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New attachment therapy is that which regenerates a more coronal attachment
of the periodontal tissues to tooth, after the natural attschment has been
destroyed by trauma or disease-- most often the chronic inflammatory periodontal
disease, periodontitis. This is distinguished herein from reattachment, or

healing by scar,!

subsequent to surgical detachment. The terms new attachment
and reattachment have been used interchangeably by some, and with specific
intent by others. "True reattachment" of new cementum, periodontal ligament,
and alveolar bone has been distinguished from "soft tissue reattachment" of
epithelium and connective tissue coronal to the bony crest,? for instance.

In many cases no goal of new attachment or reattachment has been stated
prospectively, at all; and various surgical procedures have developed empirically,
based on subjective observations from clinical practice and conceptual

4 There is a lack of a generally accepted

speculations about pocket elimination.
philosophy and no agreement on a goal.“ Rather than debate the merits of
various 'mamed" surgical procedures it appears time to examine the potential
of periodontal tissues, considering the biological processes which bring about
healing, and the application of knowledge to clinical benefit.”

Following his review of the world literature on periodontal therapy, ©
Ratcliff! proposed an analysis of repair systems in periodontal therapy.
Ratcliff! stated, '"There are four basic forms of periodontal therapy used for
elimination of pockets. These are: (1) shrinkage, (2) excision, (3) healing
by scar, and (4) new attachment.'" These were, essentially, accepting the
existing dentogingival junction, or cutting it away and growing a new one.
Shrinkage was considered the elimination of the edema developed as a part of
the inflammatory reaction to irritants, and with a constant position of the
epithelial attachment, shrinkage after hygienic procedures would reduce the
pocket depth. Excision, such as gingivectomy, and healing by scar, such as
with apically repositioned flaps, produce little to no regererationof a new
attachment. For purposes of analysis of new attachment, the tooth side of the
periodontal lesion (Figure 1) was considered to have four zones. After the
dissection and removal of the pocket lining (Figure 2), the contributions of
the zones to new attachment were discussed.! Acknowledging Ratcliff's
contribution! to our understanding, this review will consider other's points of
view and later research findings in different zones on the tooth side and the

periodontal tissues side, and their applications to new attachment therapy.

o




THE TOOTH SIDE

SUBGINGIVAL PLAQUE

There is little doubt that the removal of bacterial plaque is essential
for the successful healing of a new dentogingival junction. The level of
attachment is generally parallel to and congruent with the apical extent of

bacterial plaque on the root surface.’

The distances from the advancing

"front" of the plaque to the nearest periodontal fibers on extracted teeth

were measured and found to be 0.3 to 1.5 mm near the cementoenamel junction

but only 0.2 to 1.0 mm nearer the apices.®*? In many cases after new attachment
procedures, plaque is inadvertently left on the roots of teeth despite attempts
at meticulous instrumentation with overlapping strokes. The removal of plaque
is especially difficult 1if it is hidden in resorption bays in the cementum,g’10
at the depth of the pocket, and in the furca.? After meticulous instrumentation
of the roots and flushing with ster.le saline, bacteria are dispersed on the
tooth and soft tissue sides of the pocket, and it may be necessary to use a
chemical disinfectant.!!

Antimicrobial Chemicals

Pockets have been instilled, after scaling, with emetin,12 "hydrogen ammonium
13

! "pyrozone" and "hydronaphthol",!“ acriflavin, metaphen,

fluoride," iodine,
weak iodine -or hypertonic salt solution,!® Dakin's solut;i(m,l6 Dunlop oxygean
18

and zinc chloride sclution dispersed with electrodes, but without experimental

evidence of effectiveness. These treatments were considered to be passing "fads"

and not as important as basic scaling, curettage, and oral hygiene.lq More

recently, penicillin has been advocated, because infection was considered the

n

enemy of reinsertion of connective tissue fibers in new cementum.- The users

of strong salt solutions?152? and local delivery of tetracycline by hollow fiher
devices?2+2% have claimed a marked reduction of spirochetes and ¢linfcal
improvement. There 1is no support in the literature that local in tasche
antimicrobial agents will effect, or assist in, healing by new attachment.

CALCULUS

v h=27

There is unanimous agreement that calculus must bhe removed. Despite

the report that junctional epithelium may present a normal attachment to

disinfected calculus,28 sterilized calculus retains irritants.?? Inadequate

removal of calculus will reactivate periodontal disease even with good




supragingival plaque control.”’»>9:1% The removal of calculus is difficult

due to its location, hardness, and modes of attachment which may be by cuticles,
surface irregularities, penetration of bacteria, undercuts in resorption bays,30‘32
or penetration between separations of cementum.33 Root planing enhances the

chances of the complete removal of calculus,3“ but smooth planed roots may still

37

have deposits.35- The bacterial flora in a pocket are reduced after subgingival

calculus removal;2*>38,39 and good practice would seem to dictate the removal of

b, L0

calculus, even if a surgical approach was required for access. Past attempts

to use acid in pockets to dissolve calculus“! were thought adverse because
experience showed that it made healing slow.“?

ZONE OF ENAMEL

Since Ratcliff's analysis,! research has shown that epithelium not only
readapts to enamel after detachment ,*3 but that it reforms an attachment which
seems identical to that before treatment.""“>“> The requirements for epithelial

attachment to enamel are most likely the absence of accumulated bacteria and

43

their toxins, and regenerating junctional epithelium--not oral sulcular or

pocket epithelium.“® The early strength of the new dentogingival junction in

resistance to rupture forces appears to be related to regeneration of epithelial

attachment to enamel.“’

Connective tissue new attachment to enamel has not been reported, but a

cementum is found over cervical cnamel“® which Listgarten”? has termed afibrillar
g

50

cementum. Epithelial reattachment can occur to afibrillar cementum, and there

is one single instance reported of a short connective tissue attachment to

cementum on cervical enamel.®!

Enamel projections protrude into furcation areas of multi-rooted teeth.52-58

Some investigators have found a relationship of enamel projections to pockets;“?'53
and it has been recommended that enamel projections be ground away in order to
provide opportunity for connective tissue new attachment,>? even though histology
shows they may be covered with cementum, 5360

ZONE OF PATHOLOGICALLY EXPOSED ROOT SURFACE

The Cementum Matrix

The cementum which can become involved in new attachment therapy may be of
the acellular, cellular, or intermediate type, depending on the depth of the

logs of attachment and the amount of previous instrumentation. Most often, the




acellular cementum in the cervical area is exposed. Even the dentin could

be exposed. The cementum has matrix fibers that parallel the root surface®!,®?
and finer fibrils in irregular arrangement62a63 with the crossbanding of
collagen. The matrix is mineralized and presents alternating dark and light
bands on microradiography. The lines are thicker and more irregular in
cellular than in acellular -ementum.®?,®% The mineral crystals parallel the
collagen fibers,®? and mask the collagen matrix.®> Principal fibers of the
periodontal ligament penetrate the cementum at right angles to the surface

and their cores are unmineralized.®? 1In cellular cementum these Sharpey's
fibers are not as densely packed as in acellular cementum.®? Channels of
cementocyte lacunae and their canaliculi are found in cellular cementum.®?
Intermediate cementum, found near the dentin surface, starts about one~third
down the root and has a '"collagen hiatus" thought to be protoplasmic inclusions
of cells.®%>87 Between the Sharpey's fibers on the surface are found cell
processes, finely granular material, and a three to five micron wide zone of
collagen fibers and fine size mineral crystals, the precementum. 2,68 Repair
of cementum may be by acellular or cellular new cementum.%8,00,61 pentin
intertubular matrix has an irregular arrangeme.t of collagen fibers which are
masked by mineral. The dentinal tubules are surrounded by a mineralized
peritubular matrix which has no collagen fibers.®9

Changes in the Matrix

The amino acid composition of the organic matrix of human cementum is that
of collagen’0-72 with the al{I),a2 composition typical of cther Type 1
collagens which normally calcify.’? No statistically significant differences
in collagen composition ovcur in cementum which is pathologically exposed,
except that if affected by dental caries there is loss of the hvdroxyproline,
nroline and glycine typically found in collagen and a gain of amino acids thought
to be of bacterial origin.’? The bacterial cell-wall material, alpha, epsilon-

"} The amino acid composition

d‘7’-0

ciamineopimelic acid is found in carious cementum.
of the outer dentin of periodontally diseased teeth may be altere
Changes in the Mineral

The mineral content of normal cementum changes only slightly from cervical
to midroot or apical areas,’”*’® but the surface of exposed cementum is

»/7=E3 This hypermineralized

TELHD

hypermineralized as revealed by microradiography.32

zone is usually about 10 microns wide, but is sometimes up to 50 microns deep.




Electron micrographs show crystals on exposed surfaces that are disarranged,

larger, or denser.81,82,8%,85 The denser surface was found to stop at the

81

beginning of the epithelial attachment. When specimens are demineralized,

the surface zone often does not present collagen crossbanding in the cementum

81-83,85 Analyses of diseased root surfaces show significant increases

78,83, 86 78,83,86 83,86,87

matrix.

magnesium, /8,86 phosphorus, fluoride,

87

of calcium,

88

copper and zinc, and decreased citrate.

The research indicates a remineralization of the surface of cementum by
plaque, once the junctional epithelium separates from the tooth. Scaled exposed

root surfaces, whether of cementum or dentin, begin to show microradiopacity

a1

by four weeks and it is frequently found at eight weeks. Both the serum in

the inflammatory exudate and the saliva could be sources of this mineralization.®2

90 suggested that if the fluoride were available for release, it may

Armitage
act as an inhibitor to adjacent cells, but that it is likely that fluoride is
bound in ne crystals. Ratcliff! speculated that the hypermineralization made
exposed cementum much like enamel, and so was a deterrent to connective tissue
new attachment. It is possible for junctional epithelium to attach to
hypermineralized root surface.?!

Changes in the Physical State

Removal of the diseased root surface by root planing to produce a hard,
smooth surface and to eliminate the necrotic surface layers of cementum has been
universally recommended. The microhardness of cementum determined by diamond
scratches has been scored 85 to 90, compared to 145 to 165 for dentin and
1600 to 1750 for enamel surface,”’ but there has been found no statistical

difference in the hardness of exposed and uncxposed cementum in periodontally-

dizeased teeth,?379%

The thickness of cervical cementum has been reported to be as little as

48 96

10 microns to 16 microns. Cementum normally increases in thickness with

L #
v

age %7 but periodontally-diseased teeth do not show the same amount of

apposition as normal teeth.?%,99

The microtopography of normal cementum is finely serrated as mineral

62

crystals project at the insertions of collagen fibrils. Numerous small,

knobby projections are seen as remnants of Sharpey's fiber insertions on the

surfaces of extracted teeth.!%0-105 Rreoot surfaces exposed by periodontal

106

disease were found significantly rougher than healthy areas. The roots of

diseased teeth have more resorptions than the healthy, but these defects are

e




primarily in the apical area.!%7 At the cementoenamel junction there may be

a gap in the cementum 5 to 10% of the time.®5

Studies with the diffusion of dyes and radioactive materials indicate
that there is a "circulation" of tissue fluids into cementum, but that it
may decrease in the cervical cementum in older teeth and in periodontally
involved human teeth.!087115 Thys "yitality'" remains a question of definition,
and the same fluid exchange which might contribute to healing might also allow

the penetration of bacterial toxins.

Histologic Changes

The cementum and sometimes the surface dentin in pathologically exposed
roots of teeth fixed in formalin, decalcified, and cut on a cryostat, present
fine granules and clumps of granules which are refractile and colored varying
shades of brown when viewed by transmitted light, are white with incident

light, and irreversibly cleared in alcohol.!l6 They are not seen in ground

117

sections, except after decalcification. On electron micrographs they

appear as vacuole-like formations, singly or in clusters.118

119

These granules
may be related to the amount of calculus or in some fashion to bacteria,
for pulpless teeth with open, infected chambers present granules in cementum
which was still attached to bone by the periodontal ligament.lzo Human teeth
removed because of unmanageable periodontosis-like bone destruction have none,

or very limited distribution, of these granules.121

Bacteria can penetrate into cementum in root caries lesions!?? and surfaces
exposed to plaque.123 Even without bacterial invasion there is thought to be
an inhibitory factor in diseased roots, the quantity of which inhibitor may be
related to destructive effects and the resistance to destruction, and thus to

124

susceptibility to periodontal disease. Some such inhibitory factor could

also prevent successful new attachment therapy.

Adsorption of Toxins

For many vears it has been known that very toxic materials were to be

found in periodontal pockets, 1?5 and these may adsorb to diseased roots.

127,126

Bacterial cell wall muramic acid!?" and other antigens are adsorbed on

diseased root surfaces. Periodontally affected human roots leach out a material
toxic to epithelial cells in culture.!?? A phenol-extracted material from

cementum of diseased roots was found toxic for tibroblasts in culture.!30

Aleo, et al.,!?! demonstrated a reduced fibroblast adherence to periodontally




diseased root surfaces. Blocks of human diseased roots inhibit osteogenesis

in an animal mode1,132’133 and stimulate inflammation when implanted in human
submucosal pouches.13“ Phenol36,130,135,136 359 3¢0id!36 extracts of diseased

root surface shavings have demonstrated the presence of bacterial lipopolysaccharide
endotoxins.

Detoxification

Phenol extraction can increase the adherence of fibroblasts in vitro to

131 36 135

diseased root surfaces. Hand scaling and ultrasonic instrumentation

can markedly reduce the amount of extractable endotoxin from disecased tooth
surfaces, while root planing can reduce the endotoxin to the level of healthy

131

teeth?®+135 and restore fibroblast adherence in vitro. Root planed blocks

of diseased human roots seem to generate somewhat less inflammation than scaled
blocks, when observed as submucosal implants.13“

The depth of endotoxin absorption in diseased roots and the concentration
level compatible with new attachment are not known. It may be possible to

extract toxic bacterial materials with buffers of some ionic strengthl37

or
low pH-salt buffers!?7>128 yhich are kinder to tissues than phenol and strong
acids. Buffers and salts could be used after scaling, and thereby avoid deep
and invasive root planing. Extracted human teeth with diseased roots treated
with phosphate-buffered physiologic saline after scaling were used as controls
for a series of experiments with biological agents, selected from a number of

138

chemicals capable of dissociating or degrading endotoxins. Sodium deoxycholate

followed by human plasma fraction Cohn IV; produced a statistically significant

138 There remains much work to be

increase in adherent fibroblasts, in vitro.
done to perfect the biological preparation of diseased roots by chemicals and
to test them in wound healing experiments for their ability to detoxify roots
and abet new attachment therapy.

Rationale for Root Planing

Numerous opinions have been expiressed advocating root planing. These have
included the points of view that the root surface is pitted and a habitat for

bacteria,!3% that the root surface is dead!“0 or necrotic,!*! that the pericementum

142 5r that remnant Sharpey's fiber ends are putrescent.lu? A

d’lhh,lkS

is necrotic,
fresh, clean surface has been recommende which some state should be
only in the cementum!“®,147 and others into the dentin.!“®=150 Elimination of
the biologically unacceptable surface cementum contaminated with substances
that can elicit inflammation seems to be a current consensus.!®!=153

Root planing to a smooth surface in order to remove calculus will probably

il
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remove most of the cementum. The consensus of reports on the results of

instruments suggests that curettes leave the smoothest root surface.3%,37,154-108

However, what feels like a smooth surface to the touch of a sharp explorer may
be a grossly rough surface for the first adherent cells of a new attachment.

Root planing will not prevent the later accumulation of plague or calculus,

which is related more to the patient's hygiene performance;31,1%%,189,170 py¢

it has been reported that rough tooth surfaces facilitate the reteantion of

bacteria.“?,171

As opposed to the point of view of smooth planed roots is the view that

healing with new cementum occurs in nicks in the root!’? and that flat surfaces

173 The recommendation for a microirregular surfacel”" seems

are inhibitory.
supported by only one abstract, a report of an experimental, intentional

. . . ) 5
scarification of cementum after a surgical detachment, !7°

Demineralization

Nearly one hundred years ago "aromatic sulfuric acid" was used in dcep

176 claims of

178,173

pockets with claims of remarkable results of new attachment.

new dattach.ent after use of hydrochloric acid!?7 lactic acid,

salicyclic acid!®Y and citric acid (used to "neutralize" antiformin)!81>1%¢

have been made. Black!”” dismissed the use of acids as "radical" and pointed
out that no propenents had demonstrated a connective tissue new attachment by
histologic evidence.

Descriptions of histologic repair of surgically-created defects in animals
have led to the selection of citric acid as a method {or "eorniitioning' rocts

t.181+~187

and promoting accelerated reattachmen Acid etcehing of normal huran

cementum exposed the broad bundles and interlacing fibrils of co!lagen in the

187 Greric acid applied to diseascd root surfaces revealed no

1829

cementum matrix.

collagen fibers, unless the cementum was first removed by root planing.

BG-140

The acid treatment also enlarges the dentinal !‘ubules,l into witich the healing

connective tissue enters. Ofr 187 The repo1t of Frank, g}_ﬁj.,lgo is used as a
justification for artificial demineralization. 1In that study, electron misrograph-
depict scattered, fine inorganic crystals on the dentin sucface among collagen
fibers in an area of connective tissue new attachment, one month following a
surgical procedure. What seems overlooked is that those investigators, in addition
to sugpesting that this was a crystal dissolution, alsc stated that the findings

were compatible with beginning of mineralization,!??

or a precementum.




Decalcified normal roots implanted into subcutaneous tissues of rats

did not seem to promote connective tissue attachment,!%!

and when implanted
into submucosa of humans led to resorption or exfoliation.!®? The replantation
of endodontically-prepared monkey teeth which had been treated with acid
caused exfoliation or accentuated resorption and ankylosis, compared to
undemineralized controls.!193

The citric acid conditioning of natural and artificial furcation defects
in dogs has demonstrated some remarkable success in new attachment and closure
of the defects.!%*»195 The closure of deep pockets in humans has been reported.]9“
Histologic study suggests this is mostly by a new, long attachment of junctional

197

epithelium, although some connective tissue adherence and a slight amount of

198

new cementum at the apical extent of the pocket has been demonstrated. In a

comparison trial, citric acid conditioned teeth gained 2.1 mm clinical attachment

and controls 1.5 mm, six months after modified Widman surgery.199 Citric acid

conditioning has not improved procedures for coverage of denuded roots in
humans,zoo’201 but has shown significant new connective tissue attachment in !
baboons.202

ZONE OF THE EPITHELIAL ATTACHMENT

The attachment of epithelium to the surface of the tooth provides a
biological seal, which, with the attachment of connective tissue elements to
the tooth, comprise the dentogingival junction.zO? The occluso-apical length
of the junctional epithelium ranges from 0.1 mm to 2.7 mm in the periodontal
pocket,2047207 and it s quite variable. On extracted teeth it is seen as a
“plaque free zone".297-211 1t ig important to new attachment therapy to know
that the junctional epithelium is continually revewed.?!? Although it has
generally been thought that the strength of the dentogingival junction was due

to the contribution of connective tissue, the epithelial attachment has surprising

strength.w’z”’zIq At the base of the pocket, bacteria are in contact with the

"

junctional epithelium and "pioneer'" organisms are found to have advanced into the i

215

interstices of deeper cells. As a result, the junctional epithelium presents "f

characteristics of epithelium over disturbed connective tissue.?!® \

Probing the Epithelial Attachment

Most authors agree that the epithelial attachment should be removed to

obtain a connective tissue new attachment.!>207,217 Thin steel shims inserted i

in the gingival crevice appear to penetrate to the depth of the epithelial J
!
é
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attachment.?97 However, periodontal probes may wedge to a halt at variable
positions related to the health of the tissues.2?07,211,218-229 r¢ pre-surgical

"initial" therapy is performed to reduce gingival inflammation and dissection

then carried out at the bottom of the probable pocket, the junctional epithelial

cells may remain on the tooth side as depicted in Figure 2.

Operative dentistry procedures?30 231

and simple scaling may tear or remove
the epithelial attachment unintentionally, while intentional procedures to
remove it may not completely eliminate it.207,232,233 Hoyever, the presence

of some patches of junctional epithelium may not prevent connective tissue new
attachment more coronally.23“v235

The Dental Cuticle

Between the junctional epithelium and the tooth surface there is a dental

49,236-243 30,81,237,2u44

cuticle. The dental cuticle may remain on exposed cementum.

The dental cuticle should be removed in attempts at connective tissue new

237

attachment because new cementum may not deposit on it, according to Box and

Waerhaug.207

The exact nature of the dental cuticle is not known. Because it appeared

245

hyaline in histological sections it was once thought to be keratin. More

recently it has been thought to arise as a gradual thickening and condensation

of basement laminar material.?“® On the basis of stains it has bheen said to

247 rotein,2“8"250 and carbohydrates, probably neutral
P y

251,252

contain hemoglobin,
mucopolysaccharides. For others, there is thought to be carbohydrate
which remains unidentified.?%9,253,25% godium deoxycholate can remove 3
epithelial cells in vitro, and leaves behind this cuticle and attachment
substance.?55 %
Dental cuticle was not seen under a new junctional epithelial attachment at
two to three weeks after scaling,““ but it has been seen at later intervals
after reattachment,?5® on enamel and calculus after scaling,28 four months after
gingivectomy,“5 and 35 days to a year after flap operations.50’257’258

Forming A New Junctional Epithelium

The epithelial attachment is renewed by the coronal movement of cells, 259
and, after detachment, the artificially deepened crevice closes from the bottom,

up, like closing a zipper.2%0 with little to no inflammation present, the

junctional epithelium has a low mitotic activity, but it rises dramatically




with inflammation.232,261 If some of the junctional epithelium is left on

the tooth after a wound of minimal trauma, it participates only slightly in
the epithelial regeneration, which is derived primarily from the oral epithelium
at the gingival margin.w’262

The Cementum Surface

Underneath the junctional epithelium, its attachment lamina, and the dental
cuticle, the cementum surface appears to be varied.®® Selvigb® found it had
a decreased density of the mineral crystals ranging from 0.2 to 18 microns deep,
but generally to a depth of less than four microns in four of nine specimens.
In other sections the mineral crystals were densely packed at the surface, while
subjacent layers were almost devoid of crystals. The loss of mineral crystals
revealed the crossbanding of the collagen, except in some regions where the
surface decalcified zone failed to exhibit typical collagen structure.®8 It is
most probable that even a light root planing in this zone which would scrape
away the epithelial cells and their cuticle would also remove the thin altered
surface. Would the exposed collagen fibers in the cementum which still retained
their natural crossbanding unite with new collagen fibers of the healing wound?
The first fine fibrils of collagen formed on dentin surfaces were generally

50,187 yhether any "splicing" occurs

oriented parallel to the root surface.
has not been demonstrated.

ZONE OF THE CONNECTIVE TISSUE ATTACHMENT

The connective tissue attachment is where collagen fibers normally originate
in the cementum and pass outward to insert in the gingiva, periosteum, alveolar

bone proper, or across the interdental septum to adjacent teeth as transseptal

263 The distance from the crest of the alveolar bone to the epithelial

205,206,264

fibers.

attachment varies, but is about one millimeter on the average.
In this zone, immediately apical to the epithelium, there is an area where

the collagenous fibers are found in varying stages of degeneration in the presence

of inflammation.68,263,265-267 The yidth of this destruction ranges about 0.5 to

1 mm."8,265,266 The fiber dissolution starts with decreased density of fibril

packing and longitudinal splitting, progresses to loss of crossbanding, change of

orientation, and then fibers appear to be cut off at the cementum surface; but they

may retain their crossbanding under the surface.%8,265 There is a demineralization

of the surface of the cementum to a depth of about 0.2 microns in the area of complete

fiber dissolution. In the area are found leukocytes, granular debris, and occasional

microorganisms.68 The fiber dissolution is thought to be enzymatic, as no

11



multinucleated cells are seen.6%,267
The remainder of this zone is of densely packed collagenous fiber bundles

and the finely fibrillar indifferent fibers,(’B’?68 cells and their processes,

68

and precementum. The precementum serves to maintain the attachment in

health.”®97273 gometimes part of the epithelial network of the former root

sheath may be seen.?’* Resorptions of the root surface occur as a result of

injury, necrosis, or perhaps inflammation, and are normally repaired by cementum
to even out the root surface.2757279 gometimes resorption may go deep into the
tooth and present an osseous metaplasia repair.280

Repair of the Connective Tissue Attachment

When an incision is made through the gingival crevice or gingival margin
to the crest of the alveolar process, the collagen fibers in the zone of
connective tissue attachment are severed. When a flap is raised and the root
and bone exposed, the fibers are not readily apparent to the eye. Clinicians

1,281-283 Thege fibers have the

are repeatedly warned not to scrape them away.
potential to reattach to the fibers in the repositioned flap. If the root is
undamaged, healing by scar does occur,%7551,207,282,284=287 1f the root in this
zone is injured, even with a surgical detachment in normal gingiva, apical
migration of the epithelium occurs.>0,185,186,207,286,238-29% 71hyg, careless
instrumentation may result in an increased loss of connective tissue attachment.
Routine scaling may injure the connective tissue fibers as well as the
epithelial attachment.’3! The cementcblasts in the area of the connective
tissue attachment seem to be very sensitive to trauma, and they 'disappear" for
a short while after a wound.?61,2257299 The new cementoblasts may differentiate
by some inductive property of the root surface acting on undifferentiated
cells, 300 but studies seem to indicate a proliferation from the "native cells"
on the cementum side of adjacent periodontal ligament.287:296,297,301-303 rpere
may also be a migration laterally from adjacent teeth along the transseptal
fibers.30% Obtaining a connective tissue reattachment to the root does not

ensure bone regeneration,?%"

The cells, which repopulate the wound, control the
type of healing.3?% Periodontal ligament cells can produce new cementum and
fibers on the root, but bone marrow cells produce resorption and ankylosis of
the root.296,304=305

Cementogenesis

When new cementum forms following surgical detachment, it can form on "old"

0,789,310 50,289,309-311

5
cementum or dentin.

New cementum formed in surgical




detachment wounds often follows shallow surface resorption,!86,285,289,291,292

and is most often found at the apical extent of the wound.50»!86,285,289,309,310
The earliest material formed is a metachromatic band, probably of
mucopolys.'.-wchal:ides,50’312 which is later calcified and the collagen-
polysaccharide matrix of cementum formed and calcified.®?>3!3 The dearth of
collagen fibers in that first material would allow artifactitious splits in
decalcified sections,50 but it is not known if this makes the connective
tissue reattachment 'weaker", in vivo. The earliest collagen fibers of new
cementum matrix parallel the root surface,>0,187,313

There has been concern that connective tissue healing was impaired on
non-vital teeth.399:3!% Root canal treatment can induce necrosis, resorption
and repair of the cementum.3!'® Following surgical detachment , 3165317
periapical curettage,3]8 or replantation319 normal healing was observed
histologically on non-vital teeth; while case reports suggest good treatment
results for combined endodontic-periodontic lesions.320-323 cCage reports claim
acid treatment is effective in reattachment on non-vital teeth which do nct

respond to the usual t:herapy.-Q'ZL+
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THE PERIODONTAL SIDE

THE ZONE OF THE MARGINAL EPITHELIUM

With the objective of couanective tissue new attachment therapy, the sulcular
or pocket epithelium is removed.! Scaling with hand instruments and ultrasonic
devices may injure the sulcular epithelium by tearing or even removing it, and
with tears sometimes extending into the connective tissue.231,325-327 yjep

good hygienic measures this simple debridement has heen demonstrated histologically

to result in reformation of a normal epithelial attachment,32%,327,328 yhjch

may extend almost to the margin of the gingiva.328

Subgingival Curettage ~- Histologic Studies

In subgingival curettage performed as a surgical procedure with the goal of
connective tissue new attachment, one attempts, but does not always remove the

pocket epithelium.207,232,329-335

Remnants may be left at the gingival margin or
near the epithelial attachment. The long epithelial rete extensions into the
connective tissue may also be left,?32 but if thorough scaling and hygienic
measures are used some time prior to curettage, these rete extensions will likely
have disappeared.328 Complete epithelium removal requires many strokes of the
curette,336-338
Following curettage the basal germinative cells of the stratified squamous
epithelium at the edge of the wound elongate and migrate as a sheet under the fibrin
of the clot, and present evidence of phagocytosis.3?9 Depending on the size of the
wound and degree of inflammation, complete regeneration ma. occur in three to 18

207,222,237,329,331,334,340-343 usually being complete at five to seven davs. 1

days,
Excision of the marginal gingiva has been proposed with the rationale of delaying
epithelial downgrowth into the wound, thus allowing more time for connective tissue
healing, but no experimental evidence confirms that it is more effoective, 330, 3ak-1n

It is conceivable that connective tissue new attachment could result after a
well-executed subgingival curettage. Waerhaug reported new cementum in four of
40 human teeth, but thought it was due to injury apical to the base of the pocket.yo? !
Box presented histology of one tooth which showed connective tissue against
planed cementum, and an area of new cementum.” 37,350 schaffer and Zander?®!
presented histologic material demonstrating new connective tissue and epithelial

attachment in four cases, in a series where five of eight subjects had clinical pocket
3652

presented histologic sections of

reduction after subgingival curettage. Cross




three teeth in one human with epithelial and connective tissue new attachment.
In a study with careful control of hygiene in two monkeys, a long new junctional
epithelium was the predominant method of regeneration after root planing and
curettage every three months. Occasional "windows" of resorption and connective
tissue repair in the epithelium were seen at nine months.?35

Subgingival Curettage -- Clinical Studies

An occasional case report claims considerable reduction of a pocket depth

after treatment by subgingival curettage.35“ For six patients, one month after

subgingival curettage, an average recession of 0.26 mm and 0.9 mm decreased pocket

depth were noted.3%% In another practice, three months to two years after

treatment of 20 patients, one to 7 mm gain of clinical attachments was recorded.3">

Significant improvement in 73 humans was recorded in a 36-month study.3%6 Only

five failures were reported in the periodontal maintenance of 103 patients over

a six-year period.20 For 157 patients, curettage resulted in a mean 3.0 mm attachment

gain.357 Another study, of four-month's duration, showed that subgingival curettage

significantly reduced pocket depth and resulted in a gain of attachment for

40 subjects.3°8 In an experiment on seven dogs treated with curettage six months

after surgically creating pockets, 56.7% of the pockets were decreased in depth,

with a mean overall gain of attachment of 0.83 mm, 10 months postoperative.35?
Short-term surveillance of 44 patients treated with subgingival curettage by

the Ramfjord group showed that 62% of the pockets initially deeper than 4 mm were

improved, with a mean of 0.2 mm to 0.3 mm gain of attachment level.360 At eight

years, data for 78 patients in their long-term study were analyzed on the basis of

initial pocket depth. For shallow (l1-3 mm) pockets there was about one mm loss of

attachment; but in the moderate (4-6 mm) and deep (7-12 mm) pockets there was a

h.361

sustained gain of attachment and significant reduction of pocket dept

Chemicals in Curettage

Adjuncts to subgingival curettage have been used empirically until investigations
or gsome years of experience demonstrated if any value existed in continued use.
Calcium or sodium sulfide solutions or sodium sulfide and sodium carbonate pastes were
once used to "dissolve’ epithelium;362-36"% pyt several investigations showed that this

very alkaline material was not a specific epithelial solvent, that pockets treated

with it healed by epithelial proliferation to former level, and that there was




also connective tissue injury.288’365’366 Sodium sulfide was found nc more

365

effective than sodium hydroxide. Forty percent potassium hydroxide was once

used, "neutralized" by hydrochloric acid.“! Antiformin, a mixture of sodium

hypochlorite, sodium carbonate, and sodium hydroxide, was also extremely alkaline,

and was "neutralized" by applying citric acid.!®!»182 1ikewise, it was found

not to dissolve all epithelium and to damage the connective tissue, ®7,308 The
use of highly alkaline agents was like an uncontrollable, chemical gingivectomy.’cq
Plienol, in strengths from 25% to 100%, has been used for an aid in removing

' n23L T T0-473

epithelium, cuticle, and "infected granulation tissue. Interestingly,
both phercol and alkali can extract or degrade bacterial e:dotoxins; but phenol
37

can cause damage to connective tissue which, like strorp alkaiis, woula impair

new attachment.

The idea of complete removal of epithelium was questi-aed by Linghorne and
. 37 7 . 3 > :
0'Connell.’’%>37¢ 1n a number of experiments where thev interpreted the aistology

of healing wounds in dogs, they repourted that there was a "creeping reatiachment”

of root resurption, cementum repair and bone regeneration which rroliferated
coronally at a riow rate, despite the use of procedures which did ot atteaspt to
remove pocket opithelium.,  These results could 1ot be repested by inlependeut

1vestigators,: However, one rveport, where the fiap was reiloctou, the tooth
sive of Lhe flap coated with gum copal and collodicn varnish, gutogenons bine irom
4 nearby tooth socket fuplanted, and the flap cloced, showed tivt - opnectiv, tissue

Lad formed o new attachment on the tooth, with poke! e-ithclivm vearby in the

. . 3 N
flap “nstead of on the tooth surface. '
treising the Pocket Lpitnelium

In variations, ciinicians have curetted the cpithelium befove elevatin, a

rel ol or mucoperiosteal tlap, have tricd to curecte the opitieiium from he
flap after clevation  or have dissected the epitvhelium 1rom the pigival Tlap »
internal bevel incision. The abilitv of these variations t. remove Yhe o chet

epithelium and epithelial attachment have net cvoon evaluated to the came exteni on

remove epithelium on 147 of proximil ticsues and about 407 of Lobhial or Tivoua:
sSuriaces. ’ Fpithelial reve projections in the proxima!l pocket soft ticsue vall:

between mesial and distal tooth surfaces often come ciose to touching vach othr,

so the epithelium can be eliminated completely only by removal of the papiila.

subgitgival curettage, A "self-limiting epithelial s atpel” T oas taund toooooc e

nd

il ikoniit

tintlidhng,




The early postoperative histology of one study shows that epithelium removal by

341

incision was almost perfect. It is thought that epithelial removal by incision

is less traumatic than curettage and permits better pustoperative adaptation
to the tooth.3¥0
After dissection, the new epithelium migrates from the cut edge of the marginal

epithelium under the clot, and any residual junctional epithelium does not appear

to participate in the regeneration.“n‘ The new epithelial attachment has ncrmal
ultrastructural appearance on dentin and cementum.!” » *# The epithelial new
attachment is reformed in about seven days,<l", 292,340,340 a6 yhich time it has
Sk

formed a strong new attachment. In some areas a 40 nm to 120 nm thick space

which may contain amorphous electron dense material is present at four months

between epithelium and the root.- >

THE ZONE OF THE GINGIVAL CONNECTIVE TISSUE

The residual gingival flap after incision (Figure 1) and the dissection and
removal of the lining of the pocket (VFigure 2) would ideally leave a consistent
wound surface between the epithelium and the alveolar crest.! The idealized
condition as carried out would appear as in Figure 3. Note that the gingival
fibers and the vascular plexus approximately parallel the tooth surface. The
thermal effects of ultrasonic curettage may cauterize this surface facing the

384 Thermal or

tooth,335,3R1=-372 ¢ ¢ may be no different than after incision.
chemical coagulation might impede healing.

Hygienic measures and scaling to resolve the gingival inflammation should
reduce the possibilitv of residual ends of pocket epithelium rete in this zone.
Those inadvertently left may not constitute a hazard.?®® Treatment prior to
surgery provides for a regeneration of the free gingival and circular connective

386 scaling prior to surgery should also reduce hemorrhage, lesscn

tissue fibers,
the likelihood of excess granulation tissue in healing, lessen the chance of
infection, promote quicker healing, make the tissue firmer and technically easier

387-390  However, these views

to incise, and reduce the time rcquired at operation.
are not supported by direct evidence.

Gingival Flaps -- Histologic Studies

A blood clot of fibrin and red blood cells fills the space between the connective

tissue and tooth, and is infiltrated with polymorphonuclear leukocytes to form a




"poly band."?1%,299 Granulation tissue proliferates from the periodontal ligament
and the flap.21%:299 The new fibroblasts may come from activation of local

fibrocytes, dormant mesenchymal cells, or perhaps from cells of the blood stream. 39!

They migrate into the wound on fibrin strands, fcllowed by capillary buds.392
Interdentally, granulation tissue may also proliferate from marrow spaces. The
fibroblasts have a random orientation of polarity on the collagen fibers of the
normal gingival connective tissue.393 With the very close adaptation of a flap
having fibers parallel to the tooth, and successful replacement of a thin clot

by new fibrous tissue, it is most likely that the result would appear to be what
has been called "collagen adhesion."39% There is no evidence that cells of the
gingivae have an osteogenic potential and the origin of cementoblasts is uncertain. 30!
It has even been questioned whether gingival connective tissue is able to form
anything more than "contact" to a dentin surface.’?” Formation of a '"collagen
adhesion'" may prevent or retard the coronal proliferation of periodontal ligament
cells which could secure the connective tissue attachment by new cementum. There
is no information on the relative strengths of wounds healed by a new attachment
with cementum, collagen adhesion, or a long junctional epithelium. It is reasoned
that a connective tissue new attachment would give support to the tooth and that

a long epithelial attachment could detach and reform a pocket. 9"

As was found with subgingival curettage, the predominant mode of healing by
gingival flaps is a long junctional epithelium new attachment.”5%»-9%, 340, i, 2hes
396=298  0Only slight amounts of connective tissue attachment and cementum occur,
usually in grooves cut into teeth at the base of the wound . TF7e 258,798

Gingival Flaps -- Clinical Studies

Case reports attest to the clinical success of periodontal]l disease management
by gingival flap procedures.l>34,?39=407 clinical studies have followed the
results of gingival surgery over short and long-term periods. On 12 patients a
postoperative reduction of pocket depth and gingival fluid flow was reported
up to four weeks."93 Significant pocket reduction and a slight loss of attachment

# over a one- !

four months after surgery was reported in a study of 40 patients.*{
year period, 15 patients were found to have reduction of peccket depth and over

one mm gain of attachment.“Y* Another report cf 153 pockets in 95 humans demonstrated
an average of 3 mm regeneration in 127 pockets, and only seven pockets showed no

improvement.“os In nine patients, over 2 mm new attachment was found at 12 months,

18




with a mean of 1.9 mm at three years and 1.5 mm persisting at five years.*06-408
Gingival flaps, even without an attempt to return to original preoperative level
at the completion of surgery, were found to have a 0.9 mm gain of attachment at
six months."“09

After eight years of clinical trials, the Ramfjord group has found that shallow
pockets (1-3 mm) had about one mm loss of attachment, as did those treated by
subgingival curettage; but in the moderate (4-6 mm) and deep (7-12 mm) pockets
there was a sustained gain of attachment and a significant reduction of pocket
depth.36!

Gingival Grafts

Cingival grafts constitute a use of the zone of connective tissue. 1In the
coverage of denuded roots, no case report or study has documented a new attachment

with a free gingival graft.%10-%13 pedicle grafts moved laterally to cover

. . . -4 R
denuded roots are claimed to be successful in almost every instance. *14 H1E 7

clinical study of pedicle grafts in 15 humans found a significant gain in root

“19  In another study, a significant 3 mm mean gain in attachment was

420

coverage.

found at six months postoperative in 14 procedures, which was sustained at a

three-year followup.4?!

Twenty-eight days after creating a denuded root surface
surgically, pedicle grafts were performed on 1l dogs in order to study the
histology for up to 180 days postoperative. The average result was a 2 mm
attachment of epithelium and a 2.1 mm new attachment of connective tissue."”?

Two human teeth treated with mucoperiosteal pedicles were seen to have varying
amounts of epithelium and connective tissue new attachment.“<? 1In another report

of two cases, the one treated with a split thickness pedicle healed with long
junctional epithelium, while one treated with full thickness pedicle had connective
tissue and epithelium new attachment."?“ Full thickness pedicle grafts have been
claimed successful in cases for management of two-walled hony defects,*?” furcation
problems,"‘26 and adjacent to an edentulous ridge.l‘27

The Periosteum

The success of connective tissue new attachment with mucoperiosteal pedicle
grafts moved laterally, as contrasted with replaced gingival flaps, is thought
to be associated with the periosteum and its participation in the formation of

a union."?8

19




Small fragments of bone often remaln on the periosteunm clevated from

alveolar process.“29 New bone formed on the top and bottom of bone spicules

which remained attached tc periosteum elevated from alveolar process, but little
new bone formed where separation had been by elevaticn through the cambium layer
of the periosteum."3C  Combination ostcoperiosteal flaps produced more new bone

when transposed as extraoral pedicle grafts into muscle than did periosteal

Ila\ps.”I Osteomucoperiosteal pedicle flaps were not successful in formning new

- . . ’ . e
attachment to denuded roots in miniature swine.*?? Where th-se flaps were placed

over recipient area bonc, a new periosteum formed between recipient and denor

bone ., 32

With the idea that the cambium laver is thin snd dormant in the adult, and
may be injurad when elevated from bone, histologic examinaticon was made of
periosteum traumatized bv needles jabbed thrcough the gingiva., In three weeks

the inflammatory response was followed by proliferation and estcogenesis un the
433

surface of the bone. Case reports of pedicle grafts with "stimulated"

periosteum have domonstrated the technique but have not documented the rosults.*34>47"

Free grafis of periosteum wrapped around roots during bone implant procedures

308, 1 3E

have nct produced a connective tissu- new attachment. A descriptive

histologic study cf free periosteal crafts packed interdentally reported new

cementum and connective tissue attachment in the notches marking the depth of the

pockets.““7 On the basis of case reports, attachment success for free grafts of
ostevperiosteal tissues from the tibia has been claimed.”?8  There has been
little work done with pedicle grafts of periosteum.® ”

Coronal Positioning

Reginning with a gingival flap, then elevating a muieoperiostecl flap,
the clinician has the options of replacing the flap or moving it laterally,
apicaily, or coronally. Coronal positioning could bring periosteum vnto the
root surface with prospects for new attachment and perhaps even increased bone

support. Success has been claimed in case reports of coronally positioned

mucofariosteal flaps where the procedure has beer sturted with a gingivectomy““F

TS BN

as well as the internal bevel incision. Successful cases of coronally

positirned pedicle grafts for coverage of denuded root surfaces of individual

L4#3-885 One report has demonstrated 1.43 mm of new

Ly

teeth have bheen reported
attachment 12 months after surgery. Citric acid treatment of diseased

roots in ceonjunction with cor-nally positioned pedicles has not shown an

20




200,201

advantage in two human clinical studies. Coronally placed pedicles were

found to have no significantly different results from laterally placed pedicles,

except that donor teeth for lateral pedicles had slight recession.""7 j

Pedicles of mucoperiosteal flaps, elevated after gingivectomy, with their

bases at the cuspids and the free ends at midline have been proposed for new i

449

attachment,““g but others could not obtain the same results. Limiting such

"bridge" pedicles to single teeth, a case report has claimed new attachment,

sustained at 18-month follow—up.“so

Adaptation

An important requirement of new attachment therapy is close adaptation of the :

gingival tissues to the tooth at the completion of the surgical procedure.“SI

When the gingiva is separated by a great amount of clot or debris the healing is

4.262,299

delaye It is a generally held point of view that intimate contact {avors

a shorter epithelial attachment,2%0s452,453  (14ge adaptation is thought to result

l in early formation of an epithelial seal, protecting the connective tissue from j
bacterial irritants which could interfere with cementogenesis.zggvusu
Cell Adherence

An area of study with possibly great implications for new attachment therapy
is the application of fibronectin in promoting cell adherence to the root surface.

Fibronectin is a cell surface glycoprotein which is found on human gingival

fibroblasts and provides adherence to culture vessels.*®® The attachment of

gingival fibroblasts to collagen is via the fibronectin, and the attachment
probably accounts for the axial orientation of cells to {ibers and perhaps cven
to orientation of new fibrils into bundles.“®® The attachment of fibroblast: to

diseased root surfaces could theoretically be improved by demineralization,

‘

thereby exposing collagen for a collagen-fibronectin-cell attachment."® Expoeriments %

with non-diseased root surfaces showved that demineralization could double the

457

number of attached fibroblasts in vitro. The amount of fibronectin in impl.nted

demineralized collagenous bone matrix was found to increase prior to cell

458

proliferation, differentiation, and calcification. Fibronectin has an affinit:.

for fibrinogen, too, and this may be involved in the locomotion of cells"""

which migrate into blood clots. There are many exciting new studies which can

apply this biological process to new attachment therapy.




THE ZONE OF THE BONY DEFECT

It is thought by some that only when the pocket is within the alveolar
process that a new attachment can occur.“®Y Pockets apical to the alveolar
crest are classified according to the number of bony walls.“®! The number of
bony walls serves as a rational basis for therapy with the three-wall bony
defect thought to have the most favorable chance for new attachment therapy."6!
Decortication

In a study of human cadavers, most bony walls observed were of cancellous

461 cells of osteogenic

bone, but sometimes a more sclerotic wall was noted.
potential are found in periosteum, endosteum and marrow.“®2 Tt is thought that
perforation of sclerotic bony walls should be made to open into marrow spaces

to establish a good blood clot, ensure its rapid revascularization, and facilitate
ingress of osteogenic marrow cells."63,46% The major repair tissue is from the
bone marrow,“®> and bone resorption would have to open a sclerotic wall before

the marrow cells could enter the wound. The arguments for perforation are

rational, but there is no experimental evidence of its value.

Transseptal Fibers

Transseptal fibers follow the bony wall surface in interdental angular bony
defects."*%5,467 1t has been recommended that these fibers be removed, for if
left they may be a barrier to proliferation from the marrow."®1,466,468 Apain,
this seems rational, but it is done without the support of direct investigation.
The granulation tissue which fills the remainder of the defect could have formed
irom perivascular cells of the gingiva, periosteum, bone marrow, or periodontal
ligament. It contains chronic inflammatory cells and the elements of repair;
but it is also riddled with elongated epithelial rete,"®? therefore it is removed.

The number of bony walls is related to the amount of periodontal ligament
that is exposed. A three-wall bony defect might have a V or U-shaped exposure of
periodontal ligament:."sl+ If the usual maximum proliferation outward of the
periodontal ligament is about 2 mm, then a complete new attachment is possible
in narrow, or in shallow, bony defects."5"

Curettage —-- Clinical Studies

Case reports have indicated a profound response of pocket reduction and apparent

L70-478 One

bone "fill" on X-ray after treatment of acute periodontal abscesses.

[ SR




point of view holds that the healing is due to a favorable biological state of
the root surface following rapid destruction, as opposed to all the changes
which occur in chronic pockets with a longer history.w6 Another view is that
there is a radiolucent bony matrix in these lesions, which can be rapidly
remineralized as healing occurs.*70°%73 There is really very little evidence
in this matter.

Other case reports have claimed "reattachment' and bone fill of chronic
defects treated with curettage, as shown by X-ray.*797487  However, X-rays may
not accurately depict bony defects or the form of the final results,395,4887491
Photography of re-entry operations has demonstrated bone £i11.482

Clinical studies with careful documentation have demonstrated gain of attachment
upon probing and bone fill in 3-wall, 2-wall, and combination bony defects treated
by curet:t:age.“gz'“96
Curettage ~- Histologic Studies

Histologic evaluation of a bony defect in a monkey treated by flap and curettage,
and having a 4 mm gain of attachment on probing and bone fill on X-ray, revealed
at one year that bone had filled the defect, but that junctional epithelium had
migrated apical to the level of planing on the root surface.*?? 1In two other
animals at one-year postoperative, very little connective tissue new attachment
had formed at the base of the defect, and again junctional epithelium was seen on
the root in areas of bone £i11.%00 A complete histologic new attachment was
observed in 56.3% of 20 monkey bony defects treated by curettage, but about 107
of all specimens had alternating zones of connective tissue attachment and
epithelium on the root surface.>0!

One human case treated by curettage, which had a shallow crevice on probing
and where the X-ray showed bone fill at six months postoperative, disclosed on
histology new bone and cementum and a disorganized periodontal ligament.%02 New
bone and cementum were seen in only seven of 21 human block sections in another
practice, however two of 21 with no bone were removed at only 14 days postoperative.>03
In another study, no bone fill was found in three human blocks removed one year
after curettage, and only one specimen had 0.1 mm new cementum, the junctional
epithelium having migrated apical to the alveolar crest in all three. 0%

It seems that following curettage, even with probing, X-ray, and re-entry

evidence of bone fill, that there may not be a concomitant connective tissue new




attachment. Histology must be done to confirm that epithelium has not migrated
to the depth of the fcrmer pocket.

Retarding Epithelization

In cxperiments to determine what could happen if that ''bugaboo', epithelium,

were excluded, teeth with bony defects were amputated, the defects curetted, and
397,505,506

the roots buried by mobilizing flaps. 7 Histology at usix to eight

menths usually showed connective tissue new attachments, although the fibers of
the new peri.dontal ligament were parallel to the roots.

Since the epithelium of free gingival grafts usually completely dies and
sloughs, it was conceived that bony defects could be covered witn free grafts,
delaying the migration of epithelium and allowing more time for connective tissue
new attachment.>0” Complete regeneration as determined cliniciilly was found in
60% of 68 human bony defects using this technique, as compured to 40% treated
with conventional flaps.5°7 In a histologic study on 20 monkeys, reepitheiizaticn
was determined to have been retarded by 10 to 12 days by free grafts, und they

geaerally had shorter epithelial attachments. >0

Implants of Oral Bone --— Clinical Studies

The healing tissue which fills a bony defect could form a dense, fibrous scar,
or newv bene. It is thought that the matrix of bone conatains some inducing or

organizing substance and so implanted bone could »y its resorption release the

99

stimulus feor the formation of new bone in the recipient site. A number of

¢ises have been reported of successful fill and attachnent af{ter the use of

Jutogenocus bone implant material obtained from ovrai donor sites,“G4,510-20,

Clinical studies have quantitated the bone fill s<on on X-rass after autcgenous

bone implants.®?3,52%

525

An increase of over 3 mm mean fill was reported in 44
natients. With conventional flap approach, 40% of bony defects obtained

complete regeneration in another study.507 In eight carefully documented casces,

autogenous transplants from oral sites did not appear to markedly influence the
outcome, compared to curettage, in 2 and 3-wall defects."%* 1n a study of 9i

4933

humans, the same conclusion was made. In 25 cases, involving one--wall and furca

defects as well as 2 and 3-wall, about 2.9 mm mean bone fill was found with

autogenous oral bone implants, 525

In a larger group of subjects, it was found
that, regardless of the form of the bony defect, there was a statistically
significant increase of fill with implants compared to curettage.527 The 2-~wall

werc better when implanted but not the one-wall in another study.528
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Implants of Oral Bone -- Histeclogiv Studies

Histologic study has demonstrated that the implantation of autogenous bone

chips from an oral site caused bone to regenerate further from the bony defect

walls after surgical detachment, than when no implant was used. *°¢ Chips smaller

9

than one mm seem to be most effective.>” In epithelized, surgically~created

defects the result of autogenous bone implants was "reattachment" in dogs. '

Another study in dogs found histologic evidence of new beone, liagment and cementum
in defects implanted, but leng epithelial attachment in those not implanted.“ﬁﬁ

New cementum was seen in grooves at the bottom of defects implanted with fresh

£3]

autogenous bone from an oral site in another study in dogs. In 12 monkeys,

new cementum, ligament and bone formed in implanted and non-implanted defects, P01, 507 \

In another study on monkeys both implanted and non-implanted bonv defects
eventually filled with bone. >3’

New cementum formed on old cementum and on dentin, along with new bone
formation in one human case at eight months after implanting autogenous cortical

533 However, the ligament fibers were parallel to tne

and cancellous bone chips.
tooth.%33 Another single case report, at 57 months after implanting autogenous
bone chips, showed bone fill, but the ligament had considerable artifactual
tearing away from the tooth in root planed areas.>3% One block section from a
clinical study showed new bone, ligament and cementum on a root planed surface

5  Another instance showed new cementum on

535

which was not denuded of cementum.>?
old cementum which had been planed, 28 months postoperatively. Histologic
study of three human teeth at six to 13 weeks after implanting autogenous oral
bone showed new bone, a cellular ligament with some functional organization,

536 Autogenous bone from

and new cementum formed on old cementum and on dentin.
oral sites implanted in six human cases when observed at one year showed new
bone and cementum in three root planed specimens, but, without root planing,

50%  There was junctional epithelium

only one of three specimens had new cementum.
on the root apical to the regenerated bone in two of three specimens not root

planed, and one of three which were root planed.so“ A specimen examined 28 weeks .
after autogenous bone implant was found to have bone regeneration, but with

epithelium on the root nearly to the base of the original defect. New cementum

was limited to the base of the wound.>37

Implants of Autogenous Red Marrow and Bone -~ Clinical Studies

Case reports have been presented of the successful use of autogenous cancellous

bone and marrow from extraoral sites with the thought that red marrow was the most




£,538-543

osteogenic implan However, there have also been reports of fresh

marrow causing root resorptions of clinical significance.5““_5“7

When using
fresh, refrigerated, and frozen red marrow, a clinical study of 52 humans has
reported dramatic bone fill in all classes of bony defects. ™8 For others,
comparison studies of autogenous red marrow with autogenous cancellous bone
from oral sites have demonstrated no significant clinical difference in bony

L9L 526

defects. It is clinically significant, however, that autogenous red

marrow has resulted in new bone coronal to the alveolar crest, in "overfilled"
implant use.?,548

Implants of Autogenous Red Marrow and Bone -- Histologic Studies

Histologic investigation of autogencus red marrow in bony defects in monkeys
showed that fresh and frozen marrow from the hip both produced comparable amount:s
of new bone. The frozen marrow was much better, though, for new cementun and
ligament regeneration free of ankylosis.”®! Red marrow implants have resulted
in more bone regeneration than non-implanted sites in dogs, but resorption and
303

ankylosis were more common. Fluoride treatment of the donor tissue and recipient

site has not affected cementum deposition with red marrow implants in bony defects
in dogs.rug When composite implants of oral site cancellous bone chips ¢n the
root surface and fresh red marrow in the remainder of 2-wall bony defect.: of
monkeys were compared to implants of fresh marrow only, the composite prafts werc
found to have less resorption and ankylosis. While they often had new cementum
on the roots, there was also epithelium apical tu the alveolar crest.' "

New cementum was seen on one extracted tooth from a human clinical trial of
marrow irplants in 52 natients.““’ New bone, cementum, and a functionallv-
oricnted ligament were observed on four human teeth in a2 study of 13 humans with
documented pocket reduction and bone fill.” This new cementum fermed upor
dentin or old cementum, and upon resorbed and unresorbed root surfaces.”  The
implanted marrow was replaced by new connective tissue at 14 davs, and osteopenesis
vas seen at 24 dayvs, in a series of 15 autogenous bone implants in humans.’ 0 New
cementum formed at the level of bone regencration in narrow or shallow defects;
in the deep and widc defects the new bone was more coronal to the new cementum, 007 !

5N - .
New cementum formed over old cementum or denuded dentin. '"? After nine months tho
503

implanted bone had been incorporated into new bone or was replaced




Implants of Allogeneic Marrow and Bone -- Clinical Studies

Allogeneic bone, preserved in several ways, has been used with success
according to case reports.“36’510’551_55“ A clinical study of 20 patients
treated with frozen allogeneic bone showed at five to 26 months a mean fill of

over 3 mm in all sites.’%® This was comparable to results with autogenous

555

bone and marrow, including "crestal" apposition. In another report of eight

556

patients, about 1.5 mm mean bone fill was seen at re-entry one year postoperative.

Freeze-dried allogeneic bone implants in 350 patients were reported to have

£
el

complete or greater than 507 fill in 60% of the implant sites re-entered.>57> 5%
Another report of nine patients also found greater than 507 fill in 60% of sites
implanted with freeze-dried bone, but this was not different than the results

559

in control defects treated by curettage. Decalcified, freeze-dried allogeneic

bone implants were found in three cases to have 4 mm to 10 mm new bone produced
in defects re-entered at 32 to 104 weeks.>%?

Implants of Allogeneic Marrow and Bone -- Histologic Studies

Histologic observation of fresh allogeneic red marrow implants in surgical

defects in 12 dogs showed new bone and cementum at four and eight weeks after -

561

implantation. Resorption and repair at the base of bony defects were seen in

four dogs, whether the sites received merthiolate-preserved allogeneic bone chips
or not.’®? In six dogs, new bone and cementum attachment were observed in

histologic sections of merthiolate-preserved allogeneic bone implanted into

436

surgically-created bony defects. One human case of an implant from a

bone bank into an intrabony pocket, but which became infected and was

removed, showed new bone forming on and between the implanted chips at

563

3% months. New bone and connective tissue but no cementum were scen

on histology of a 2-month postoperative specimen implanted with a frozen

564

allograft of red marrow. In a companion report, new cementum was seen

559

on old cementum at the base of the bony defect of a one-month specimen.
Fresh and frozen allogeneic red marrow implants in four monkeys were found ,
both to result in new bone, cementum and functionally-oriented ligament

565  New cementum and connective tissue attachment were seen in five

fibers.
of six human frozen allogeneic red marrow implants at six months or one
year, but junctional epithelium was also seen on the tooth apical to the

504  Freeze-dried bone implants

regenerated bone in four of the six specimens.
were seen on histology to have formed new bone at six weeks postoperative,
but the results in four dogs were not different than defects treated by

curettage.>®® Decalcified, allogeneic bone matrix was replaced by new ‘{
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bone in 27 dogs, but at 13 weeks there was ankylosis ¢f new bone to the roots. >t7

In a human case, a biopsy at 17 weeks showed new bone forming on decalcified
ireeze-dried bone, but no root was available to determine if there was
rementogcnesis.bso

Implancs from Another Species

Case reports of xenografts, or implants of non-human bone, have claimed good
N . ‘) IS Q=70 .. . 3
resulfs in a number of instances.-!9,53%,568=570 1inical scudies have shown

. . . L NNV :
some pocket reduction, attachment gain and bone fill,”’¢s ' +»>7% byt in comparison

to curcttage there was essentially no difference.”?

listologi. examinalion showed rhat bone powder from shesp implanted in six dogs
resulted in new bone, ligament and cementum after surgical detachment,’’ Beiled
cow bone powcer in dogs appeared to hasten reattachment in surgicallv-created
defects.”’® A human block section removed 15 vears after the implant of boiled

cow bone into an 8 mm bony defect showed new cementum and connective trissue on an
vld, irregular cementum surface presumed to be the former exposed root. "’
Commerciallv-produced cow bone was found to be not completelv replaced after six

months in surgically created defects in six dogs.®’® Decalcified, despeciated

cow bone was found to be incorporated in host bone faster than undemineralized

. . 579 .
implants when placed under periosteum on alveolar process of docs, 7 Anortanic

bone has been found to be quite inert.%%0s581 pefatted, deproteinated ox bone

was found to be no different than oral autogenous bone chips in 12 monkeys. "3

Implants of Non-Bony Tissues

Implants of collagen have not shown significant differences from controls
in regeneration.sg3*;86 Using dentin and cementum chips from human teeth as implants
in surgicaliy-created defects in six dogs, epithelium was found on the tooth apical
to the new bone in two specimens.587 The implantation of cementum and dentin shavings
into surgical defects of animals has resulted in osteoid formation on the smaller
chips and new cementum,5”"58‘3 but at four months some areas of ankylosis had
occurred. >8° Cartilage allografts have been claimed to rvesult in new attachment in
human cases, °73°%] and the histology of cartilage implants showed they were replaced
by bene in four mnnkeys.592 However, a comparison in dogs showed no difference in
repair whether implanted with cartilage or not . >6¢ Implanted human sclera has been

reported to reduce pockets in human cases. 73,594 Histologic study of sclera implants

in human bony defects shows they are incorporated into host fibrous connective

- -




595,596

tissue but are not replaced by bone, and with no cementogenesis at one

year.%96

Implants of Alloplastic Materials

Plaster of Paris implants into surgically created bony defects in 10 dogs

were resorbed by six weeks, but showed no more bone than unimplanted defects.>%7

No bone was found at six months in 10 defocts in five humans when plaster was

mixed and inserted in bony defects as a paste;598 but when implanted as set
plaster pellets 79% of the defects in 35 cases demonstrated "fill" on X-rays.>?°

Tricalcium phosphate ceramic materials implanted into surgically-created bony

defects in dogs were slowly resorbed by multinucleated giant cells, which may

have retarded its replacement with bone, but defects were repaired at 22 to |

24 weeks.”007602 15 gix humans, one ceramic implant was exfcliated at three

weeks, but in the other five bone fill was seen on X-ray at two to 16 months. 93

Compared to allogeneic bone implants, ceramic was found to be no different.>%%

Zirconium oxide ceramic cloth implanted in surgical defects had bone form on its

604

surface in monkeys and dogs. In five human bony defects, four pyrolytic

graphite implants were exfoliated and there was no regeneration in the other.%0%
No new attachment has been found with these materials. o

THE INTERRADICULAR ZONE ;

Implants of Autogenous Oral Bone

The furcae within multi-rooted teeth have always been a difficult management
problem in periodontics. The implantation of autogenous bone from oral donor
sites into surgically-created furcal defects in dogs resulted in a variable amount
of bone regeneration and new cementum in the root nicks marking the base of ﬂ
the defects, while unimplanted controls had bone loss and cpithelium grew down ]

531

into the furcae. Oral cancellous bone implants in 17 monkeys developed total

closure of the furcae in 447 of sites, with new cementum in 347. Controls with
no implants had only four of 27 sites (15%) with total closure and new cementum, ©00
Devitalized oral cancellous bone resulted in no apparent difference than fresh

607 oral cancellous bone implanted in six dogs %.

oral cancellous bone in 19 monkeys.
did not result in complete regeneration. Epithelium migrated into the furcae of
33 out of 36 sites, despite the flaps having been sutured up on the crowns of

the teeth.®9® No difference was found between use of oral cancellous bone and 3

defatted, deproteinated ox bone. Few sites developed new cementum on the 'roof"
582

of the furca.




Implants of Autogenous Marrow and Bone

Autogenous red marrow implanted into the furcae of two human molars was
found to have resulted in complete fill on re-entry at five to six months.%39
Fresh red marrow implants in monkeys formed total closure in 12 of 24 sites (50%)
and new cementum in 17%, while frozen red marrow had complete closure in 30%
and new cementum in 28%. However, 75% of the fresh marrow sites had resorption
and ankylosis.606

Demineralization

Significantly more bone fill was found in citric acid-treated furcae in
eight dogs, compared to the controls, for 13 of 23 sites had complete connective
tissue new attachment with cementum and eight of 23 sites had connective tissue

194

attachment but no new cementum, at six weeks. In another study, 27 of 35

sites had complete cementum regeneration and five partial regeneration in furcae

of dogs at 12 weeksg, F0°

Comparing coronal flap positioning with closure to the
preoperative level in conjunction with citric acid treatment of furcae in dogs
showed no difference in a third study.610 The overall results of the three
studies was a complete closure in 717 of sites.®10 A preliminary report has
indicated new attachment in natural defects as well as surgical defects in
dogs.lgs Comparable investigations in humans lLave not been reported.

As was found with treatment by curettage, bony defects treated with implants
of various materials may have probing, X-ravy, and re-entry evidence of hone fill,
and still may not have a connective tissue new attachment. Only histologic
evidence can confirm that epithelium has not migrated apicallv to its former
depth. It is generally thought that bone implants are not needed in "narrow'
defects, but there is no study which has c¢stablished "narrow' limits., Implants
have not really demonstrated an inductive effect, but the results with many
cases suggest that some particulate implants mav be conductive. That 1s, they
ray tacilitate the migration of ostecogenic tissue inte the defect, In a similar
fashion, do implants of small bone chips provide space for coronal mipgration of
periodontal ligament covlls? What is the limit of the migracion, and how predictable
is it? Thesc questions have not been answered by investigative evidence. lmplante
of bone do facilitate the regeneration of host bone in sites with low potential
for innate regeneration, =uch as one-wall bony defects, supracrestal and

Gl k12

furcae. However, there is still no conclusive evidence that bone implants

13,614

increase the predictability of connective tissue new attachment.®




THE KEY TO SUCCESS

It is a prevalent point of view, eloquently stated by Zander, et 3}.,615 that
surgical pocket elimination is an essential part of therapy; that to maintain
hygiene and the integrity of the attachment there must be re-established '"normal"
sulcular dimensions. Pocket elimination surgery does not necessarily improve
plaque control,616 however. Another view is that it really may be the therapist’s
choice of the procedures to use in new attachment therapy; as long as good oral
hygiene and maintenance care are ensured, teeth can be maintained in health and
function even with a long junctional epithelium, or collagen adhesion, and

-620

without new bone fill."!7 The question is, can a dentition survive in that

status?
Patients who receive routine periodontal maintenance every three months do
nct exhibit a dramatic or prolonged improvement in the absence of personal oral

I personal oral hygiene can rapidly reverse gingival inflammation in

hygiene.(?
persons with gingivitis,ﬂp? and significantly alter the flora of plaque.‘-“"i
Those persons with periodontal pockets need both frequent professional care and
personal oral hygiene. Subgingival scaling can have a dramatic effect on the
24539 Scaling and optimal plaque control can resolve inflammation

B F2L=628

flora of pockets.

and reduce pocket dept Scaling, root planing and oral hygiene can

cause significant gains in clinical attachment as determined by periodontal

£27,629-f31 gealing and hygiene can even perform as well on attachment

632035

probing.
»ain as subgingival curettage or other surgical procedures.
Inflammation in the healing wound is a primary factor in determining the
resultant clinical attachment. Epithelium will most likely extend to the depth
of the inflammation.”3">%3Y Patients with poor personal hygicne performance
before new attachment therapy werce found to not have a significant gain of

636 Those persons with poor hygiene postoperatively were

496,037,638

attachment clinically.
found to have a loss of attachment. Even with careful experimental
control of hygiene, the junctional epithelium may migrate to the depth of root
planing, but the health of the junctional epithelium and connective tissue in

the new dentogingival junction will be resistant to probing."ggvSOO With control
of hygiene and the prevention of postoperative inflammation, significant bone
regeneration occurs. 35,496 498 639 640 Eyan in the difficult to manage furcation,
postoperative hygiene can result in significant bone regenerat jon, 01,647

Long-term case histories and clinical studies of patients treated for periodontal

disease attest to the importance of professional maintenance and personal hygiene
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by the patient,l157,301,408,635,643-049  Aciording te Feinstein,V™"

clinicians
constantly perform "ecxperiments', the experimental material being a person,
prepuared by nature, who has much to say about who the investigator will be, and
the time, place, and the goal., of the experiment. The clinician observes data
such as signs and symptoms of illnes, demographic, morphologic, and microbiologic
¢vidence. His purpose is to repeat a success of the past with well established
procedures. The enumeration of case successes is as scientifié as the titration
with a biuret or weighing with an analytical halance. Thus these long-term case
histories support the value of periodontal therapyv. A deepened sulcus or a long
epithelial attachment can be considered an acceptable resuit as long as there is
no otservation of data which show disease recurrerce.

One bit of evidence that the clinician caunnot readilyv carher is the hemical
state of the exposed root surface. The laboratory experi-ents in this area nace
not determined all the deleterious effects of root exposure nor the moet
beneficial methods with which to revitalize that surface. 1t is hopea that
patients will not have to shed too ~uch blocd in clinical “experiments’ before
the answers are provided."

It may be that, before long, chemicals »r biologic agents will be useu as
adjuncts to the steel of curettes and scalpels. An antibacterial agent to
complete the '"toilet of the cavity' after scraping away plaque and calculus
would probably help prevent infection. An agent that would dissociate and bind
up endotoxin, or a buffer solution that would ¢iut  adsorbed toxins and antigens,
appear to be sound, innovative and rational. Appli-ation of wurface binding
atents may improve the "plating efficiency” of connes tive tissuc cell adherence,
and perhaps prevent the apical migration of opithelium. TIn these experimental
developments, it seems well to remember, "Tirst, do no harm," and to avoid har h,
caustic chemicals.

The current status of new attachment therapy, which seems to be supported
by sound prior research, is that clinicians who employ it accomplish a new
dentogingival junction of a long epithelial attachment, backed up by healthy

collagenous connective tissue, which is functicnal and maintainable for a long

time. The key to success is the attention to hygienic measures.
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Fig. 1. Dotted line represents cut of internal gingival
incision leaving relatively constant connective tissue
gingival wound surface between epithelivm and al-
veolar process.
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Figure 3. Histologic section of tooth and gingiva, immediately after internal
bevel incision and removal of pocket lining to the depth of probing. (Rhesus
monkey, H and E stain, original magnification X10).

B

-




ACKNOWLEDGEMENTS

The author is indebted to Dr. Perry Ratcliff and to Dr. Fermin Carranza, Jr.,
Editor of the Journal of the Western Society of Periodontology, for permission
to use Fig. 1 and Fig. 2 from Periodont Abstr 14: 57, 1966.

The exceptionally
fine work of manuscript preparation was the contribution of Ms. Myra Rouse and
Syd Kline.




UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)
READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
~ REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
- 4. TITLE (and Subtitie) .. ... . . - L v S. TYPE OF REPORT & PERIOD COVERED
{ -
A/‘TA COMPREHENSIVE REVIEW OF NEW ATTACHMENT THERAPY./
- = 2 /

_--+.f _PERFORMING ORG. REPORT NUMBER
4/ NDRI-PR=81-01 g
L GONTRACT OR SRANT NUMBER(S)

— [7- AUTHORC(S)

//«) )l = g/;IRTHLIN/ Sy (/

e /'<.P7;J 7

4 7
9. PERFORMING ORGANIZATION NAME AND ADDRESS 7. PROGRAM ELEMENT. PROJECT, TASK
aval Dental Research Institute A & WORK UNIT NUMBERS
aval Base, Bldg. 1-H AL . ()
Great Lakes, 1L 60088 Mo /V 1. A7 63706N MODISPNOD3 . 3010
E 11. CONT NG OFFICE O ADDRESS == ..-{ 12. REPQRT DATE
| [Naval MedIcal Research and Development Command - .
N Naval Medical C '//vJANUARY1981 ;
ational Nava edical Center e:mumﬂ OF RAGES  , T
Bethesda, MD 20014 76 R 2
14. MONITORING AGENCY NAME & ADDRESS(i! different from Controlling Office) 18. SECURITY CLASS. (of thia teport)
Bureau of Medicine and Surgery UNCLASSTFIED
Department of the Navy
Washington, D. C. 20372 15a og:gassn{uc:xﬂou/DownanDmG

16. DISTRIBUTION STATEMENT (of this Report)

This document has been approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20, It different from Report)

' This document has been approved for public release; distribution unlimited.

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse alde if neceesary and ldentify by block number)
Dentistry Regeneration (physiology)
Surgery
Healing .
Epithelium
Connective tissue

20. ABSTRACT (Continue on reverse aide if necessary and identify by block number)

" Dental surgical procedures have developed over the years based on strong
clinical impression and empirical practices. Important advances have been
made in the field ¢ clinical trials both in measurement of conditions and
in analysis of clinical data. Many articles in the past have dwelled upon \
methods of handling soft tissues and bony defects, while recently there has
been interest in the treatment of the diseased root surface. This report
is a review of the literature in 1980, and highlights the biological nature
of the healing dentogingiv

oD |:2:"n 1473 eoimion or 1 NOV es 1S OBsOLETE / ' 1 ) ',7 )
S-N 0102+ LF- 014- 6601 v

S PP

i
‘ICURITV CLASSIFICATION OF THIS PAGE (When Date Bntered)

PR SRS




UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

g S/N G102 LF- 014 660)

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Date Bntered)




