llustrated diagramatlically these pro-
gressive stages of healing according to their hypothesis Plate
XI1v, Figs. 21(A), 22(B), 23(c), 24(D), 25(E). This hypothesis

therefore indicates that the epithelisl attachment must be closasﬁ
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to the apical notcn in the earllest specimeﬁa and furthest from
this notch in the oldest spécimens. These conclusions cannot bte
substantiated by the results of the present experiment. To the
contrary, the epithelium was observed to be attached at 1ts max-
imal coronel position from the aplcal notch in the younger speci-
mens and progressively closer to the apicel notch in the older
specimens until at 331 days the epithelial attachment had encro-
ached upon the notch itself. This phenomena might be interpreted
by the fact that the epithellal attachment was once attached at
a more coronal point and then in time migrated eplcally.
Comparable stages to those shown in thelr 1llustration
was seen in the present study, except they did not follow the
same progressive order of occurrance. This 18 best shown by the

following table of comparlson.

Progressive stages represented

by Linghorne and O'Connell in TPig. 21(A) 22(R) 23(C) 24(D) 25(E)

order of ocourrance
Plate XIV

Comparable stages 1ln present
study in order of occurrance Fig. 2 ¢ 4 4 3

The implications of these findings are as follows:
l. There was a definite regenserative capacity of the dento-gingiv-

al junction, limited only in extent.
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4.

5.
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Good morphological and funetional re-establishment of a new
dento-gingival Junction was observed.

The epithelium lining the inner surface of the pocket attached
itself to the tooth surface 1n most experiments. This attach-
ment was observed in the earliest stages of the healing proces
A new formation and attachment of connective tissue elements
was also observed early in the healing process but organized
slowly.

An attachment of epithelium and connective tissue to the sure
face of the tooth in & coronal position could be seen in the
early atages of healing. In the later stages these attach-

ments assumed a more aplical position.




CHAPTER VI
BUMMARY AND CONCLUSIORNS

This investigation represents & histologlic and clinical
evaluation of the healing mechanism which occurred following the
sufgioal creation of periodontal pockets.

Ten young adult mongrel dogs with full permanent denti-
tion served &8 subject materisl. The pockets, ten millameters in
depth, were produced by surgiecal flap operations on the maxillary
canines. Notches were made In the crown and root of the tooth to
serve as reference points. The animals were sacrificed at the
following time intervels: 23, 41, 51, 59, 76, 158, 160, 308,
and 331 days.

Tﬁe following were the ma jor results obtained:

The regeneration of the dento-gingival junction after the pro-
duction of a 10 mm. artificlially produced pericdontal pocket 1is
complets and consists of:

1. New attachment of connective tisaue averaging 1.50 mA.

2. New attachment of eplthelium aversacing 1.75 mm.

These attachments occur at a point in the apical third
of the distance between the two notches in the tooth. The depth
of the remaining pocket however, diminishaé but this 1s due to
atrophy of the soft tissue flap. After the initiel atrophy the

30
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depth of the pocket is more or less constant for the rest of the
axperiment. Microscopically no progressive coronal shift of the
cénneccive tissue and eplthelial attachment ever occurred. These
microscoplc findinge indicate, therefore, that healing of the
dento-gingival Jjunction is complete and functionally acceptable
after surgery but without a total regeneration of the original

mcrphology.
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CHAPTER VIII

TABULATION
A. CLINICAL MEASUREMENTS OF THE MAXILLARY CANINE TOOTH

Distance from the Coronel Noteh to the Rottom of the Pocket (Att.)
and from the Coronal Notch to the Ginglvel Margin (G.M.)

36 days (Dog #58)

Operation: December 15, 1858 Sacorificed: January 19, 1956

Before Surgery After Surgery At Time of Ssacrifice

Att. G.M. . Att. G.M. Att. G.M.
Left Canine 4 1 10 2 g 6
Right Canine 4 1l 8 2 o 6

Left canine - 4 mm. atrophy plus 1 mm. new attachment

Right canine - 4 mm. atrophy plus no new attachment

41 davys (Do 11B
Operation: March 1, 1957 Sacrificed: April 10, 1957

Before Surgery After Surgery At Time of Sacrifice

Att. G.M. Att. G.M. Att. G.M,
Left Canine 3 2 10 2 8 2
Right Canine 3 2 10 2 8 e

Left canine ~ No atrophy plus 2 mm. new attachment

Right canine - No atrophy plus 2 mm. new attachment
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CLINICAL MEASUREMENTS OF THE MAXILLARY CANINE TOOTH (Continued)

51 days (Dog #49A)

Operation: March 19, 1958 Sacrificed: May B, 1956

Before Surgery After Surpgery At Time of Sacorifice

Att. G.M. Att. G.b. Att. G.M.
Left Canine 4 2 10 2 7 4
Right Canine 4 2 10 2 6 2

Left canine -~ 2 mm. atrophy plus 3 mm. new attachment

Right canine -~ No atrqphy plus 4 mm. new attachment

59 days (Dog #50)

Operation: December 14, 1855 3acrificed: Pebruary 14, 1256

Before Surgery After Surgery At Time of Sacrifice

Att., G.M, Att. G.M. Att. G.M.
Left Canine 5 2 13 3 (Pack) 4
Right Canine 6 2 14 2 (Pack) 4

Left canine -~ 1 mm. atrophy

Right canine - 2 mm. atrophy
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CLINICAL MEASUREMENTS OF THE MAXILLARY CANINE TOOTH (Continued)

76 _days (Dog #35B
Operation: February 1, 1856 Sacrificed: May 16, 1958

Before Surpgery After Surgery At Time of Sacrifics

Att. G.M. Att. G.M. Att, G.M,
Left Canine 4 2 13 2 11 5
Right Canine 4 2 11 2 7 5

Left canine ~ 3 mm. atrophy plus 2 mm. new attachment

Right canine - 3 mm. atrophy plus 4 mm., new attachment

188 days (Dog #44)
Operation: November 2, 1958 Sacrificed: April 10, 1957

Bafore Surgery After Surgarz At Time of Sacrifice

Att. G.M. Att. G.M, Att. G.M.
Left Canine 4 S 14 3 12 8
Right Canine 4 3 10 3 10 6

Left canine - § mm. atrophy plus 2 mm. atrophy

Right canine -~ & mm. atrophy plus no new atrophy
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CLINICAL MEASUREMENTS OF THE MAXILLARY CANINE TOOTH (Continued)

160 days (DOg #354 )

Operation: January 18,'1956 Sacrificed: June 25, 1956

Before Surgery After Surgery At Time of Sacrifice

Att. G.M. Att., G.M. Att., Gl.i.
Left Canrine 5 2 11 3 8 3
Right Canine 4 2 12 2 9 4

Left canine - Ho atrophy plus 3 mm. new attachment

Right canine ~ 2 mm. atrophy plus 3 mm. new attachment

308 days (Dog #36)

Operation: June 27, 19566 Sacrificed: April 10, 18567
Before Surgery After Surgery At Time of Sacrifice

Att. G.M. Att. G.M, Att. G.M,
Left Canine 5 2 14 4 11 7
Right Canine 5 2 14 4 11 4

Left canine - 3 mm. atrophy plus 3 mm. new attachment

Right canine -~ No atrophy plus 3 mm. new attachment
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CLINICAL MEASUREMENTS OF THE MAXILLARY CANINE TOOTH (Continued)

331 days (Dog #11A)
Operation: December 7, 1955 Sacrificed: HNovember 2, 1958

Before Surgery After Surgery At Time of Sacrifice

Att. ‘ G.M. Attt G’oMa Atto ﬁuM-
L.aft Canine 3 1l 11 2 9 4
Right Canine 3 1 10 2 7 4

Left canine - 2 mm. atrophy plus 2 mm. new attachment

Right canine - 2 mm. atrophy plus 3 mm. new attachment
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Table 1. Measurements of landmarks illustrated in

Plate XV, Pig. 26

38 days (Dog #53) Left Canine

1 2 3 4 6
9.75 9.75 10.00 10.25 9.75
4.25 4.25 4.75 4.78 4.25

.75 +78 25 +25 78

3.50 3.50 4.50 4.50 3.50

5.850 5.50 5.25 5.50 5.50
25 25

3.00 3.00 2.75 2.7%5 3.00

36 days (Dog #55) Right Canine (No

7
10.25
4.75
«25

4.50
5.50

+25
2.75

8.75
4.25
75

3.80
5.50

2,75

Aplcal Notch)

2 3 4 5 6 7 8

2.00 .50
2.85 3.28
+78 50

«75 1.25 .75 1.25 1.00 1.80
1.25 .80 1.00 .50 1.75 .BO 2.75
6.25 6.25 6.25 6.25 6.50 6.25 6.35
| 75 1.50
2.75 2,75 2.75 2,75 2.75 2.75 2.78

9
9.75
3.25

10

78

11

75

3.25 1.75 1.50

1.50 6.50 6.50

1.50

2.75 2.75 2.75

40

MICROSCOPIC MEASUREMENTSE OF THE MAXILLARY CANINE TOOTH

Av.
10.00
4.50
«50

4,00
5.50

2,75

Av.

1.50
6.25

2.75
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MICROSCOPIC MEASUREMENTS OF THE MAXILLARY CANINE TOOTH
Table I (Continued)

41 days (Dog #11E) Left Canine (No Apical Notch)

1 3 4 5 6 7 8 9 10 Av.
A
B
pl
B2 .50 .25 .25 50 75 W75 .75 .50

B 5.25 6.25 6.00 6.00 6.00 5.50 5.50 5.50 5.50 5.75
1.50 1.850 11.80 1.50 1.560 1.50 1.76 1.76 1.50 1.50

D
41 days (Dog #11B) Right Canine
e 3 4 5 ] 7 8 9 10 Av.
A
B
pl

32 - 1.60 1.25 1.50 1.50 1.50 1.25 1.00 1.50 1.80 1.50
B® 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
¢ 2.256 2.25 2.8 2.50 2.25 2.25 2.25 2.2 2.256 2.25
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MICROBCOPIC MEASUREMENTS OF THE MAXILLARY CANINE TOOTH
Table I (Continued)

51 days (Dog #49A) Left Canine

1 2 4 5 6 7 8 9 10 Av.
A 10.75 10.50 10.75 10.50 10.75 10.75 10.75 10.75 10.75 10.75
B  6.25 6.25 6.25 6.00 6.25 6.25 6.25 6.25 6.25 6.25
Bl  2.00 2.00 2.00 2.00 2.00 2.00 2.00 1.75 2.00 2.00
B2 1.75 1.75 1.75 1.75 1.75 1.75 1.75 1.75 1.756 1.75
B> 2.50 2.50 2.25 2.00 2.25 2.50 2.50 2.75 2.50 2.50
C  4.50 4.25 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50
D .60 .75 1.00 1.50 1.50 1.00 .25 .50 .25 .75
E 2.50 2.50 1.75 2.50 2.50 1.50 1.25 1.50 1.25 2.00

51 days (Dog #49A) Right Canine

1l 2 3 4 6 7 8 9 10 Av.
A 10.00 10.00 10.00 10.256 9.75 9.50 10.00 10.00 10.00 10.00
B 7.75 7.75 T.75 B8.00 7.75 7.50 7.75 7.75 7.75 7.75
B! 2.75 2.75 3.00 3.00 2.75 2.75 3.00 2.75 2.75 2.75
B2 1.50 1.50 1.85 1.0 1.50 1.50 1.50 1.50 1.50 1.50
B> 3.50 3.50 3.50 3.50 3.50 3.25 3.25 3.50 3.50 3,50
C 2,25 2.256 2.256 2.25 2.00 2.00 2.25 2.25 2,25 2.25
D «75 .78 .75 .75 75 .75 75 .75 o 75 75
E 1.06 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00




A
B
B
B
B
c

MICROSCOPIC MEASUREMENTS OF THE MAXILLARY CANINE TOOTH
Table I (Continued)

59 days (Dog §#60) Left Canine (Pack Still in Place)

1 3 4 5 6 7 Av.,
A 12.50 12.75 13.00 13.00 12.50 12.75 12.75

B 8.00 8.2 8.75 8.75 8,00 8.2 3.28
pl
B2
BS
c 4.50 4.50 4.26 4.25 4.50 4.50 4.50
D 2.00 2.00 2.26 2.856 1l.78 2.00 2.00
B .50 .50 «25 «25 «00 «50 25

59 days (Dog #850) Right Canine (Pack Still in Place)

43

1 2 3 8 6 7 8 9 Av.

13.50 14.50 13.50 13.75 13.75 15.25 13.75 13.50 14.00

10.00 10.25 10,00 9.50 9.850 10.00 9.75 8.25 9,75

1

2.25 2,25 2.00 2,85 2.26 2,00 2.00 2.00 2.25

2 B W75 JT5 W78 W75 W75 W75 W78 W75

5 7.00 7.25 7.25 6.50 6.50 7.25 7.00 6.50 7.00

3.50 4.25 3.50 4.25 4.25 5.25 4.00 4.25 4.25
28 25 «25 +25 «25 .00 25 «850 25




44

MICROSCOPIC MEASUREMENTS OF THE MAXILLARY CANINE TOOTH
Table I (Continued)

78 days (Dog #35B) Left Cenine

1 2 3 4 6 & 8 9 10 11 Av
A 13.25 13.25 13.25 13.25 13.25 13.25 13.25 13.00 13.25 13.25 13.2§

B 8.75 8.75 8.786 8.75 8.75 8.75 8.75 8.50 8.75 8.75 8.7
Bl 1.25 1.25 1.26 1.25 1.25 1.256 1.256 1.25 1.25 1.25 1.2§
B2
B3 7.50 7.50 7.50 7.50 7.50 7.850 7.50 7.50 7.50 7.50 7.5C
C 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.5(¢
D .25 «25 .25 «25 +25 .30 «50 «50 «50 +50 « 54
E

76_days (Dog #35B) Right Canine
1 2 3 4 6 7 8 9 Ave.

A 10.75 10.75 10.75 11.00 11.00 11.00 11.00 11.00 11.00
B 6.50 6.50 6.50 6.50 6.50 6.50 6.50 6.50 6.50
Bl 1,75 1.75 1.75 1.758 1.76 1.75 1.75 1,75 1.75
B2 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
B3 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75

4.25 4.25 4.25 4.50 4.50 4.50 4.50 4.50 4.50
D .25 .25 .25 .28 .25 .25 .25 .25 .25
E 1.50 1.50 1.50 1.50 .75 1.50 1.50 1.50 1.80




MICROSCOPIC MEASUREMENTS OF THE MAXILLARY CANINE TOOTH

Table I (Continued)

10,78 1
7.00
1.80
3.75
1.76
3.75

«50

158 days (Dog #35A) Left Canine

2
0.76 1
7.00
1.25
3.50
2.25
3.75

«80

3 4 5 6
0.78 11.00 11.00 12.50 1
7.00 7.26 7.00 9.75
1.50 1.28 1.50 1.25
4,00 3.78 4.00 1.00
1.50 2.50 1.50 7.50
3.75 3.75 4.00 2.75

»50 «50 +50 .00

188 days (Dog #35A) Right Canine

11.00
8.50
1.50
1.25
3.75
4.50

«50

2
10.76
8.25
1.25
1.25
3.75
4.50
25

3 4

11.00 11.25
6.50 8,76
1.50 1.28
1.26 1.25
3.75  4.25
4,50 4.50
»50 .50

5
11.00
6.50
1.50
1.25
3.75
4,50
«25

6
10.78
6.25
1.25
1.25
3.78
4.50
<50

7
1.00 1
7.50
1.00

45

Av.
1.25
7.80
1.25

2.00 3.25

4.50
3.50
75

Av.
11.00
6.50
1.50
1.28
3.78
4.50
50

3.00
3.75
+50
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MICROSCOPIC MEASUREMENTS OF THE HAXILLARY CANIRE TOOTH
Table I (Continued)

160 days (Dog #44) Left Canine
1 2 3 4 5 6 7 8 Av.

A 13.00 13.00 12.75 13.00 12.75 13.25 13.25 12.75 13.00
B 4.50 4.25 4.50 4.50 4.25 4.50 4.50 4.25 4.50
BY 1.00 1.00 1.50 1.50 1.28 1.50 1.50 1.75 1.50

B® 3.50 3.25 3.00 3.00 3.00 35.00 3.00 2.50 3.00
C  8.50 B8.75 8.50 B8.50 B.50 8.50 8.50 8.50 B8.50

160 days (Dog #44) Right Canine

1 2 3 4 5 6 7 Av.
A 11.25 11.25 10.75 10.75 10.76 13.00 11.00 11.25
B 5.50 4.50 3.75 3.75 3.76 4,00 5.50 4.50
B! .25 .25 .50 .50 .50 .50 .25 .50

B3 5.28 4,26 3.25 3.5 3.25 3.50 5.26 4.00
. C 5.7 8.75 7.00 7.00 7.00 ©.00 5.80 8.75
D .50 «50 75 «75 .75 .75 +50 75




MICROSCOPIC MEASUREMERTS OF THE MAXILLARY CANINE TOOTH
Table I (Continued)

308 days (Dog #38) Left Canine
1 2 3 4 ] 6 7 8 9

13.50 13,50 12,75 13.25 13.25 13.50 13.25 13.256 12.50
7.00 7.00 6,75 €6.75 7.00 6.75 7.00 7.00 8.75
1.26 1.25% 1,26 1.25 1.50 1.25 2.00 2.25 1.885
2,50 2.50 1,76 2.00 2.7 2.25 2.00 2.00 2.00
3,28 3.25 4,00 3,80 2.75 3.25 3,00 2.75 3.50
6.50 6.50 6,00 6.50 6,25 B.75 6.25 6.25 5.75
1.00 1.00 »25 1,00 +50 00 1.00 «25 o825

308 days (Dog #36) Right Canine
1 2 3 4 5 6 - 7 8

A 14,00 13.75 13.75 14.50 14.75 15.00 13.75 14.50 14
B 10.25 10.25 10.25 11.50 11.75 12.00 10.75 11.25 11
B' 1.50 1.50 1.25 2.00 2.00 2.00 1.50 1.50 1
B2  2.75 2.75 2.75 2.75 2.75 2.75 2.50 2.75 2
B° 6.00 6.00 6.26 6.75 7.00 7.25 6.75 7.00 6
C  3.75 3.50 3.50 3.00 3.00 3.00 3.00 3.25 3
D .25 .25

E
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Av,
13.25
7.00
1.80
2.25
3.25
6.25
«50

Av.
.25
.00
75
75
.75
.25




MICROSCOPIC MEASUREMENTS OF THE MAXILLARY CANINE TCOTH
Thble I (Continued)

331 days (Dog #11A) Left Canine

1 2 3 4 Av.

A 10.26  10.00  10.00  10.00  10.00
B 7.00 6.75 6.75 6.75 6.75
pl 78 .75 .78 75 .75
B2 1.75 1.75 1.75 1.75 1.75
B® 4.50 4.25 4.25 4.25 4.25
3.25 3.25 3.25 3.25 3.25

1.26 1.25 1.25 1.25 1.25

331 days (Domz #11A) Right Canine

1 2 3 4 5 Av.
A 10.26  10.00 10.00 10.00  ©.75 10.00
B 8.00  7.75  8.00  7.75  7.00  7.75
B! 2,00 2.00 2.00 2.00 2.00 2.00
B2 2.25 2.25 2.25 2.25  2.50 2.25
Bd 3.75  3.50  3.75  3.50  2.50  3.50

2.28 2.25 2.00 2.25 2.25 2.25
D 1.00 1.00 1.00 75 - 7B 1.00
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B. MICROSCOPIC MEASUREMENTS OF THE MAXILLARY CANINE TOOTH

Time

of
Healing

following healing

Original
Interval Pocket Depth
(After sur-
gery in mm.)

Attachment
(in mm.)

Fibrous Epithelisal

Atrophy

Table 2. Diatribution of the original pocket depth

Remaining
(in mm.) Pocket Depth
(in mm.)

38 days

Left
Canine

Right
Canine

«50

3.50

4.25

4.00

1.580

41 days

Left
Canline

Right
Canine

«50

1.50

5.75

5.00

51 days

Left
Canine

Right
Canine

8.75

8.00

2.50

«25

2.50

3.50
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MICROSCOPIC MEASUREMENTS OF THE MAXILLARY CANIKE TOOTH
Table 2 (Continued)

Time Original Attachment Atrophy Remaining
Interval Pocket Depth (in mm.) (in mm.) Pocket Depth
of (After sur- Fibrous fpithelial (in mm.)

Healing  gery in mm,) .

59 days

Left
Canine 2.75 1.50

Right
Canine 12.00 2.25 .75 2.25 7.00

76 days

Left
Canine 11.26 1.25 - 2.50 7 .50

Right

1568 days

Left
Canine 8.00 1.258 3.25 .78 3.00

Right
Canine 9.00 1.50 1.25 2.50 3.75




Tatle 2 (Continued)

FREWEF EAe)

51

KTS OF THE MAXILLARY CANINE TOOTH

Time Original Attachment Atrophy Remaining
Interval Pocket Depth (in mm.) (in mm.) Pocket Depth
of (After sur- Flbrous Eplthelial (in mm.)
Healing gery in mm.)
160 days
Left
Canine 10.00 1.50 5.50 3.00
Right
Caﬂlna 8025 ) «50 3.75 4.00
308 days
Left
Canine 0.258 1.50 2.28 2,256 3.25
Right
Canine 10.85 1.75 2.75 6.75
331 days
Left
Canine 8.00 75 1.75 1.85 4.25
Right
Canine 8.00 2.00 2.85 025 5.50




Flgure 1:

PLATE I

Clinical photograph of left maxillary canine with

surgical flap retracted.

Section of alveolar bone

removed. Coronal and aplcal notches are ssen.




CHAPTER IX

APPERDIX

A. Photomicrographs
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Pigure 2:
3¢
4:
83
&8s

PLATE Il

36 day specimen

51 day speclmen

76 day specimen

168 day specimen

331 day specimen
Composite photomicrograph showing the relationship
of soft tissues to the tooth at various time 1lnter-

vals. (X10)
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PLATE II

2

Pilgure




o PLATE III

Pigure 7:
Photomicrograph of 36 day specimen - rigﬁt maxillary
canine (X107)
Note:
a) numercus fibroblasts

b) numerous patent capillarles




PLATE III
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Pigure 7
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PLATE IV

Figure 8:
Photomicrograph of 36 day specimen - left maxillary
canine (X107)
Note:
a) highly cellular granulation tissue

b) particles of dentin surrounded by osteoid tissue
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PLATE IV
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PLATE V

Figure 9
Photomicrograph of 36 day specimen ~ left maxillary
canine (X107)
Note:
a) interrupted resorption on tooth surface by
osteoclaats

b) presence of immature trabecular bone




58




‘Figure 10:

PLATE VI

Photomlerograph of 38 day specimen - left maxillary
canine (X42)
Note:

&) large smount of immature trabecular bone added

to alveoclar crest

b) dentin particles surrounded by osteoid tissue

¢) highly cellular granulation tissue

d) fragments of pack adjacent to and in granulation

tissue
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PLATE VI

Figure 10




PLATE VII

Plgure 11:
Photomlicrograph of 81 day specimen ~ left maxillary

canine (X107)

Note:

a) immaeture cellular bone spicules extending
coronally beyond the aplcal notch
b) resorption of tooth surface snd lined by new

camentum

¢) connective tissue attachment




PLATE VII

Pilgure 11
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PLATE VIII

Photomlicerograph of 76 day specimen ~ right maxillary
canine (X107)
Note:
&) Interrunted resorotion on tooth surface
corcenally to apical notch
b) continuous resorptlon in notch
¢) connective tissue attachment and inflammation

d) epithelial attschment




PLATE VIII

¥
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Pigure 12
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PLATE IX

Flgure 133
Paotomicrograph of 158 day specimen ~ left maxlillary
cunine (X42)
Note:
a) thick layer of cellular cementum in apical noteh
with cementel splke
b) island of camentum>(poasibly bone) in apical
notcn
¢) hair embedded 1ln connective tissue

d) preaence of epithelial attachment




PLATE IX

Figure 13

80




7

Mipurs 140
Photomicrogreph of 331 day spescimen - right maxiilary
cenine (X107)
Note:
&) epithellal attachment
b) resorption of dentin and thick cellular cementum
in the aplcal notch
¢) projection of alveolar crest bone into the apleal
noteh
d) presence of inflammation in connective tissue

in apical notch
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PLATE X

Figure 14




PLATE XI

Figure 15:

Graph {llustrating repair of new connective tissue

attachment




B. Graphs

NEW ATTACHMENT (mm.)

6e

PLATE XI

o / L
3GJ4I|5'| 5|9 TIS |55|60 g 3j08 3'3|
TIME INTERVAL OF HEALING IN DAYS

o =designates epithelial attachment

Plgure 18




flgure 16:

PLATE XI

Graph 1llustrating repalr cf new epithelial attacament




NEW ATTACHMENT (mm.)

H

(&)

N

o

83

PLATE XII
°
; ° L .
° .
[}
/ ¢
LI | Al r/ ml T
36 415159 76 159 160 308 331

TIME INTERVAL OF HEALING IN DAYS

o -designates connective tissue attachment

Figure 16




Flgure 17:
18:

PLATE XIXI

~

Incompletely erupted
Distance between the Lone crest and cemento-enamel

Junetion immediately after surgery

A slight labisl movement of tooth

Upward eruption with adiition of new bone at the-

crest apical to the notch

Diagrammatic 1llustration explaining presence of new
immaturs trabecular bone apical to the notch in the

root of the tooth {(illustrated on lower tooth)




¢, Disgrammatic Illustrations

rr: ‘

| Pigure

e

2mm.

-

7

Tmm.

I

PLATE XIII

—

)

_

20
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Flgures:

PLATE XIV

21(a), 22(B), 23(Cc), 24(D), 25(E)

Diagrammatic illustration explaining hypothesis
advanced by Linghorne and O'Connell (1955) showing
raduction of pocket by coronal movement of epitheliel

attachnent ahead of connective tissue attachment




PLATE XIV

proliferating

osteogenic
epithelial p cells
attachment.

old

Pigure 21(A) 22(R)

25(¢) 24(D)

25(E)
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Flgure 26:
Diagrammatice i1llustretion -~ Key to wmicroscoplic measure-
ments in present study
A - Total distance betwsen coronal and aplcal notches
B - Total distance between apical notch and ginglval margin
El- Amount of new connectlve tissue attachment
Bz- Amount of new épithellal attachment
BS. Depth of remaining pvocket
C -~ Amount of atrophy
D - Distance between alvaolaf margin and aplecal noten
E « Amount of new bone added to alveolar crest
Insert:

A = Notch in the root of the tooth (aplcal notch)

B « Notch in the crown of the tooth (coronal notch)




PLATE XV

Filgure 26
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