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AAP Centennial Commentary: Theme 9

Treatment of Periodontitis: Destroyed Periodontal Tissues
Can Be Regenerated Under Certain Conditions

William V. Giannobile*

therapy is the preservation of the dentition in a

state of health and, when indicated, regeneration of
attachment apparatus structures lost as a result of
the disease.! However, over the last century, peri-
odontology’s path toward regeneration of a previously
destroyed periodontal apparatus has been chal-
lenged, even today where debates continue if clini-
cians should even attempt periodontal regeneration.
Periodontal-restorative dilemmas exist as to whether
to save a tooth with limited periodontium or extract it
and place a dental implant. This American Academy
of Periodontology Centennial reflection highlights
some of the advances that have paved the way to
make periodontal regeneration a clinical reality.

Prior to the era of modern periodontology, the
general belief in the field was that the diseased sup-
porting bone around the teeth in periodontitis was
infected or necrotic and that it should be eliminated.
Given that periodontitis was considered an irrevers-
ible loss of connective tissue and supporting alveolar
bone, the approaches were primarily resective to re-
move such contaminated osseous tissue. In 1935,
Rudolf Kronfeld demonstrated that the alveolar bone
in disease was neither necrotic nor infected.? He
emphasized that inflammation control was the key to
the treatment of periodontitis. Kronfeld, a student of
Bernhard Gottlieb, represented one of the first of the
group of eminent physician—dentist scientists from
Austria who left the University of Vienna to populate
dental schools in the United States. During the late
1920s to late 1930s, the Viennese exodus included
founders of modern periodontology such as Bernhard
Gottlieb, Balint Orban, Peter Weinmann, and Harry
Sicher.3 It was these academicians who greatly
influenced the more biologic basis of periodontal
diseases and synergized with Chicago-based clinical
scholars who had expertise in restorative dentistry.
They were able to exploit recent advances in micro-
scopic anatomy and histology to unravel some of the
key issues involved in periodontal diseases at that time.

It is well accepted that a major goal of periodontal
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Following Kronfeld’s work, Orban (another student
of Gottlieb’s) extended this approach of targeting
inflammation with the surgical treatment of the gin-
givae and removal of the diseased tissue via gingi-
vectomy.? Further along the lines of resection, Saul
Schluger emphasized the renewed focus on alveolar
bone with his well-recognized concepts on osseous
resective surgery.’ It was his theory which idealized
that reshaping the bony topography, not the infection
itself, was critically important to a better long-term
stability of both osseous and gingival architecture
after disease. At the same time, Jens Waerhaug
demonstrated that scaling and root planing of a dis-
eased root surface could lead to the resolution of
inflammation and re-formation of a normal epithelial
cuff.® Waerhaug’s study was an early example of
periodontal “repair,” whereby the lost periodontium
resulted in healing by tissue that does not fully restore
the architecture or the function of the part. In most
cases, a long junctional epithelial attachment forms
without corresponding supporting structures after
therapy. The concept of periodontal “regeneration”
was not considered possible as defined as the re-
production or reconstitution of a lost or injured part,
i.e., the re-formation of supporting alveolar bone,
periodontal ligament (PDL), and cementum.”

Despite some of the controversies regarding the
possibility, the field began to embrace the concept that
the periodontium had regenerative capabilities limited
not only to the soft tissue, but that periodontal support
could be “repaired” following microbial contamination
of the tooth surface. It was believed that once the root
was infected, the supporting apparatus in its totality
could not be re-formed. The repair concept was
demonstrated by Jack Caton, Sture Nyman, and
Helmut Zander in a classic histologic study.® They
evaluated the healing after scaling and root planing or
modified Widman flap surgery with/without bone re-
placement grafts (i.e., autografts or alloplasts). They
showed that these “regenerative” treatments failed to
result in a new attachment to the diseased root sur-
face, only an epithelial lining.8
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The classic Journal of Periodontology paper by
Tony Melcher, “On the Repair Potential of Peri-
odontal Tissues” (Google Scholar, April 21, 2014;
739 citations), was part of a lecture presentation at
the 50th anniversary of the New York University
College of Dentistry.? Melcher’s paper was more of
a hypothesis than a study on the compartmental-
ization of wound healing as a fundamental under-
pinning that eventually became guided tissue
regeneration (GTR). He illuminated the field on the
concept that the periodontium’s key components of
alveolar bone, cementum, PDL, and lamina propria of
the gingiva all play crucial roles in periodontal healing
and regeneration. He assimilated what was to become
stem cell biology for application to periodontal de-
velopment and repair. Melcher made the analogy
of the regenerative capacity within the endosteum of
the bone marrow to the lining of the alveolus by
the periodontal ligament. He highlighted how both
compartments were rich sources of cells possessing
a regenerative stem capacity; he also emphasized
how the PDL contributed in a major way to the healing
that occurs at the periodontal wound site, much like
the corresponding bone-covering periosteum with the
cambial and fibrous layers. These components are
rich sources of determined osteogenic progenitor
cells identified by Friedenstein for much of the
regenerative capacity of the periodontium.!® Much
later, Seo and coworkers confirmed Melcher’s pre-
diction of the multipotent nature of PDL stem cells
and their capacity to form different tissues including
bone, cartilage, and ligament (Google Scholar, April
21, 2014; 1,334 citations).!! This notion laid the
groundwork for the focus on directed wound re-
generation via the exclusion of the lamina propria of
the gingiva and epithelium with the progenitor cells
present in the PDL.

Sture Nyman, Jan Lindhe, Thorkild Karring, and
Harald Rylander tested Melcher’s hypothesis in a
human case as a proof-of-principle experiment. They
questioned whether epithelial exclusion (and now
known to also consider wound stabilization) of gin-
gival connective tissue and overlying epithelium
could promote regeneration on a previously diseased
tooth root surface.!? In this study (Google Scholar,
April 21, 2014; 1,028 citations), a single mandibular
incisor with advanced periodontal destruction was
treated using a cell-occlusive filter paper between the
osseous defect and a full-thickness flap comprising
the epithelium and connective tissue. A histologic
biopsy specimen was retrieved 3 months after the
surgical operation. Based on the microscopic evi-
dence, the authors concluded that the “...new at-
tachment can be achieved by cells originating from
the PDL and demonstrates the concept that the
periodontitis affected root surface is a major pre-
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ventive factor for new attachment is invalid.”!? This
landmark case report set the stage for more ex-
panded clinical studies in humans.'3!4 The GTR
concept has been adapted into the clinical practice
setting by the use of non-resorbable and resorbable
barrier biomaterials. Cell-occlusive membranes are
now used for tooth-related defects and for guided
bone regeneration (GBR) of the resorbed alveolar
bone ridge.!2-16

Coinciding with the advances occurring with GTR,
redgenerative biology was being considered at all
levels of periodontal therapy, leaving behind the
previously more commonplace resective or repar-
ative surgical approaches.!” The use of bone grafts
and transplants (autografts, allografts, or synthetic
biomaterials) had been ongoing. Schallhorn, Hiatt,
Froum, and others were showing cases of signifi-
cant osseous defect fill by bone grafts or transplants
in humans.!819 However, it was not until the classic
three-part series by Bowers and coworkers in the
late 1980s whereby more definitive evidence was
shown with exquisite histologic characterization
of the periodontal apparatus that was regenerated
on the previously diseased root surface.2%-22 In this
series of studies, bone allografts demonstrated the
ability to promote true periodontal regeneration in
humans. New attachment including bone, ligament,
and cementum was shown at the histologic level,
providing the “proof”’ by definition of periodontal
regeneration.

In the late 1990s and early 2000s, the concept of
enhancing the regeneration of the periodontium us-
ing either purified or molecularly cloned biologic
factors was applied to the human clinical scenario.
Early application of these modifiers included enamel
matrix derivative, a partially purified material from
the developing porcine tooth bud applied to peri-
odontal lesions to stimulate cementogenesis and
periodontal regeneration.23-2> Other recombinant
molecules were also shown to promote periodontal
repair or regeneration in humans including platelet-
derived growth factor-BB,2%-28 fibroblast growth
factor-2,29:30 growth and differentiation factor-5,31
and teriparatide.3? The use of biologic factors as
biomimetic molecules to enhance the regenerative
response is based on the rationale of the local en-
richment of natural biomolecules that may be deficient
in chronic periodontal wound sites. Bioengineering
concepts applied tissue engineering33 (Google
Scholar, April 25, 2014; 1,580 citations) for trans-
lation to the oral, dental, and craniofacial complex,
including the periodontium. There continues to be
the study of multi-pronged approaches using cell
transplantation, biologics, and scaffolding matri-
ces for the regeneration of tooth-supporting peri-
odontium.34
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In summary, there have been major advances in 16. Dahlin C, Linde A, Gottlow J, Nyman S. Healing of bone

periodontal biology for regeneration as a recapitulation
of the developmental process.3® The clinical reality
that periodontal structures lost due to chronic mi-
crobial biofilms and uncontrolled inflammation can
be regenerated offers a strong basis for long-term
tooth retention. The future suggests that new re-
generative innovations built on this solid foundation
can lead to greater predictability and a new era of
conservative preservation of the dentition.
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Editor’s Note: Please refer to J Periodontol 2014;85:1-2 for an introductory commentary by Kornman,
Robertson, and Williams explaining the AAP Centennial Commentaries, and to J Periodontol 2014;85:3-9 for
a comprehensive reading list of peer-reviewed papers (organized by theme) that helped shape the modern
practice of periodontics and current knowledge in periodontology.

AAP Members: Want to discuss any of the topics covered in the Centennial Commentaries? Share your
thoughts with your peers on AAP Connect’s Open Forum at Perio.org > Member Resources > AAP Connect.
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