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ABSTRACT

PERIODONTAL REGENERATION OF 1-, 2-, AND 3-WALLED INTRABONY DEFECTS
USING ACCELL CONNEXUS VERSUS® DEMINERALIZED FREEZE-DRIED BONE
ALLOGRAFT: A RANDOMIZED PARALLEL ARM CLINICAL CONTROL TRIAL

TERESITA L. ALSTON DMD,
PERIODONTICS, 2015

Thesis directed by: Peter M. Bertrand, DDS
CAPT (Ret), DC, USN
Professor
Naval Postgraduate Dental School

Introduction: Combination therapy, in guided tissue regeneration (GTR), is often used in
the treatment of intrabony defects. Particulate demineralized freeze- dried bone allograft
(DFDBA) is a bone grafting materials used successfully in GTR on humans for almost
30 years. A newer form of DFDBA, Accell Connexus® {(Accell), has been FDA approved
for use in periodontal regeneration which is the growth of new bone, cementum and
periodontal ligament on a previously diseased tooth root surface. Accell Connexus®
contains 5-7 times more bone morphogenic proteins (BMP) than the traditional
particulate DFDBA. This increase in BMP is thought to increase the potential of
periodontal regeneration.

Methods: A total of 30 patients diagnosed with severe periodontitis having an intrabony
defect with a probing depth of > 6 mm are included in this study. Customized plastic
stents were fabricated to obtain standardized clinical probing depth (PD) and clinical
attachment level of the defects at baseline, surgery, 6 and 12 months post-surgery.
Standardized digital radiographs were taken using a customized bite-plate and a
paralleling device for reproducibility of periapical radiographs at baseline and at 6 and
12 months after surgery. All participants received the same standardized surgical
approach for GTR combination therapy. After defect debridement, and before root
surface treatment with ethylenediaminetetraacetic acid (EDTA), the surgical team
opened the sealed envelope containing the name of the bone graft material randomized
to the participant's study number: DFDBA {(control) or Accell (test). Fifteen patients will
receive DFDBA and 15 patients Accell. Participants were re-evaluated to assess
postoperative healing at weeks 1, 2, 4, 6, 8, 12, and 16, and again at 6, 9 and 12
months. After the 12 month re-evaluation, participants continued periodontal
maintenance therapy with their providers. This interim data analysis compared changes
in plaque index, bleeding on probing, PD, CAL and radiographic bone levels at baseline,
6 and 12 months post-surgery using the Mann-Whitney U test.




Results: A total of 21 subjects have been enrolled in this study and surgery has been
completed on 20. Six month resuits have been finalized on 14 subjects and 1 year
results on 13 of the subjects. Three patients were exited. Two of the exited patients
were from the Accell group and 1 from the DFDBA group. At this time there were 13
complete sets of data therefore 13 sets of 6 month and 1 year results were analyzed
with 8 subjects in the DFDBA group and 5 in the Accell group for this interim analysis.
No significant difference was found with respect to bleeding on probing (BOP) or plaque
scores. The mean probing depth (PD) decreased from 7.6 to 3.8mm for Accell and from
8mm to 4mm for DFDBA. Mean gain of CAL was 3.4mm for Accell and 3.0mm for
DFDBA. Accell and DFDBA attained positive percent radiographic bone fill; 65.79%
and 59.9% respectively. The results were not statically significant.

Discussion: Definitive conclusions cannot be drawn at this time because 12 month
clinical measurements have been made in less than half of the subjects in the approved
sample size.

Conclusions: The data analysis at this point does not show any significant statistical
difference in clinical and radiographic outcomes between DFDBA and Accell. Both
bone graft materials resuited in improved clinical parameters.
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CHAPTER |: INTRODUCTION

According to the 4" Edition of the Glossary of Periodontal terms, periodontal
regeneration is the “reproduction or reconstitution of a lost or injured part” related to a
diseased periodontium. The periodontium consist of the periodontal ligament,
cementum and bone that surround the tooth. When these structures are destroyed due
to periodontal disease the bone is lost creating a horizontal defect (flat) or a vertical
intrabony defect. The potential to regenerate them is termed guided tissue regeneration
(GTR). Completing GTR for regeneration of an intrabony defect is more predictable than
for a horizontal defect. Over the years many specific techniques have been utilized
however one GTR technique is to employ the use of a barrier membrane with a bone
graft after the defect has been debrided and the root surface properly cleaned.

The purpose of the membrane is to allow for selective cell exclusion (Melcher,
1976). This means to prevent faster growing cells like the epithelium and connective
tissue or collectively termed the gingival corium from rapidly growing into the site where
slower growing cells; the periodontal ligament (PDL)} fibroblast, cementoblast and
osteoblast, would normally populate. This exclusion would allow for regeneration of the
lost parts of the periodontium. Two main types of barrier membranes exist resorbable
and non-resorbable. Resorbable collagen membranes prevent the need for a second
surgical procedure which must be done to remove a non-rescrbable membrane.

Although bone grafts are not always used in GTR procedures it has been shown
that the addition of a bone graft can enhance regeneration (Bowers 1989 a, b, ¢). There
are several types of bone grafting materials however the use of demineralized freeze

dried bone allograft (DFDBA) was the first type of bone graft material to histologically




demonstrate regeneration (Bowers 1989 b, ¢) and is considered the gold standard for
GTR with bone grafts. Newer forms of DFDBA have been formulated to include Accell
Connexus®, which is believed to increase the potential of regeneration due to its ability
to stay in place and its increased amount of bone morphgenic proteins (BMP).

If the combination of a membrane and a bone graft can enhance periodontial
regeneration; will the combination of a non-resorbable membrane and a newer form of

DFDBA, Accell Connexus®, further enhance periodontal regeneration?




Chapter ll: Review of the Literature
Overview

Techniques for the surgical treatment of intrabony defects has varied from; open flap
debridement, gingivectomy, osseous therapy, guided tissue regeneration (GTR), GTR with
bone graft, GTR with bone graft and membrane, laser therapy to extraction of the tooth.
Although completing a simple gingivectomy to address an intrabony lesion is no longer an
accepted standard of care (Schluger, 1949) all of the other surgical options are still utilized as
a standard form of care for intrabony defects. Of those treatment options GTR has been
employed since the early 1980’s. The concept of periodontal GTR was first described in
humans by Dr. Sture Nyman and colleges who found that a new connective tissue attachment
could form on a previously diseased root surface (Nyman, 1982). They tested a single severe,
chronic infected mandibular incisor having a clinical attachment level of 11mm and a 2mm
intrabony component at which point a crestal level notch was made in the tooth. After
degranulation along with scaling and root planning a Millipore filter non-resorbable membrane
was properly sized to cover an area coronai to the cemental enamel junction (CEJ) to slightly
beyond the bony crest. The site was sutured with the membrane slightly exposed and was
allowed to heal for three months. Histologically, they found collagen fibers inserting into newly
formed cementum Smm beyond the notch and bone regenerated only to the level of the bony
crest. This proved that regeneration could occur on a previously diseased root surface.

In the field of periodontics it is import to regenerate bone, cementum and the
periodontal ligament (PDL) that have been lost around teeth due pericdontitis. The hone,
cementum and PDL are also known as the periodontal attachment or periodontium. When
reconstituting these parts the process of GTR can be utilized. GTR is a procedure attempting

to restore lost periodontal structures through differential tissue responses (Melcher, 1976). The
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use of barrier technigues, using membranes such as polytetrafluoroethylene, expanded
polytetraftuoroethylene (ePTFE), polyglactin, polylactic acid, calcium sulfate and collagen, are
employed in the hope of excluding epithelium and the gingival corium from the root or existing
bone surface in the belief that they interfere with regeneration. Along with membranes, bone
substitutes can also be applicable in GTR. The use of both a membrane and bone grafts
together is termed combination therapy. Bone replacement grafts such as autografts, allograft,
isografts, xenografts and alloplast have been used (Bowers, 1989b; Bowers, 1989¢; Reynolds,
2003). In addition growth factors like; transforming growth (TGF), insulin like growth factor
(IGF), vascular endothelial growth factor (VEG-F), enamel matrix derivative (EMX) and platelet
derived growth factor (PDGF) have been used to assist in periodontat regeneration( Giannobile
2003; Marx 2004; Chong 20086). Some clinicians apply conditioners to prepare the root surface
for GTR with hopes that a chemically cleaner root surface would assist in gaining additional
new periodontal attachment beyond that of scaling root planning alone (Lafferty 1993.)

The following review of the literature wili address periodontitis and periodontal
regeneration as it relates to 1-, 2-, and 3-walled intrabony defects utilizing the GTR
technique with and without bone grafts. This literature review will also seek to find a
* possible difference in percentage of regenerated periodontium with Accell Connexus®, a
second generation demineralized freeze-dried bone allograft product that contains 5-7
times the amount of bone morphogenetic proteins (BMP) as regular demineralized freeze-
dried bone allograft (DFDBA) and compare it to traditional particulate DFDBA while

employing a porcine collagen membrane, Bio-Gide, as an exclusion barrier.




The Periodontium

The periodontium [(periodontal attachment and the gingival tissue (gums)] refers
to thé tissues that support teeth in the alveclus of the maxilla and the mandible (jaws).
The periodontium consists of gingiva, PDL, cementum and bone. The cementum
* surrounds the root surface and is attached to the alveolar housing (tooth socket) via the
PDL which suspends the tooth within the-alveolus. The gingival tissue is composed of
epithelium (oral, sucular and junctional) and supracrestal connective tissue fibers
located coronal to the level of the hone and PDL. The epithelial-lined sulcus or crevice
encircles teeth while the junctional epithelium forms a hemidesomal attachment to the
tooth surface (Péllanen, Salonen, & Uitto, 2000). The gingival soft tissue also consist of
gingival fibers that surrounds the tooth to assist in attaching the gingival tissue to the
cementum, holding the gingival tissues firmly against the tooth and preventing deflection

of the gingival tissue during mastication (Hassel, 1993).

Health

Figure 1. The Periodontium
in Health. From Page and
Schroeder Model of
Pathogenesis (1976). Used
with permission via personal
communication from author
Dr, Roy Page,




Page and Schroeder's Model of Pathogenesis (1976) with images for health,
gingivitis and periodontitis (Figures 1, 2 and 3) is the illustrator's model of heaith and
disease. Three types of epithelial tissues characterize the gingiva (see figure 1) : (1) the
keratinized oral epithelium (OE) that comprises the visible band of gingiva around the
teeth, (2) the sulcular epithelium (SE), which is the transition tissue at the edge of the
tooth, and (3) the specialized non-keratinized epithelium called the junctional epithelium
(JE) that lines the bottom of the gingival sulcus (GS). The JE is attached to the tooth
via hemidesmosomes which are made of adhesion proteins called integrins. In health
(Figure 1) the JE is the first barrier to prevent bacterial plaque from reaching the
underlying connective tissue and bone. The terms gingival sulcus (GS) and gingival
crevice are used interchangeably. Also in figure, 1 the image depicting “Health” shows
how the intact JE, supracrestal fibers (CO) and the PDL between the alveolar bone and
root surface support a tooth. The PDL fibers serve as the connective tissue support that
holds the tooth in place in the bone and heips cushion the tooth from forces when we
bite, chew or clench (Beertsen, McCulloch, & Sodek, 2000). The PDL contains
pressure receptors that are activated by tooth contact. The impulses generated by
these receptors are sent to the brain and used to help coordinate the sequencing of jaw

movement (Byers & Dong, 1989).

The Periodontium in Disease
Gingival inflammation or gingivitis is caused by bacterial plaque that when
allowed to remain in the GS for an extended period of time will cause a degree of

inflammation within the gingival tissues. The amount of time to develop gingivitis
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depends on the individual however the average range is 10- 21 days (Loe, Theilade &
Jensen, 1965). As seen in Page and Schroeder's “Gingivitis” diagram (Figure 2), the
integrity of JE is disturbed when inﬂammétory cells accumulate in the underlying
connective tissue. In gingivitis, the early form of periodontal disease, the gingival tissue
may become red, swollen and tender and often bleeds on manipulation i.e. brushing,
flossing and probing. While the supracrestal gingival fibers can become irritated, the

PDL attachment and the alveolar bone remain intact.

Gingivitis
Figure 2, The periodntium
with gingivitis. From Page
and Schroeder Model of
Pathogenesis {1976). Used
with permission via personal
communication from author
Dr. Roy Page.

Gingivitis transitions to periodontitis when the host’s immune response cannot
resist bacterial plaque and the inflammatory process (Weinman, 1941; Takata &
Donath, 1988). Destruction of connective tissue and alveolar bone, leading to possible
tooth loss, is a consequence of the interaction between the plague front and immune
response (Waerhaug 1977; Haffajee, Socransky & Goodson, 1983). This tissue
breakdown is clear in Page and Schroeder’s “Periodontitis” diagram (Figure 3). With

the onset of periodontitis, the gingival crevice becomes a deeper periodontal pocket,




with destruction of supracrestal gingival fibers, PDL, and the breakdown of the alveolar
bone. This process of connective tissue and bone destruction is called clinical

attachment loss.

Figure 3. The periodntium with
periodontitis. From Page and
Schroeder Model of Pathogenesis
(1976). Used with permission via
personai communication from
author Dr. Roy Page.

Clinical attachment loss is a measure of how much periodontal support has been
destroyed. It is assessed by gently inserting a periodontal probe into the GS or a
periodontal pocket to measure the distance from the CEJ to the base of the periodontal
pocket. The University of North Carolina (UNC) 15 periodontal probe has 1 mm
increments with color coding at the fifth, tenth and fifteenth millimeter. In health,
insertion of the periodontal probe is resisted by the intact connective tissue and probing
depths should measure 3 mm or Eesls. When periodontal disease is present, the
periodontal probe inserts more deeply into the pocket because the connective tissue
has been destroyed (Fowler, Garrett, Crigger & Engelberg, 1982). In a diseased state,

the probing depths will be 4 mm or greater, and the tissue may bleed upon probing
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(Armitage, Svanberg & Loe, 1977). Probing depth measurements aid in the diagnosis
of the severity of periodontal disease. It is not uncommon to have healthy and
significantly diseased locations within the same person and on the same tooth (Haffajee
& Socransky, 1986).

As the disease process continues and more connective tissue is lost, bone loss
becomes evident on radiographs. Once sufficient mineral content in the bone has been
destroyed (Bender, 1961). The radiograph provides a visual tool for detecting and
characterizing intrabony defepts {(Rees, 1971). However, clinical detection of attachment
loss, indicated by deeper probing depths, usually precedes radiographic evidence of
bone loss by a period of six to eight months (Goodson, Haffajee & Socransky, 1984).
Probing depths, clinical attachment level (CAL), and radiographs help clinicians assess
extent (localized or generalized), duration {chronic or aggressive) and severity (mild,
moderate or severe) of periodontal disease which will assist in rendering the appropriate

-treatment. Radiographs assist in determining whether bone loss is horizontal, vertical,
or a combination of the two. A normal bony pattern is shown in figure 4a. Horizontal
defects appear on radiographs as bone that has decreased in a parallel manner to the
occlusat table (Figure 4b). Whereas in vertical defects, the bone is lost in a mode that
depicts an intrabony defect or a defect which appears to have a wall or multiple walls
surrounding a defects (Figure 4c). Although horizontal bone loss is often associated
with slowly progressing disease both horizontal and intrabony defects ¢an be seen in

chronic forms of periodontal disease.




Figure 4a shows a normal bony pattern in
which the bone level follows the cemental
enamel junction {CEJ} with no clinical loss
of bone.

Figure 4b shows horizontal bone loss where
the bone appears to recede away from the
CEJ evenly.

Figure 4¢ shows vertical bone loss on the
mesial and distal of #14. Note that the
bone appears to have lost a wall buccal or
lingually.

Used with permission by the author of this
thesis, LCDR Teresita Alston.

Combination defects are sometimes difficult to see radiographiclly. However a
combination defect can be seen in figure 4c on the mesial of #14. Note that the tooth
has lost bone in a vertical configuration however the mesial of #14 also radiographiclly
presents with a difference in color contrast. The difference in contract may be a
combination 1, 2, 6r 3 wall vertical, intrabony, defect. However one can only make an
assumption using radiographs as to the type of vertical defect because vertical defects
are better visualized surgically and can often be missed radiographiclly if they are less
than 3mm (Paul and Trott, 1966). Below is a surgically exposed example of a 3 walled

intrabony defect on a mandibular second molar.
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Figure 5. This depicts a three walled defect. Used with
permission from the author of this thesis, LCDR Teresita
Alston.

The Etiology of Periodontitis

The prerequisite for developing periodontitis is gingivitis, which develops within 1
3 weeks of bacterial plague contact with the gingival tissues (Lde, Theilade, Jensen,
1965). Although gingivitis is a must to progress to periodontitis not all individuals who
develop gingivitis will progress to periodontitis. In fact, the etiology of bone loss in
periodontics is due to bacterial plaque in a susceptible host (Waerhaug, 1977; Page,
1992). One can become prone to periodontitis due to systemic diseases, genetics, local
factors (calculus, poorly placed restorations, tooth anatomy, root fractures), oral
infections (Armitage, 1999), smoking (Haber, Wattles, Crowley, Mandell, Joshipura &

Kent, 1993; Tomar& Asma, 2000) or viruses, (Contreras & Slots, 2000).
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The local factor, calculus, is often seen in individuats with periodontitis and
calculus can assist in further destruction of bone. Within the oral cavity calculus is
covered by a layer of plague which may contain a variety of bacteria both non-
pathogenic and pathogenic (Socransky, Haffajee, & Smith, 1998). Aithough living
bacteria can be harmful it has been demonstrated in an animal model that even sterile
calculus can cause a foreign body reaction (Alien & Kerr, 1965). This showed that
calculus, even sterile, can cause an issue within an otherwise healthy environment.
Although we know calculus can cause a reaction it is sometimes difficult to detect
clinically and on radiographs. It has been shown that radiographs have a low sensitivity
and a high specificity and that the detection of calcuius is subjective to its thickness
(Buchananan, Jenderseck, Granet, Kircos, Chambers & Robeertson, 1987). Even
though calculus at times may be difficult to detect it should be removed to prevent
destruction or lessen the severity of the destruction.

The level of destruction is often dependent on the type if bacterial microflora
involved. The bacterial microflora exists in complexes in subgingival plaque and has
been divided into five major color coded complexes (Socransky, Haffajee, & Smith,
1998). Not all complexes are associated with periodontitis however the more virulent
bacteria are found in the red complex. According to Socransky, 1998 the gram negative
red complex which consist of Bacteroides forsythus, Porphyromonas gingivalis and
Treponema denticola are highly related to increase pocket depth and bleeding on
probing. Aggregatibacter actinomycetemcomitans, formally, Actinobacillus, is found
within the green complex however multiple serotypes exist (Yang, 2004). However one

serotype, serotype b, though it may cause destructive periodontal disease is not within
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the green spectrum. Orange complex bacteria, Fusobacterium nucleatum, Prevolella
intermedia, Prevotella nigrescens and Peptostreptococcus micros, have also been
shown populate diseased sites. Those gram negative bacteria as well as others have
been found to be associated with active periodontal lesions (Kornman, 1986). Again not
all gram negative bacteria are associated with active periodontal disease. In several
.studies, Bacieroides infermedius. "fusiform" Bacteroides. Actinobacitius
aeiinomyeetemeoniitans and Woiinella recia. Fusobacterium nucleatum.
Capnoeyiophaga gingivalis and Eikenella corrodens were found in higher numbers in

non-active sites (Dzink, Tanner, Haffajee & Socransky, 1985).

Smoking and Periodontitis

Smoking can increase ones risk of developing more severe periodontal disease
(Haber, Wattles, Crowley, Mandell, Joshipura & Kent, 1993). In fact it is believed that
smokers account for 41.9% of periodontitis cases and former smokers account for
another 10.9% of periodontitis (Tomar& Asma, 2000). In the NHANES study conducted
between 1988 and 1994 found that 27.9% of the U.S. populations are smokers and
23.3% are former smokers (Tomar& Asma, 2000). Smoking can increase ones risk of
developing more severe periodontal disease more rapidly (Haber, Wattles, Crowley,
Mandell, Joshipura & Kent, 1993; Stoltenberg, Osborn, Pihlstrom, Herzberg, Aeppli,
Wolff & Fischer, 1993; Tomar& Asma, 2000). Even in those with very low levels of
plague increase their risk. According to the AAP 1999 position paper when plaque
levels were adjusted for in several studies, smokers had greater probing depths, clinical

attachment loss and bone loss. Bergstrom, Eliasson and Preber, 1991 completed a
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study with Swedish dental hygienist and found that smokers had 1.71mm of bone loss
compared to 1.45mm in hon-smokers. This demonstrated that even in the presence of
good oral hygiene smoking leads to greater loss of attachment.

When studying the bacteria found in the pockets of those who smoked, one
study found that smokers have a greater extent of colonization of red and orange
complex bacteria in pocket depths less than 4 mm (Haffajee & Socransky, 2001)
however other studies determined that there was no significant difference in any
combination of bacteria when they compared smokers to non-smokers (Bergstrom,
Linder,1992; Stoltenberg, Oshorn, Pihlstrom, Herzberg, Aeppli, Wolff, Fischer, 1993).
Nevertheless there was a difference in treatment outcome when it came to treating
smokers who had periodontial disease. In a studying comparing heavy smokers (more
than 19 cigarettes per day) to light smokers (less than 19 cigarettes per day), former
smokers and never smokers, smokers responded less favorable to periodontal therapy
(Ah, Johnson, Kaldahl, Patil & Kalkwarf, 1994; Kaldahi, Johnson, Patil, Kalkwarf, 1996).
Although less favorable smokers did respond positively to treatment (Kaldahl, Johnéon,
Patil, Kalkwarf, 1996; Rosen, Marks, Renolds, 1996). Preber and Bergstrom (1986)
attained a slight difference in probing depth reduction 1.1mm in smokers and 1.2mm in
non-smokers in probing depths of 4-6mm with non-surgical therapy. When periodontal
regenerative therapy using DFDBA in 110 intrabony lesions was carried out and
followed for 1, 2 and 5 years it was noted that both smokers and non-smokers had an
improvement in clinical attachment levels (2.7mm : 3.4mm), plaque score, and probing
depths (3.0mm : 3.8mm) at one year post surgery. However smokers had significantly

inferior CAL gain (smokers 29.2%: non-smokers 42.5%) when compared to
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pretreatment parameters at 1, 2 and 5 years post-surgery (Rosen, Marks, Reynolds,
19986). However if smokers stopped smoking they may experience the same healing as
those who never smoked (Grossi, Zambon, Machtei, Schifferle, Andeeana, Genco,
Cummins & Harrap, 1997).

Although bone loss can become more severe due to certain systemic diseases,
necrotizing disease, periodontial abscess, combination endodontic/ periodontic lesions
or developmental/ acquired deformities (Armitage, 1999) this literature review will not *

cover those topics.

Treatment of Periodontitis

All periodontal patients should have a review of their medical history; head and
neck exam,; full mouth periodontal examination and a full mouth series of rédiographs or
a comparable radiographic assessment. A full mouth periodontal examination should
record a minimum of PD, CAL, BOP, recession (amount of root seen clinically),
furcation involvement, purulence, plague and mobility. After the review of the medical
history; the complete periodontal evaluation and review of radiographs a diagnosis can
be made. Schallhorn published an article in 1977 that presented a flow for the
treatment osseous defects however can be applied to other treatment. The author
pointed out that once the diagnosis has been formulated the first phase of periodontal
treatment can take place followed by different ways to proceed to the next phase or
move among the phases of periodontal treatment. In the first phase, the patient would
receive palliative care; extraction of hopeless teeth due to periodontal reasons or

otherwise; oral hygiene instructions (OHI) on the proper techniques of oral hygiene
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along with initial therapy; and any other procedure the clinician believes must be taken
care of prior to re-evaluation. initial therapy consists of removal the plaque and calculus
accumulation both supra and subgingivally non-surgically. The removal of accretions
from the root along with diseased cememtum is called scaling and root planning (SRP).
Many people refer to this as a deep cleaning. Although this is call a deep cleaning the
effectiveness of SRP decreases as the pocket depth becomes deeper. Stambaugh
(1981) found that a PD beyond 3.73mm the efficacy of SRP is less. That study
confirmed a previous study conducted on teeth that underwent SRP, by experienced
hygienist, on teeth at various PD then extracted them to see the effectiveness of SRP.
The study found that the deeper the site the greater the percentage of deposits are left
on the root. In fact, a PD greater than 3mm left calculus behind 17% of the time; PD
between 3-5mm calculus was left behind 61% of the time and PD greater than 5mm
calculus was behind 89% of the time (Waerhaug, 1978). Therefore the predictability of
effectively cleaning PD greater than 4mm is greatly decreased with non-surgical
therapy. After a period of 4-6 weeks patients are re-evaluated to assess their response
to initial therapy (Proye, 1982). If the patient has residual areas of deep probing depths
(>4mm) with signs of inflammation like BOP then the clinician may decide that surgical
corrective therapy may be the best option for the patient.

The goal of non-surgical periodontal therapy is to reduce the PD and gain clinical
attachment which would allow for the patient to better clean their mouth; better access
for professional care which would allow for a healthy oral environment. It is not different
for corrective surgical treatment. Except now in order to properly clean the area the

surgeon must have access to the area by reflecting a soft tissue flap. Corrective surgical
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therapy may be OFD; osseous resective therapy, or regeneration. All of these forms of
treatment require a flap to be reflected so that the bone and roots can be accessed.
OFD implies that a flap is reflected; the defect is debrided and the roots are cleaned via
SRP. The flap is then sutured back in place and allowed to heal. This may be a good
surgical option for shallow defects however this would not be a good treatment decision
for moderate to deep defects. Osseous resective surgery is basically the same as OFD
however some of the soft tissue is remove or is apically positioned and the non-
supporting alveolar bone is plastied and ostectomy of supporting bone to allow for a
positive bony architecture (Selipsky, 1976; Tibbetts L, Ochsenbein C, Loughlin D, 1976;
Ochsenbein, 1986). The site is then sutured and allowed to heal with more tooth
structure exposed to the oral cavity. The down side to osseous resective surgery is the
possibility of sensitivity due to root exposure and esthetic concerns due both root
exposure and long appearing teeth. In contrast, with periodontal regeneration the soft
tissue is not usually resected however the bone may be slightly recontoured to better
develop the site for graft containment. Like OFD and osseous resective therapies the
defect is debrided and the roots are cleaned. The defect may now receive monotherapy:
cover the defect with a membrane, GTR; bone graft placed into the defect without a
membrane; or combination therapy, placement of a bone graft followed by coverage
with a membrane. The site is then sutured gaining primary closure (proximation of the
wound edges). Although all three forms of regeneration is effective it has been shown
that combination therapy is the most effective in the long term (McClain, 1993; Luepke,

1997; Reynolds, 2003, Avila-Ortiz, 2015).
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Guided Tissue Regeneration

Nyman is credited with completing the first guided tissue regeneration (GTR)
procedure in 1982. Since Nyman’s initial use of GTR, many dentists as well as Nyman
have tried to improve techniques and materials to make compietion of GTR more user
friendly. However when completing GTR procedures one must consider several factors.
Factors that influence how much regeneration occurs were documented in 1986 by
Gottlow et al. Gottlow stated that “the degree of gingival recession that occurs during
healing; the morphology of the periodontal defect, and the amount of remaining
periodontum are all factors to consider when planning GTR. GTR is a procedure in
which three of the four tissues of a diseased periodontum are regenerated and the
fourth is excluded by a member barrier. The bone, cememtum and periodontal ligament
are desired tissues for regeneration as they contain cells which form those structures.
The periodontal ligament contains cells which can produce all three components
(Gottlow 1982). When grafting one must always consider the three factors stated earlier
by Gattlow however, morphology and remaining periodontum seem to be a bit more

important.

When considering morphology the number of walls a defect has is important. It is
known that a three walled defect is the most predictable followed by a two wall defect.
One and zero wall defects are difficult to obtain good bone fill. The remaining
periodontum goes somewhat hand in hand with morphology however it takes into
account the width and depth of the defect. Deep, narrow followed by shallow, wide

defects are better for grafting as blood supply would be greatest and one would likely
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get regeneration up to the alveolar crest. On the other hand deep, wide defects would
have less blood supply coming from the surrounding bone and thus not the best defect
for grafting procedures. Overall deep, narrow, three wall defects are the most
predictable and favorable sites for GTR (Becker W, Becker B; 1993). According to one
study the average bone fill of intrabony defects using GTR are: three wall 95%, two wall
82% and one wall 39% (Cortellni 1993). That study also found that there was a 4.7mm
reduction of the intrabony defect and that 90% of the sites gained 2mm or more of bone
fili and no site lost supporting bone. The fourth tissue of the periodontum is the
epithelium which is excluded in GTR. If the epithelium is not excluded then one is likely
to get more epithelium than the other three structures which are important in securing
the tooth. The more bone, cementum, and periodontal ligament that can be
regenerated around the tooth the better or more successful the GTR procedure
especially if one can achieve a long term outcome and there have been reports greater

than fifteen years (Cortellini 2004).

GTR can be done without or with a bone graft (combination therapy) and with
apparently the same success rate as with bone grafts (Trejo 2000). Trejo found that
when comparing GTR to GTR with a bone graft that PD, CAL and recession were not
statistically different. However Luepke (1997) found in a study comparing the use of a
bioresorbable membrane with and without DFDBA and found that the use of a bone
graft increased vertical bone height in furcations. In a different study comparing GTR to
combination therapy; it was found that sites treated with a bone grafi were more stable

over the 5 year period. The resuits of that study also showed that more furcation sites
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obtained complete bone fill and maintain the bone fill when compared to the site treated

by GTR alone. (McClain, 1993)

Although GTR is an effective form of treatment for bony defects the long term
stability of sites treated with combination therapy has better success. The uitimate fate
of a bone graft is to turnover into the patient's bone and that turned over bone should be
unified with the surrounding bone. Although an autograft has bone forming cells within
the graft the patient may hot want to have a second surgical site to obtain bone. An
allograft maybe a good alternative as a second surgical site is not required. The
autograft may have the osseogenic advantage over allografts specifically DFDBA in and
extraction socket (Becker, 1994) however it has been shown that allografts are effective
in GTR procedures. Mellonig (1984) found in a study with 32 test teeth and 15 controls,
open flap debridement, having a reentry period of 6-13 months that there was greater
bone repair 2.57mm and less crestal bone resorption 0.47mm than in sites not treated
with a bone graft which had 1.26mm of repair and 1.26mm of crestal bone resorption.
They also had a CAL gain of 2.91mm with the bone graft compared to 1.53mm in the
sites not receiving a bone graft. That study aiso presented the data in percentage of
bone fill. The sites treated with DFDBA had 78% of sites with complete or greater than
50% bone fill whereas the control had only 40% have complete or greater than 50%

bone fill.

Materials Used in Combination Therapy

Root Surface Conditioners
Several types of root surface cleaners or conditioners have been used to assist

cleaning the tooth's root surface in periodontal regeneration. Citric acid, tetracycline
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and ethylenediaminetetraacetic acid (EDTA) are a few examples of root surfaces
conditioners that have been used. According to a systematic review the use of these
products to modify the root surface had no benefit with regards to improvement in the
clinical outcome over scaling and root planning alone (Mariotti, 2003). However in an in-
vitro study testing tetracycline HCL showed that tetracycline treated root surfaces
increased the binding of fibronectin which in turn stimulated fibroblast attachment and
growth as well as subduing epithelial attachment and growth. (Terranova et al, 1986).
This study demonstrated that tetracycline HCL had a positive effect on fibroblast growth
and a negative effect on the growth of epithelium. In a comparative study viewing
extracted teeth under SEM showed that teeth treated with tetracycline HCL or citric
acid (pH=1) for 5 minutes without burnishing showed removal of the smear layer
thereby exposing the dentinal tubules and rendering a surface devoid of debris found on
surfaces that had only been root planned (Lafferty, 1993). Therefore both tetracycline
and citric acid had the ability to better cleanse the root surface better than root surfaces
that were only scaled and root planned. 24% EDTA can provide the same results as
citric acid and tetracycline according to a study completed on teeth that were SRP only,
SRP and treated with EDTA or treated with EDTA only then immediately extracted and
viewed under scanning electron microscope (SEM) or used- to culture human PDL
fibroblast for 24 hours. In that study it was found that the SRP only teeth as well and
the EDTA treated only teeth still had areas of bacterial accumulation and a failure of
PDL cells to adhere to the root surface. However teeth that had heen SRP followed by 4
minutes of EDTA treatment the smear layer was removed and round to oval dentinal

tubules were exposed along with the observations of collagen fibrils. This group also
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showed a significant increase in the number of fibroblast cell attachment (Gamal, 2003).
This proved that EDTA could remove the smear layer providing a cleaner surface with a

greater potential for cells to attach and grow.

Bone Grafts

In combination therapy, a bone graft is utilized and can be autografts, allografts,
isografts, xenografts, or alloplast. These bone grafts may have osteogenic,
osteoinductive or osteoconductive capabilities. The purpose for using the specific type
of bone lies within the properties of the graft used; however, the end result of its use is
always to see a clinical and or radiographic increase in bone. It has been shown in
many studies that a membrane without bone grafting can increase the fill of bone in
defects (Bowers 1989, Becker 1993, Cortellini 2004). However there have also been
studies which found that the addition of a bone graft (DFDBA} with a membrane had no
extra benefit when compared to a membrane atone (Chen 1995, Gottlow 1986). Altiere
in 1979 reported that "nongrafting procedures may be more effective in generating new
attachments or reattachments in human periodontal osseous defect than previously
believed.” All be it, a 2003 systematic review by Reynolds showed that combination
therapy in general had a greater benefit due to their ability to decrease crestal bone loss

and increase bone levels.

Autografts are transferred from one site to ancther site in the same individual
(American Academy of Periodontology Glossary of Periodontal Terms 2001) and has
the greatest potential for osteogenesis because it contains osteoblast from the patient.
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Autografts can be taken from the maxiflary tuberosity, the ramus, tori, exostoses or from

a recent extraction site to name a few.

Allografts are transferred from geneticé[!y dissimilar individuals of the same
species (American Academy of Periodontology Glossary of Periodontal Terms 2001).
They can be osteoconductive or osteoinductive. Allografts are divided into two
categories freeze dried hone allograft (FDBA) and demineralized freeze dried bone
allograft (DFDBA). FDBA is only osteoconductive meaning it can only be used as a
scaffold for bone to form on. DFDBA is potentially ostecinductive because it contains
exposed growth factors, collagen, and BMP which can induce the surrounding tissues to
produce osteoblast which produces bone. Urist, in 1975, discovered that human bone
could undergo chemical extraction that would make it usefui as a bone graft material. A
study completed by Bowers (1989) found that intrabony defects grafted with DFDBA
had an increased amount of collagen, bone and periodontal ligament and therefore
enhanced new attachments apparatus formation and labeled DFDBA as osteoinductive.
However, Becker in 1994 reported that the study he conducted “questions the use of
DFDBA as a bone inductive graft material.” Although some authors may guestion the
use of DFDBA in GTR procedures, DFDBA has been used successfully for GTR

procedures in humans for almost 30 years. (Bowers, 1989).

Now a product distributed by Keystone Dental, Accell Connexus®, is a new bone
allograft material approved by the FDA for periodontal regeneration. [t is contains
DFBBA within a proprietary poloxamer reverse phase medium. The medium permits

the material to have a putty consistency and allows the practitioner to mold and shape
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the bone graft. Because it is moldable it is believed that Accell Connexus® will maintain
its shape and remain in place better than particulate DFDBA. Accell Connexus®
undergoes a slightly different processing from traditional DFDBA. The additional step
involves splitting a large sample of DFDBA into two parts. One part is dissolved
releasing growth factors and bone proteins that are isolated and extracted. That extract
is then added to the other half of the DFDBA and the reverse phase medium. This
process results in the increased concentration of BMP compared to traditional DFDBA
allowing Accell Connexus® to have 5-7 times more BMP than the particulate DFDBA
(Company information, Keystone Dental). The bone graft is then sterilized in the same

manner as particulate DFDBA which has been shown to preserve growth factors.

Isografts are from genetically identical individuals, usually identical twins
(American Academy of Periodontology Glossary of Periodontal Terms 2001). They are
much like allografts however these grafts contain the same genetic make-up of the

individual receiving the graft.

Xenografts or heterografts are from a different species (American Academy of
Periodontology Glossary of Periodontal Terms 2001). These grafts are usually bovine,

equine or porcine when it comes to use in humans. They are only osteoconductive .

Alloplast are synthetic or inert foreign body implanted into tissue (American
Academy of Periodontology Glossary of Periodontal Terms 2001). They are materials
such as bhioactive glass, calcium sulfate or beta tri- calcium phosphate and are only

osteoconductive.
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Barrier Membranes

Biologic membranes have been used to assist in the regeneration of bone,
cementum and the periodontal ligament. It is believed that if the gingiva, primarily the
epithelium, is excluded regeneration of the underlying periodontium can take place.
However if no barrier is present to prevent the epithelium from growing into the site of
regeneration then the new attachment will more than fikely be long junctional epithelial
(Bunyaratavej 2001). The junctional epithelium will reattach to enamel, cementum,
dentin and in some conditions calculus (Melcher 1976). Because epithelium grows at a
rate of 0.5mm per r;Iay which is faster than bone, cementum and the periodontal
ligament (Engler 1966) inhibiting these non-osteogenic cells from infiltrating the
regeneration site seems ideal. For that reason barrier membranes were introduced into
dentistry in the early 1980's. The first membranes were nonresorbable and required a
second surgery for removal. Not only do non-resorbable membranes require a second
surgery to be removed there were also problems associated with early membrane
exposure (Schailhorn, 1994). The resorbed membranes were introduced in dentistry
the late 1980’s and eliminated the need for a second surgery because these
membranes resorbed. However with the ability to resorb these membranes were subject
to a faster resorption when exposed to the oral environment. Therefore gaining primary

closure is very important to prevent a more rapid breakdown of the barrier membrane.
Nonresorbable verse Resorbahle Membranes

Both nonresorbable and resorbable membranes can be used in GTR. Some

authors have reported that with nonresorbable membranes there is an increase in soft
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tissue complications due to the membrane becoming exposed. Tal 2008 completed a
study on crossed linked and non-cross linked collagen membranes and found that 50%
of cross linked collagen membranes became exposed compared to 23.1% of non-cross
linked membranes. Although collagen membranes can also become exposed it seems
that resorbable membranes have become more popular. Zitzmann et al. 1997 stated
that with Gor-Tex, a nonresorbable membrane, had “44% wound dehiscences and/ or
premature membrane removal occurred” and that Bio-Gide, a resorbable membrane,
was “a useful alternative.” In a clinical comparative study between bioresorabable and
non-resorbable membranes Cortellini and colleagues (1996) concluded that clinically
significant CAL gains can be obtained with GTR procedures with both types of

membranes however less issues were associated with the bioresorbable membranes.

Nonresorbable Membranes

Polytetrafluroethylene (ePTFE) is comprised of a carbon chain with two fluorine
atoms for every carbon atom. The complete fluorination of the carbon chain, along with
the strength of the carbon-to-fluorine bonds, makes PTFE highly stable. This stability
results in a synthetic polymer that is non-resorbable, biologically inert, chemically non-

reactive (www.osteogenics.com cited 2012 October 30) and must be removed.

Examples of PTFE are Gor-Tex which was the first non-resorbable membrane on the
U.S. in the 1980’s and Cytoplast placed on the U.S. market in 1997

(www.osteogenics.com cited 2012 October 30).
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Synthetic Resorbable Membranes

These membranes are made from synthetic materials such as glycolide and
trimethylene carbonate copolymer fiber or glycolide and lactide copolymer

(www.goremedical.com cited 2012 October 30). Examples are Vicryl Mesh Polyglactin

910 and Polyglycolin Acid (Resolut XT).

Natural Resorbabhle Membranes

Collagen membranes are type | and/ or type Ill collagen from cows or pigs and
can be either cross-linked or noncross-linked. These membranes are hydrolyzed or
enzymatically degraded (Duskova et al.) therefore do not require removal. According to
one author “collagen membranes have the following properties: hemostasis, stimulation
of fibroblast by chemotaxis, acts as a support construction for the migration of fibroblast
to periodontal ligaments, easy to shape and adapts well to root surfaces, has low
antigeneicity and immunogenicity, and eliminates the need for a second surgery
because they are bioabsorbable” (Duskova M, et al, 2006). A few examples are Bio-

Gide porcine membranes, Biomend and Biomend Extend bovine membranes.
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Table of Types of Collagen Membranes

Cross Linked (C)}/ Resorption
Name Company Source*
Noncross Linked (N)* Rate*
Porcine dermis
Bio-Gide Geistlich collagen type 1 N 24 weeks
and 3
Bovine collagen
Biomend Zimmer Formaldehyde 8 weeks
type |
BioMend Bovine collagen
Zimmer Formaldehyde 18 weeks
Extend type |

Table 1. Examples of collagen resorbable membranes.
*Company Information

Membranes are derived from human tissues have been shown to have grater

| biocompatibility and immunogenicity (Xenoudi 2011, Chen 2010, Park 2009, Niknejad
2008, Duskova 2006, Kubo 2001). It has also been reported that they allow for more
rapid healing. One study reported, three days after surgery, the site containing a
cryopreserved amniotic membrane had more epithelialization than the control site which
did not contain a membrane (Valaz 2010). However that study also reported that at two
weeks both the sites containing the membrane and the control were clinically equal.
Dura Mater, Pericardium, and Placenta are donated human tissues that have been

utilized as membrane barriers.
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It seems that the use of a resorbable or nonresorbable membrane in GTR
procedures is acceptable. However the clinician must use their clinical judgement as to

which membrane is best for the patient.

Soft Tissue {Gingiva) Closure

The soft tissue covering the membrane should have primary closure and heal
rapidly. Rapid healing of the soft tissue from all sides is usually desired whenever a
wound occurs and there is scientific evidence that the healing of wounds occurs from all
borders regardiess of the type of tissue being repaired (Cutright 1969). Epithelium is
one of the fastest growing tissues as reports by Engler 1966. Engler found that
epithelium grows at a rate of 0.5mm per day. Although in many situations it would be
highly desired to have a wound heal with epithelium, it is not the tissue surgeons
consider ideal when it comes to GTR. One would rather have cells which form
connective tissue, cementum and bone. Over the years many techniques have been
tried to eliminate epithelial cells from infiltrating grafted sites. One method left denuded
bone at the time of mucoperiosteal surgery leaving the epithelium with a longer distance
to travel than the connective tissue. Because of this one would get a connective
attachment ahead of a long epithelial attachment (Pfeifer 1963). As one could imagine,
this procedure was reported in Pfeifer’s article as painful. Therefore it is better to have

bone covered during the healing process to prevent pain and possible infection.

The keratinized stratified squamous epithelium of the oral epithelium is in place

to withstand the forces of brushing, flossing, food particles contacting the gingival and
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etcetera. Sulcular epithelium is an extension of the oral epithelium however lacks
keratinizaton. Sulcular epithelium is on average 0.69mm (Gargiulo 1961). The
extension of the sulcular epithelium is the junctional e_pithelium and on average in a
normal healthy periodontium as reported by Gargiulo 1961 is 0.97mm. The junctional
epithelium often interferes with the desired healing in GTR if no barrier is in place to
exclude it. In the event that the junctional epithelium grows past its normal resting place
during wound healing it would then be called the long junctional epithelium. Apical to the
junctional epithelium is the connective tissue attachment which contains collagen type |,
[l and IV. The connective tissue contains gingival fibers which hold the free gingiva up
around the tooth like rubber bands which runs in different directions. The connective
tissue also anchors the gingival corium to the bone via Sharpey’s fibers and is the final
protective barrier prior to the bone. The gingival tissue is tightly bound to the bone by
its basement membrane. In an animal study completed by Hiatt et al. in 1968 found
that it took 225 grams of force on silk sutures to separate a flap from the tooth and hone
after two to three days of healing following mucoperiosteal flap surgery and at two
weeks the tissues could be partially separated using 340 grams. However using 1,700
grams of force after four to six months of healing the sutures puiled through the tissues
leaving the flap intact. This also demonstrated that “the strength of the epithelial
attachment to the root is greater than the attachment between cells (Hiatt 1968).
Although one would prefer a connective tissue attachment during would healing it has
been demonstrated in an animal models that a long junctional epithelium may be just as
effective as the connective tissue attachment to inflammation (Beaumount, 1984) and

the length of the long junctional epithelium does not play a role of gingival health
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(Magnusson, 1983). Although a connective tissue attachment may show no advantage
over a long junctional epithelium attachment in the animal model regeneration implies

that one would prefer the connective tissue attachment.

This review of the literature addressed periodontitis and periodontal regeneration
as it relates to intrabony defects utilizing the GTR techniques. Because there are no
published studies comparing DFDBA and Accell Connexus®, the present study will
address GTR as it relates to the comparison between DFDBA and Accell. This study will
attempt to find a difference in PD reduction; CAL gain, recession, as well as gain in
radiographic bone fill with the use of a Bio-Gide barrier membrane. Therefore the
objective of this research is to determine if Accell provides superior regeneration
compared to traditional DFDBA in intrabony defects. The hypothesis is that Accell
Connexus® provides periodontal regeneration that is superior to traditional DFDBA. The
sites treated with Accell will have better outcomes with respect to greater clinical
attachment level gain, which is the primary outcome measure, greater decrease in

probing depths, and more radiographic bone fill.
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CHAPTER Il
MATERIALS AND METHODS

Thirty subjects diagnosed with severe periodontitis are being enrolled in the study.
(Please see Appendix A1 for a flow diagram of the proposed study.) The findings of
their comprehensive periodontal evaluation such as probing depths (PD), clinical
attachment levels (CAL), and recession were recorded on the Navy Periodontal Chart
- Form - NAVMED 6660/2 (appendix B2) by the subject’s provider. Patient who met the
inclusion criteria (Please see Appendix ***for inclusion/ exclusion check list.) for the
study, were offered the opportunity to participate. The methodology for this study is

listed below in sequential order.
The inclusion and exclusion criteria for this study included the following:

Inclusion Criteria

a. Patient aged 218 years old
b. Patient will be remaining in the Capital region for at least 12 months foilowing
the surgical procedure for follow up appointments
c. Diagnosis of generalized or localized severe periodontitis
d. Radiographic evidence of a vertical intrabony defect at one or more sites with
a probing depth = 6 mm
I.  If the patient present with more than one defect site meeting inclusion
criteria, the site with the deepest probing depth will be used in the
study

Exclusion Criteria

a. Patient under the age of 18

b. Patient will be moving from the Capital region area prior to 12 months
following the surgical treatment

¢. Furcation involvement in combination with the intrabony defect determined
pre-surgically
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e =2 3

Patients with restorations extending beyond the cementoenamel junction at
the intrabony defect site

Patients with an indiscernible cementoenamel junction either clinically or
radiographically

Patients with periapical pathology, unrestored caries, defective restorations,
root resorption, or vertical root fracture

Patients requiring restorative dental care (fillings and crown and bridge work)
that cannot be completed prior to fabrication of the customized stent
Female patients who are pregnant or nursing

Patients who currently smoke tobacco or use tobacco products. Former
smokers will be excluded if they quit smoking < 6 months prior to selection
in the study.

Patients with clinically significant systemic diseases, which may affect
healing {€.g. uncontrolled diabetes).

Patients allergic to chlorhexidine gluconate (Peridex).

Patients allergic to tetracycline

. Patients with poor oral hygiene unsuitable for periodontal surgery

Patients who cannot or will not sign the informed consent form
Patients receiving immunosuppressive therapy such as chemotherapy and

systemic corticosteroids not to include inhaled or topical steroids

Patients with severe endocrine-induced bone diseases (e.g. hyper-
thyroidism, altered parathyroid function)

Teeth with intrabony defect have mobility classified as Miller class 2 or

greater

Patients with bleeding complications (e.g. hemophilia)

Patients on warfarin therapy

Patient with a history of osteoporosis or taking bisphosphonate

medications

Patients with a history of radiation therapy in the head and neck area
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Initial Sequence:

1. Patient is referred for a comprehensive periodontal evaluation.

2. Initial therapy in the form of scaling and root planing is accomplished by a
registered hygienist, periodontist, or periodontal resident.

3. 4 to 6 weeks following initial periodontal therapy, the patient's initial therapy is re-
evaluated to assess healing and oral hygiene.

4. A 2" full periodontal charting will be completed at re-evaluation; including
probing depth measurements, clinical attachment level measurements, bleeding
on probing, and plaque scores for each tooth.

5. Based on the re-evaluation a treatment plan will be developed for each patient.
Typical treatment plans are:

a. Maintenance therapy. No surgical treatment required; patient is
not a candidate for the study.
b. Surgical treatment required, but regenerative therapy is not
indicated, the patient is not a candidate for the study.
c. Intrabony vertical defect is present, but site has furcation
involvement. The patient is not a candidate for the study.
d. Intrabony vertical defect is present and regenerative therapy is
the treatment of choice. |
- Patient will be asked if he/she would like to participate in
the study and will then be provided a one page brief
about the study
i. If the patient consents to be in the study, the
therapy will continue as stated below
ii. If the patient does not consent to be in the study,
surgical therapy will continue as planned by the

patient's surgeon,

34




Foliowing Consent:

1. Maxillary and mandibular impressions using an irreversible hydrocolloid material

(alginate) will be made using stock impression trays; sized small, medium, or

large depending on the size of the subject’'s mouth. The impressions will be

poured with dental stone. The stone models of the subject’s jaws will be used to

fabricate a customized plastic stent to allow standardized measurements of the

surgical site.

a. Plastic stent fabrication:

A plastic stent for making probing depth measurements will be
fabricated utilizing the methods described by Isador 84 and Deas
04,

. A 2 mm thick co-polyester plastic dental splint material (biocryl

material) will be adapted to the stone model of the subject’s arch
utilizing a BioStar matrix machine.

The stent will be trimmed to end just above the height of contour of
the crowns of the teeth in order to visualize the gingiva.

A fissure bur (1169 bur) will be used to cut grooves in the
interproximal areas and along the buccal and lingual aspects of the
teeth being investigated. These grooves accommodate the
periodontal probe and allow the investigator to probe the same
location and with the same angulation at pre or post-surgical visits.
Following use the stent will be cleaned and disinfected with
Dispatch spray and stored in a ziplock plastic bag labeled with the
subject’s study number. The bag will be locked in a secured
drawer maintained by the primary examiner; and then retrieved for

measurements at 6 and 12 months.
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Fig 6: Example of the customized
stent used for data collection
Used with permission from the
author of this thesis, LCDR
Teresita Alston.

2. A customized bite-plate registration using the paralleling radiographic technique
will be fabricated for each patient to standardize radiographs at baseline and 6
and 12 months after surgery. |

i. A Rinn film holder used for the paralleling technique will be selected
based upon the size of the sensor used for the digital radiog‘raphs:
1. Size 1 for individuals with smaller mouths
2. Size 2 for individuals with larger mouths.
ii. Blu-mousse, a bite registration material, will be applied to each side
of the film holder where the teeth contact the holder>
1. Subjects bite into blu-mousse until the material hardens
(approximately 45 seconds).
2. The film holder is removed from the mouth.
3. The film holder is reinserted into the mouth and the subject

bites down to confirm that the bite is reproducible.
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iii. *Following use, the film holder will be cleaned and disinfected with
Dispatch spray and stored in a ziplock plastic bag labeled with the
subject’s study number and locked in a secured drawer maintained
by the primary examiner; and then retrieved for postoperative
radiographs at 6 and 12 months.

Fig 7. Sample customized holder for standardized radiographic using Blu
Mousse bite registration material Used with permission from the author of
this thesis, LCDR Teresita Alston.
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3. Prior to surgery, clinical parameters will be measured using the customized

plastic stent* and a UNC-15 periodontal probe. All clinical measurements will be

made by a blinded study investigator.

a.

Probing depth: measured in millimeters from the gingival margin to the
base of the pocket.

Clinical attachment level: Measured from the cementoenamel junction of
each tooth to the soft tissue base of the pocket.

Recession: Measured from the cementoenamel junction of the tooth to

the gingival margin.

. Bleeding on probing: 30 seconds following measurements of the probing

depth and clinical attachment level, the area will be re-examined.
i. The presence or absence of bleeding will be recorded on the data
collection sheet,
Plague score: The presence or absence of plaque at the defect site will

be recorded on the data collection sheet.

4. Prior to surgery, a standardized digital periapical radiograph will be made using

the customized bite-plate and the paralleling technique.
a. All radiographs made at NPDS are stored on the NNMC-DDILOCAL

radiographic database and are viewed using the software XrayVision
DCV. This database is secured. The database can only be accessed by
authorized CAC users. Radiographs are identified by the patient's full
name, social security number and date image was made.

Randomization Procedure:

1. A computer program will randomly sequence each subject’s study enroliment

numbers (1-30) as in the example below.

a. A random sequence table will be generated by the research coordinator

following IRB approval in order to maintain blinding of investigators.
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Table 2. Sample Random Sequence Generator:

http://iwww . random.org/seguences/?min=18&max=308&col=2&format=htmi&md=new

Group A. DFDBA Group B. Accell
2 4
25 15
30 28
14 10
24 6
1 21
11 7
5 26
19 17
13 9
16 12
22 23
3 20
29 27
18 : 8

Timestamp: 2012-05-31 18:54:03 UTC
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2. Thirty envelopes marked 1 -30 will contain either a card stating DFDBA or Accell.
Thereafter, the random sequence table will be placed in a sealed envelope that will
not be opened until all data has been collected. Sealed envelopes (1-30) will be
stored by the principal investigator in a locked drawer.

3. When each participant goes to surgery the investigator will provide the surgical team
the envelope corresponding to that subject’s enrollment number. The surgical team
will open the envelope and remove a card which will state which bone graft material
to place following debridement and categorization of the defect.

a. A surgical team member will check on the card whether the intrabony defect
was ideal for bone grafting, > 4mm in depth or less than ideal, < 4mm in
depth, and if a furcation was evident that was not detected pre-surgically.

i. Please note that surgical findings sometimes differ from pre-surgical
estimates of the surgical site.

One of the cards below will be sealed in each envelope (1-30).

Accell DFDBA
__ defect>4mm  — defect<dmm _defect>amm . defect<dmm
__ furcation evident __furcation evident

4. The completed card will be returned to the numbered envelope and resealed. The
study investigator will collect the sealed envelope and place it in the data collection
folder for each study participant that is stored by the principal investigator in a locked
drawer.

5. The study investigators who make the postsurgical clinical and radiographic
assessments at 6 and 12 months will be blinded to which bone graft material a given

participant received.
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Suraical Procedure:

Females of child bearing age will be asked to complete a HCG (human chorionic

gonadotropin) urinalysis prior to the surgical procedure. If the resuits of the HCG test

are positive, the subject will be exited from the study.

Prior to surgical procedure, in line with standard procedure at the Periodontics

Department participants will be offered the option of having the surgery performed

using: 1. only local anesthesia, or 2. a combination of oral anxiolysis with Triazolam and

local anesthesia, or 3. a combination of IV moderate sedation with Versed and Fentanyl

and local anesthesia. The use of sedation will not affect the surgical procedure.

1. The surgical provider will be either a board certified staff periodontist or a 2™ or 3™

year periodontal resident. All surgical providers will be briefed in the protocol. All

surgeries will follow the same steps listed below.

a. Surgical set-up is standardized for all surgeries done at the Naval

Postgraduate Dental School Periodontics Department.

b. Both the experimental (Accell) and control (DFDBA) materials will be

available to the surgeon. The bone graft material used will be determined

when the sealed envelope is opened by a surgical team member after the

défect has been debrided and characterized.

c. Surgical Procedure Steps:

vi.

Placement of normal saline |V

1. Administration of 8mg Dexamethasone IV

. Administration of oral anxiolysis or IV moderate sedation if patient

desired and indicated

Administration of topical and local anesthetic with any combination of
2% Lidocaine with 1:100K epinephrine, 4% Articane with 1:100K
epinephrine, and 0.5% Marcaine with 1:200K epinephrine

Sulcular incisions and full thickness reflection of the surgical flap
Debridement of the surgical site/defect to remove granulation tissue
and calculus using hand instruments and cavitron ultrasonic instrument

Characterization of the defect by a study investigator
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vil.

viii.

Xi.

Xii.

xifi.

Xiv.

1. Number of defect walls present: 1-, 2-, 3-walled defect or
combination defect
2. Depth of defect from CEJ to the base of the bony pocket
3. Depth of defect from the alveolar crest to the base of the bony
pocket
4. Mesial-distal defect width: Measured in the mesial-distal direction
from the tooth to the mesial or distal margin of the defect
5. Buccal-lingual defect depth: Measured in the buccal-lingual
direction from the buccal margin of the defect to the lingual
margin of the defect
6. Foliowing defect characterization, the investigator provides the
surgical team with the sealed envelope to determine which bone
graft material, Accell or DFDBA, the participant was randomized
to receive, and the investigator leaves the surgical suite.
The graft material will be prepared as defined by the manufacturing
instructions:
1. Hydration of the graft material with sterile saline - DFDBA
2. Graft material dispensed from syringe - Accell.
The root surface of the tooth bordering the defect site will be treated
with a 24% EDTA gel f for 4 minutes. The site will then be washed
with sterile saline for 1 minute.
Osteoplasty (reshaping unsupported the alveolar bone) will be
performed as needed
[ntramarrow penetration of the bone within the defect using a %
surgical round bur to induce bleeding in the defect site
Graft material (determined from the sealed envelope) placed into the
defect up to the level of the alveolar crest
Bio-Gide membrane trimmed and positioned to cover grafted defect
Primary flap closure achieved using a non-resorbable monofilament
suture (ie. Gore-tex)

Gauze pressure will be held on the site for 5 minutes to achieve
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hemostasis and reduce the size of the fibrin clot formed.

xv. Periodontal dressing may be placed over the surgical site.

xvi. Surgical team checks appropriate findings on randomization card,
reseals card in envelope, and envelope collected by investigator.

1. Envelopes will not be re-opened until after data analysis

Figure 8. Hydrated DFDBA

Figure 9. Accell Connexus®

Post-operative Care:
1. All participants receive the following post-operative regimen:
a. Pain medication consisting of any of the following alone or in

combination:

i. Ibuprofen 800 mg , Take 1 tab PO g8-8h for moderate pain

ii. Hydrocodone/Acetaminophen 5/325 mg, Take 1-2 tab PO g6h prn
severe/breakthrough pain

iii. Oxycodone/Acetaminophen 5/325mg, Take 1-2 tab PO g6h prn

severe/breakthrough pain
a3
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b. Pain medication for patients who cannot take NSAIDS will be
prescribed any of the following alone or in combinations:
i. Acetaminophen 325 mg, Take 1-2 tabs PO q4h for moderate pain
ii. Oxycodone 5mg, Take 1 tab PO q4h prn severe/breakthrough pain
c. Antibiotics consisting of either of the following:
i. Amoxicilin 500mg, Take 1 tab PO q8h for 10 days
ii. Clindamycin 300 mg, Take 1 tab PO g8h for 10 days
d. 0.12% Chlorhexidine, 1 bottle, Rinse and spit bid with 1 TBSP as
directed on the bottle
. All patients are provided with the standard post-operative instructions (See appendix
B3 for an example of the standard postoperative care instruction form).
Patients are recalled at 1 week to assess post-operative healing and remove
plaque/deposits on the surgical site.
Patients recalled at 2 weeks post-operative to assess healing, remove plaque, and
remove sutures at the surgical site.
. Patients recalled at weeks 4, 6, 8, 12, and 16 to assess healing, remove plaque, and
reinforce oral hygiene.
Patients recalled at 6 months following the surgical procedure to assess healing,
remove plagque, and reinforce oral hygiene.
a. A study investigator blinded to the graft material used will evaluate
the periodontal parameters using the customized stent and take a
periapical radiograph using the customized bite-plate and paralleling
technique.
I.  Same methods as in pre-surgical evaluation
ii. Ifthe customized stent is not stable on the patient's teeth at the
follow-up appointment, the clinical data will not be used in the
analysis. The radiographic data will still be collected.
7. Patients recalled at 9 months for periodontal maintenance therapy
8. Patient recalled at 12 months following the surgical procedure to assess
healing, remove plaque, and reinforce oral hygiene.

a. A study investigator blinded to the graft material used (other
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than the surgeon or the staff member on the surgical case) will
evaluate the periodontal parameters using the customized stent and
take a periapical radiograph using the customized bite-plate and
paralleling technique.
i. Same methods as in pre-surgical evaluation
ii. Ifthe customized stent is not stable on the patient’s teeth at the
follow-up appointment, the clinical data will not be used in the
analysis. The radiographic data will still be collected.
9. Patient will be exited from the study and followed by their primary provider for

periodontal maintenance therapy.

Analysis of Data:

L. Periodontal parameters assessed at 6 months and 12 months will be
compared to the baseline measurements to determine change in clinical
attachment level and probing depth.

a. A comprehensive periodontal charting (probing depths, attachment
levels, bleeding on probing, plaque score) for all teeth present in the
mouth will be done at the 12 months visit as well.

2. Two reviewers, board certified periodontist(s) and/or a board certified oral
radiologist, blinded to which bone graft material subjects received will access
the NNMC-DDILOCAL database, and use the Xray Vision software used for
viewing to measure bone levels before surgery and at 6 months and 12
months.

a. Radiographic analysis will be completed following data collection

b. To access the radiographs, the examiners will be provided with a sub-
master list containing the study number, name, and last four of the
social security number.

c. The examiners will access the patient’s radiographic record on the
NNMC-DDILOCAL database using the patient's name and last four.

d. The standardized radiographs taken at baseline, 6 months following
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surgery and 12 months following surgery will be obtained.
e. Using the digital radiograph software, measurements will be made
and recorded on the data collection sheet for radiographs.
f. The sub-master list will be destroyed following all measurements.
If subtraction radiography becomes available at NPDS, the same radiographs
will be used to assess changes in bone volume from baseline to 6 and 12
months postoperatively.
Statistical analysis will assess pre and post-test differences.
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CHAPTER IV: RESULTS

A total of 21 subjects meeting the enroliment criteria between December 2012
and May 2015 were enrolled. There were 14 males and 7 females with and age range
of 22-74. As of May 26, 2015 twenty subjects had surgery completed by a second or
third year resident or a board certified periodontist. Of the 20 subjects 19 completed
combination therapy and 1 had osseous resective therapy due to having a non-graftable
defect. Three subjects were exited from the study; one due to lack oral hygiene
compliance, one due to a permanent change of station, and the other due to a non-
graftable defect. Probing depth (PD), relative clinical attachment level (CAL), plaque,
bleeding on probing (BOP), surgical intrabony defect type and radiographic percent
bone fill were assessed. Clinical and radiographic assessments were completed by two

board certified periodontitis.

« F  © " " fect Debridement
baselne intrabony
Defect
6 months 12 months

Figure 10: This is an example of a patient randomized to DFDBA. Figure 10a shows the
radiographic defect at baseline. 10b shows the 3 walled defect after debridement. 10c
is the 6 months post-surgical resuits. 10d 12 months post combination therapy. Used
with permission from the author of this thesis, LCDR Teresita Alston.
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Due to the enroliment status and number of exited patients 6 month and one year
results were completed on 13 subjects; 7 males and 6 females with an age range of 22-
67 years (mean 40.6 years). Two subjects were exited from the Accell group and 1 from
the DFDBA group. Therefore 13 sets of 8month and 1 year results were analyzed with 8

subjects in the DFDBA group and 5§ in the Accell group for this interim analysis.

No significant difference was found with respect to bleeding on probing (BOP) or
plaque scores. The mean probing depth (PD) decreased from 7.6 (range 5.0-14.0mm)
to 3.8mm (range 3.0 - 5.0mm) for Accell and from 8mm (7.0-11.0mm) to 4mm (3.0-
5.0mm) for DFDBA. The mean gain of CAL was 3.4mm for Accell and 3.0mm for
DFDBA. Accell and DFDBA attained positive percent radiographic bone fill; 65.79%

and 59.9% respectively. The results were not statically significant.
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Figure 11: Probing depth at baseline, 6 and 12 months post
combination therapy for Acell Connexus® and DFDBA

Clinical Attachment Level
CAL Loss at Baseline, Gainat 6, 12 Months
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Figure 12: Clinical attachment level at baseline and 6 and 12
months post treatment.
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Figure 13: Radiographic bone fill in millimeters
at 6 and 12 months post treatment.

Radiographic Bone Fill

B AccellConnexus
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6 Month 12 Month

Percent Defect Fill {12 Months)
Acceli 65.79% DFDBA58.9%

Figure 14: Radiographic bone fill in percent at
6 and 12 months post treatment.
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Radiographic
DFDBA Accell

Figure 15: 15a and ¢ are baseline radiographics of sites
randomized to DFDBA and Accell respectively. 15b and 15d
are the results of combination therapy at 12 months post
treatment. Used with permission from the author of this
thesis, LCDR Teresita Alston.
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CHAPTER V: DISCUSSION

Definitive conciusions cannot be drawn at this time because 12 month clinical
measurements have been made in less than half of the subjects in the approved sample
size. However clinically it does appear that Accell does offer the clinical ability to allow
bone apposition above the residual bony crest radiographicliy. it also appears that sites
grafted with Accell are less radiopaque than sites grafted with DFDBA at the 12 months
evaluation period. The makers of Accell claim that Accell is designed to release BMP
immediately and over an extended period. With the extended release of those growth
factors it may take longer for Accell to mature radiographiclly which may imply.that 12
months is too soon to effectively evaluate the radiographic and possibly the clinical

results of Accell.

The assertion is that Accell is easier to place and mold within the defect. It seems
to the author that the claim is true as the material is easily placed and remained in the
site. However not all providers using Accell, in this study, found Accell easy to work
with. Some providers felt that the material was too soft and felt as if they could not pack

the material into the defect properly.
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CHAPTER VI: CONCLUSION

The data analysis at this point does not show any significant statistical difference in
clinical and radiographic outcomes between DFDBA and Accell Connexus®. Both bone
graft materials resulted in improved clinical parameters. Longer term follow up needs to

be conducted on Accell for both clinical and radiographic resulits.

53




Appendix

54




5SS

Tregtment
Group

‘Baseline Date |

oth | Location |8

Siiecld

[ s

Accell Connexusy -1

a8 |

s 5 |

DFDBA

| sty |

Femle | 5 |

Accelt Connexus| -

oL SMar3

Male |

- N

DFOBA

4 k3 |

Female |

18

A Mesil 6|7 o] B

Acceli Connexus|

| s |

Fendle |

15

OFDBA

S0 i

Male | 41

A

DFDBA

BETTETE

Ml | %)

DFDBA

Accell Connexus

ERETE
g

DFDBA

108 |

Female |- 81 |

AMesial | sl T s 1

Accell Connexus |-

:11:-".”-

M

CoMale ) ML

Uil sl

OF03A

BT

SR

RS E

DFOBA

Azceli Connexus

T

Female |-

|8

O | 5 |

Accell Connexus| - 15:

5| g |

Female |

auljaseq Je elep MeY Ly xipuaddy




99

Treatment Group

Accell Connexus |-

OFDBA

Accell Connexus |7

DFDBA

Accelt Connexus | 45

CFCBA

CFCBA

CFOBA

Accelt Connexus | -

CFCBA

Acceli Connexus |

DFDBA

CFDBA

Acceli Connexus

Accell Connexus | |

ajep [eoiBins uo elep mey :zy Xipuaddy




LS

Treatment Group|

= _

| hccell Connexus |

OFDBA

 Accell Connexus |

0FDBA

Aceel! Connexus | -

OFDBA

DFDBA

DFOBA

o | s o Jun s Jou feo s oo 20

Accell Connexus

OFDBA

Accell Connexus |41 | 3Dec-014

0FDBA

DFDBA

Accell Connexus

hccell Connexus | 15+ ] 8Dy

Aabins-jsod syjuow 9 je ejep mey gy Xipuaddy




85

Treatment Group| - D

TwelveMo | TwelveMo

Accelt Connexus |-

DFDBA

Accell Connesws |

| ovean | ¢

DFDBA

+ Accell Connesxus

EETT R

DFDBA

| oNevse |

0FDBA

L BMay204 3

DFDBA

s s oo Pt v | eo | B e

Accelt Connexus

T usepue | &

0FDBA

S Now2028 |

Accel! Connexus o 1L

1eMay2015 4]

DFDBA

) BMars |

OFDBA

Accell Connexus

O 16Mar2015 |

e .:_:._ YES _::

- Acceli Connexus | -

B Maw 15 | 2

%

Aishins-3sod syjuow g| je ejep mey :py xipuaddy




69

Radio_Base
Subjectl | line_CE-
Treatment Group|

Base

Radio_Base
line_CEl-
Apex

Radic_Base
fine_CEl-
Alveslar

RadioSi

o 5
“Base -

Radio_Slx
o 5

Redi_Six Radio_Twelve

Acce!l Connexus |+ 1

451

116

0.74

308 e

OFD3A

8.96

13.28

118

576

1157 4

Accell Connexus |3

5.43

1434

189

OFDBA

5.5

16.66

L35

13.48 j. .f._:

Accell Connexus |

19

1841

35

18 |6

OF0BA

5.07

132

218

381 ]

ns |

OFDBA

4.99

15.28

175

% |

e

OFDBA

8.32

1148

178

3.6

| 1541

Accell Connexus | -

OFDBA

481

2189

147

405

15

Acce!l Connexus |

569

1341

36

18 -

A6

OFDBA

6.27

141

153

348 ]

1385 | -

OFDBA

3682

1$.17

0.37

18

1582 -

Accell Connexus

Accel! Connexus | -

124

165

3.16

32

163 -

Aisbins

-1sod syjuow z| pue g pue suijeseq sydeiboipes je elep mey gy xipuaddy




09

3 TreatmentGrouQ num = Acoell Connexus

_ -Mmlmum -:Maxxmum ‘Median ;[ Percentil | Percentil- |- Mean [ Standard . | Valid

R B oo e e s i Devigtion o N
L%_Easgmwobmgaemb 5 00 7400 6.00 6.00 7.00 760 | 3.65 5
I 'MAX_Baseline_CAL 1900 3800 - [ A1.00. . | 1000 [ 1100 1200 [4.00 =~ |5 .
&A&&a&&%&%cesszqn .00 1.00 00 .00 00 20 45 5
MaX_Surgical_DefeciClass | 2.00 - 300 1300 1300 (300 280 .45 DS
51&5..&@53)&@@3&% 6.00 14.00 2.00 7.00 8.00 8.60 [ 313 5
MAX._Surgical Depth 400 . | 10.00 500 1500 [ 5007 580 . .]239.. ~[5
MAX_Surgical Dwzmn 3.00 13.00 3.00 3.00 3.00 500 | 447 5
MAX _SUrgical. B Lidh, 700 800 4000 700 1700 720 A5 TS
x;a;;_sgmumqamgggpm 3.00 5.00 4.00 3.00 4.00 380 | 84 5
TMAX_S GAL" . 500 9060 [ 700. | 700|800 1720 3148 . |5
.&5AX§LXMQQM&£&SJQ& .00 2.00 2.00 .00 2.00 120 1.10 5
MaX_Jwelvelonth_ProbingDepth, .| 3.00 5.00 400 . . |3.00 4060|380 184 — |5
WMAX_]welveMonth_CAL 7.00 10.00 900 8.00 9.00 860 | 1.74 5
MAX, . TwelveMontn_Recession -.{.00 . ] 3.00 106 100 [ 200 [140- 114 |5,
ChangebémoProbingDepth_ MAX “11.00 -1.00 -2.00 ~4.00 -1.00 380 | 421 5
PChangebmoProbmgDepih_MAX | -78.57 1-16.67 1-33.33 -57.14 | -20:00 | -41.14 ] 26.29 5.0
ChangetZmoProbingDepth MAX -11.00 -1.00 =200 -4.00 -1.00 -3.80 | 421 5
PChange12moFProbingepth MAX - | -78.57 -16.67 -33.33 5714 | -2000 1 411412629 . |5
ChangebmoCAL_MAX -12.00 00 -4.00 -6.00 -2.00 -480 | 460 5
PChange6moCAL_MAX -63.16 00 -36.36 5455 | -2000 | -3487 2563 |5
Change12moCAL_MAX -12.00 -1.00 -1.00 -2.00 -1.00 -3.40 | 483 5
PChange12moCAL MAX -63.16 <909 -11.11 1818 [ -1000° [-2237.]2312 = |5
ChangebmoRecession_MAX .00 2.00 1.00 00 2.00 1.00 1.00 5
Changel1ZmoRecession_MAX -1.00 3.00 1.00 1.00 | 2.00- 1.20 148 ] 5:

a. [reatmentGroup. num = Accell Connexus

$91}Ee)}§ @SNXaUuon [[929y g xipuaddy




TreatmentGroup num = AcceEI Connexus

Minimum | Maximum | Median | Percentile | Percentile | Mean | Stand
25 75 Devia
_Age 22.0 54.0 39.0 38.0 45.0 39.6 11.7
‘Baseline_ProbingDepthBuccalmm 5.0 14.0 6.0 6.0 7.0 7.6 36
Baseline ProblngDepthLlngualmm 4.0 11.0 5.0 5.0 6.0 5.2 2.8
Baseline ‘CALBuceal - e 9.0 19.0 11.0 10.0 11.0 12.0 4.0
Baseline CALLingual 8.0 15.0 9.0 9.0 11.0 104 2.8
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Baseline_RecessionLingual D 1.0 . 0 0 0 2 4
Surgical DefectClassBuccal 2.0 3.0 3.0 3.0 3.0 2.8 .4
Surgical_DefectClassLingual 2.0 3.0 3.0 3.0 3.0 2.8 4
“Surgical CEJBaseBuccal ' 6.0 14.0 6.0 6.0 7.0 7.8 3.5
Surgical CEJBaselingual 5.0 14.0 8.0 7.0 8.0 8.4 34
Surgical DepthBuccal 3.0 9.0 5.0 4.0 5.0 5.2 2.3
Surgical_DepthLingual 4.0 10.0 5.0 4.0 5.0 5.6 2.5
Surgical_ MDWidthBuccal 2.0 13.0 3.0 3.0 3.0 4.8 4.6
Surgical_MDWidthLingual 3.0 4.0 3.0 3.0 3.0 3.2 4
Surgical_BLWidthBuccal 7.0 8.0 7.0 7.0 7.0 7.2 4
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TwelveMonth_CALLingual 7.0 9.0 8.0 7.0 8.0 7.8 .8
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TwelveMonth_RecessionLingual .0 3.0 1.0 .0 2.0 1.2 1.3
Radio_Baseline_CEJBase 4.51 12.40 5.69 5.43 7.90 7.19 3.17
Radio_Baseline_CEJApex 11.60 18.41 14.34 13.41 16.50 14.85 2.66
Radio_Baseline_CEJAlveolar .74 5.16 3.50 1.89 3.60 2.98 1.70
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Radio_SixMonth_CEJApex 11.57 19.68 13.48 12.16 16.30 14.64 3.36
Radio_SixMonth_CEJAlveolar 96 6.21 2.65 2.00 3.20 3.00 1.98
Radio_TwelveMonth_CEJBase .00 3.48 2.91 2.90 3.00 2.48 1.38
Radio_TwelveMonth_CEJApex 11.67 16.46 12.83 12.56 15.60 13.82 2.08
Radio_TwelveMonth_CEJAlveolar .78 437 1.94 1.90 2.90 2.38 1.34
ChangebmoProbingDepthBuccalmm -11.00 -1.00 -3.00 -4.00 -2.00 -4.20 3.96
PChangemoProbingDepthBuccalmm -78.57 -20.00 -50.00 -57.14 -33.33 -47.81 | 22.48
Change12moProbingDepthBuccalmm -12.00 -1.00 -2.00 -5.00 -1.00 -4.20 4.66
PChange12moProbingDepthBuccalmm -85.71 -16.67 -33.33 -71.43 -20.00 -45.43 1 31.30
ChangetmoProbingDepthLingualmm -8.00 1.00 -1.00 -3.00 -1.00 -2.40 3.44
PChangeSmoProbingDepthLingualmm -72.73 25.00 -20.00 -50.00 -20.00 -27.55 | 36.81
Change12moProbingDepthLingualmm -8.00 -1.00 -2.00 -3.00 -1.00 -3.00 2.92
PChange12moProbingDepthLingualmm -72.73 -20.00 -40.00 -50.00 -25.00 -41.55 | 21.12
ChangebmoCALBuccal -12.00 -1.00 -4.00 -8.00 -2.00 -5.00 4.36
PChangeSmoCALBuccal -63.16 -11.11 -36.36 -54.55 -20.00 -37.04 | 22.09
Change12moCALBuccal -12.00 -1.00 -1.00 -2.00 -1.00 -3.40 4.83
PChange12moCALBuccal -63.16 -9.09 -11.11 -18.18 -10.00 -22.31 | 2312
ChangeSmoCALLingual -8.00 .00 -3.00 -6.00 -2.00 -3.80 3.19
PChange6moCALLingual -54.55 .00 -37.50 -53.33 -22.22 -33.52 | 22.92
Change12moCALLingual -8.00 -1.00 -1.00 -2.00 -1.00 -2.60 3.05
PChange12moCALLingual -53.33 -11.11 -12.50 -18.18 -11.11 -21.26 | 18.17




ChangeBmoRecessionBuccal .00 2.00 .00 .00 1.00 .60 .89

Change12moRecessionBuccal .00 2.00 0 .00 1.00 .60 .89

ChangebmoRecessionLingual .00 2.00 1.00 .00 2,00 1.00 1.00
‘Change12moRecessionLingual -1.00 3.00 1.00 .00 2.00 1.00 1.58
ChangebmoRadio_Baseline_CEJBase -9.20 -.86 -2.89 -7.90 -1.43 -4.46 3.84
‘PChangetmoRadio Baseline CEJBase -100.00 -15.84 -50.79 -74.19 -31.71 -54.51 | 33.49
Change12moRadio_Baseline CEJBase -9.50 -1.51 -2.78 -7.90 -1.95 -4.73 3.70
“PChange12moRadio_Baseline_CEJBase -100.00 -33.48 -48.86 -76.61 -35.91 -58.97 | 28.63
ChangeBmoRadio_Baseling CEJApex -1.25 1.27 -20 -.86 -.03 =21 97

‘PChangebmoRadio_Baseline CEJApex -9.32 6.90 -1.21 -6.00 -,26 -1.98 6.17
Change12moRadio_Baseline CEJApex -1.95 .07 -80 -1.51 -85 -1.03 .78

‘PChange12moRadio_Baseline_CEJApex_ -10.59 .60 -6.34 -10.53 -5.45 -6.46 4.60
ChangemoRadio_Baseline CEJAlveolar -1.96 2.71 22 -1.60 .76 .03 1.90
PChangetmoRadio_Baseline CEJAlveolar | -44.44 77.43 29.73 -37.98 40.21 1289 | 52.61
Change12moRadio_Baseline_CEJAlveolar -2.26 87 .04 -1.70 .05 -.60 1.32
PChange12moRadio_Baseline_CEJAlveolar | -47.22 24.86 2.65 -43.80 5.41 -11.62 | 32.12

a. TreatmentGroup_num = Accell Connexus
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TreatmentGroug nu = DFDBA

_ ._Mm:mum 1:Maximum .- .Mednan | Percenti. -Percentii:__'--_ Mean .| Standard: ;.-Val:d
e e i sl e2s e s i Deviation | N
ryi&,,&as,glmg_,&gﬁmg{}gpﬁ 700 11.00 7 oo 7.00 9.00 8.00 1.60 )
| MAX_Baseline CAL - - 700 11500 . [ 17.00 1950 -~ [1250 - 171.00 1256 |8
&1&2&_&&&[113,&,,&%@9&3@3 00 50 .00 .00 .00 .06 18 8
MAX Surgical DefectClass - 13.00 3.00 300 3060 - | 300 . | 300 .00 |8
M&m&ufmJ&EJBa,ge 6.00 14.00 850 6.50 10.50 5388 275 8
MAX_Surgical_Depth 400 A0.00 . | .00 500 1800 | 650 |214 . . |8
&1&“&u@gL@pmm 1.00 6.00 350 250 500 3.63 177 ]
MAX_Surgical BLWidth | 6.00__ | 13.00_ 5.00 1850 | 1000|825 |205 |8 _
MAX_SixMonth._ProbingDepth 3.00 7.00 450 400 550 475 128 3
 MAX . SxMopii CAL 1400 17000 900 . 17580 .. 1950 ..1825 14198 .. .18
Mﬁs\w&m@s\m 2.00 2.00 50 00 1.00 13 1.81 g
MAX_ TwelveMonth_ProbingDepth, | 3.00 500 400 1350 |450 " [400 |76 18§
MAX_TwelveMonth_CAL. 3.00 11.00 8.50 7.50 §.00 5.00 233 8
MAX_TwelveMonth_Recession 00 7.00 50 .00 100 | .63 . | .74 . 18
Change6moProbingDepth_MAX -7.00 -1.00 -3.00 400 -2.00 ~3.25 101 g
PChange6moProbingDepth_MAX | ~70.00 . 1250 4286 | -4416 | -2857. | -3921.[ 1646 . |8 .
Changei2moProbingDepth MAX | -7.00 -2.00 =350 5.50 -250 400 | 2.00 g
PChangelZmoProtingDepth_MAX | -70.00 2857 4643 | 6039 | -35.71 | -47.95 | 15.23 . g
ChangebmoCAL_MAX -9.00 2.00 200 -5.00 -50 2.75 | 3.58 8
PChangeSmoCAL_MAX 6923 25.00 -1818 - [ -3818 | -1.19 | -1892 [ 3002 [ &,
Change12moCAL_MAX $.00 2.00 -3.00 -4 50 -2.50 300 | 239 3
PChange1ZmoCAL_MAX 5250 2857 2727 | -3818 | -20.19 | -2565:.] 2599 .. |8
ChangebmoRecession_MAX -4.00 2.00 25 .00 1.00 06 1.78 8
ChangeiZmoRecession_MAX | .00 1.50 50 .00 100 ] D6 ].B2. 8 .

a. LreatmentGroun. num = DFDBA
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TreatmentGroup_num DFDBA

Minimum | Maximum | Median | Percentile | Percentile | Mean | Stanc
R ' 25 75 Devia
Age 25.0 67.0 40.5 285 50.0 41.3 14.4
Baseline_ProbingDepthBuccalmm 3.0 11.0 6.0 5.0 7.5 6.4 2.4
Baseline ProblngDepthLingualmm 4.0 10.0 7.0 6.0 7.5 6.9 1.8
Baseline CALBuceal - . 5.0 15.0 11.0 8.5 11.0 101 2.9
Baseline_CALLingual 7.0 13.0 9.0 7.5 11.5 9.5 2.3
Baseline_RecessionBuccal .0 .0 .0 .0 .0 .0 .0
Baseline_RecessionLingual -3.0 5 .0 .0 .0 -3 1.1
‘Surgical DefectClassBuccal 1.0 3.0 3.0 2.5 3.0 26 7
Surgical_DsfectClassLingual 3.0 3.0 3.0 3.0 3.0 3.0 0
Surgical CEJBaseBuccal 5.0 13.0 6.5 6.0 10.5 8.0 2.9
Surgical_CEJBaselingual 8.0 14.0 8.5 6.5 9.5 8.6 2.6
‘Surgical_DepthBuccal 3.0 10.0 5.0 4.0 8.0 5.9 25
Surgical_DepthLingual 4.0 9.0 5.0 4.0 7.5 5.8 2.0
Surgical MDWidthBuccal 1.0 6.0 3.5 2.0 4.5 34 1.7
Surgical MDWidthlingual 1.0 6.0 3.0 25 5.0 35 1.8
‘Surgical - BLWidthBugccal 6.0 13.0 9.0 8.5 10.0 9.3 2.1
Surgical_BLWidthLingua! 6.0 13.0 9.0 8.5 10.0 9.3 2.1
-BixMonth_ProbingDepthBuccalmm 2.0 7.0 3.5 2.5 5.0 3.9 1.8
SixMonth_ProbingDepthLingualmm 3.0 7.0 4.0 4.0 5.0 4.5 1.2
‘SixMonth_CALBuccal 3.0 10.0 8.0 7.0 9.0 7.6 21
SixMonth _CALLingual 4.0 10.0 8.5 6.5 9.5 7.9 2.1
SixMonth_RecessionBuceal -4.0 2.0 .0 0 1.0 .0 1.8
SixMonth_RecessionLingual -4.0 1.0 .0 -1.0 1.0 -4 1.7
TwelveMonth_ProbingDepthBuccalmm 2.0 4.0 3.0 3.0 4.0 33 7
TwelveMonth_ProbingDepthLingualmm 2.0 5.0 3.5 3.0 4.5 36 1.1
TwelveMonth CALButiccal =~ 2.0 2.0 7.0 6.0 9.0 8.9 2.4
TwelveMonth _CALLingual 3.0 11.0 8.0 7.0 8.5 7.6 2.3
TwelveMonth_RecessionBuccal O 1.0 5 .0 1.0 b5 5
TwelveMonth_RecessionLingual .0 2.0 .0 0 1.0 .5 .8
Radio_Baseline_CEJBase 3.62 9.96 5.16 4.90 7.80 6.16 2.27
Radio_Baseline_CEJApex 11.48 21.89 14.69 13.28 15.97 15.16 3.14
‘Radio_Baseline_CEJAlveolar 37 2.18 1.64 1.33 1.97 1.65 .58
Radio_SixMonth_CEJBase 1.80 5.76 3.38 2.61 3.82 3.40 1.18
Radio_SixMonth_CEJApex 11.40 15.82 14.68 12.13 15.72 14.07 1.92
Radio_SixMonth_CEJAlveolar .00 2.64 1.31 .62 1.88 1.28 .86
Radio_TwelveMonth_CEJBase 00 5.91 1.83 56 4.54 2.47 2.26
Radio_TwelveMonth_CEJApex 12.34 16.37 13.76 12.68 15.01 13.80 1.24
Radio_TwelveMonth_CEJAlveolar .24 2.59 1.32 34 1.79 1.22 .87
ChangemoProbingDepthBuccalmm -5.00 2.00 -3.00 -4.50 -1.00 -2.50 2.45
‘PChangebmoProbingDepthBuccalmm -66.67 40.00 -44.16 -61.25 -16.67 -33.85 | 36.64
Change12meProbingDepthBuccalmm -7.00 .00 -3.00 -4.50 -1.580 -3.13 2.23
‘PChange12moProbingDepthBuccalmm -63.64 .00 -53.57 -61.25 -26.67 -43.33 | 23.34
ChangeémoProbingDepthLingualmm -7.00 .00 -2.50 -3.00 -50 -2.38 2.286
‘PChange6moProbingDepthLingualmm -70.00 .00 -35.71 -42.86 -6.25 -29.96 { 24.51
Change12moProbingDepthlingualmm -7.00 00 -3.50 -4.00 -2.00 -3.25 2.05
PChange12mofProbingDepthLingualmm -70.00 00 -50.00 -57.14 -35.71 -44 46 { 21.60
Chahge6moCALBuccal -8.00 2.00 -3.00 -5.00 1.00 -2.50 3.63
PChangeBmoCALBuccal -72.73 40.00 -27.27 -38.18 12.50 -17.33 | 36.88
Change12moCAl.Buccal -6.00 2.00 -4.50 -5.50 -1.00 -3.25 2.96
PChanget2moCALBuccal -75.00 40.00 -38.18 -45.45 -9.09 -27.56 | 34.92
Change6moCALLingual -8.00 2.00 -.50 -3.50 1.00 -1.63 3.70
PChangeBmoCALLingual -69.23 25.00 -5.00 -31.08 13.39 -11.20 ] 32.11
Change12moCALLingual -5.00 2.00 -2.00 -4.00 .00 -1.88 2.42
PChange12moCALLingual -62.50 28.57 -17.69 -34.85 .00 -17.38 | 27.72
ChangeBmoRecessionBuccal -4.00 2.00 .00 .00 1.00 .00 1.77
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:Change12moRecessionBuccal .00 1.00 .50 .00 1.00 .50 .53

ChangetmoRecessionLingual -1.00 1.00 .00 -1.00 .75 -.06 .86

‘Change12moRecessionLingual - .00 3.00 .50 .00 1.25 .81 1.07
Change6moRadio_Baseline CEJBase -6.06 -1.26 -2.30 -3.49 -1.62 -2.77 1.62
“PChange8moRadio_Baseline_CEJBase -65.02 -24.85 -43.58 -50.49 -34.61 -43.40 | 13.00
Change12moRadio_Baseline_CEJBase -9.32 -.23 -3.77 -4.51 -1.73 -3.69 2.79
-PChange12moRadio_Baseline_CEJBase -100.00 -4.38 -67.81 -84.67 -29.75 -58.61 | 34.96
ChangebmoRadio_Baseline_CEJApex -6.17 3.93 - 70 -3.88 .65 -1.15 3.54
PChangeSmoRadio_Baseline_CEJApex -28.19 34.23 -5.21 -25.39 4.28 -4.25 22.80
Change12moRadio_BaselineCEJApex -6.52 1.10 -.59 -1.73 -.16 -1.41 2.67
‘PChanget2moRadio_Baseline_CEJApex -29.79 | 9.58 -4.35 -11.32 -1.056 -6.88 13.24
ChangebmoRadio_Baseline_ CEJAlveolar -1.67 1.46 -.52 -.71 .24 .27 83

PChangetmoRadio_Baseline_CEJAiveofar | -100.00 123.73 -34.02 -63.81 14.46 -17.88 | 68.67
Changet2moRadio_Baseline_CEJAlveolar -1.78 .86 -.34 -.92 .38 -.34 91

PChange12moRadio_Baseline_CEJAlveolar | -83.67 72.88 -25.89 -55.01 16.74 -17.39 | 55.07

a. TreatmenlGroup_num = DFDBA
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Test Statistics’

Appendix D: Mann Whitney

[viax_Baseline [MAX_BaseliiMaX_Baseli MAX_Surgi [MAX_Surgl IMAX_Surg|MAX_Surg|MAX_Surgi
| ProbingDept |ne_CAL ne_Recessi jcal_DefectCical_CE)Baselical_Depthfical_MDW fcal_BLWidt
h on fass idth h
Mann-Whitney U 10.500 19.000 18.000 16.000 18.000 15.500 20.000 5.500
Wilcoxon W 25.500 34.000 54.000 31.000 33.000 30.500 56.000 20.500
74 -1.465 -.151 -.465 -1.265 -.297 -.696 000 -2.187
Asymp. Sig. (2-talled) 143 880 642 206 767 486 1.000 {029
Exact Sig. [2*{1-tailed Sig.)] a7® 943° 833° 622° 833° 524° {1000 lo30®
Exact Sig. (2-tailed) 1155 937 744 385 811 550 1.000 023
Exact 5ig. (1-tailed) 077 .469 .385 385 404 .290 516 .009
Point Probability .005 .055 .256 385 .033 081 024 .002
a. Grouping Variable: TreatmentGroup_num
b. Not corrected for ties.
Test Statistics®
MAX_SixMon [MAX_SixMont[MAX_SixMont[MAX_Twelve|MAX_TwelvelMAX_TwelveM
th_ProbingDelh_CAL h_Recession jMvonth_Prob [Month_CAL lonth_Recessio
pth ingDepth n
IMann-Whitney U 11.000 11.000 12,500 17.000 17.500 11.500
Wilcoxon W 26.000 26.000 48.500 32.000 53.500 147,500
7 -1.371 -1.347 -1.153 - 472 -.379 -1.321
Asymp. Sig. (2-tailed) 170 178 .249 637 705 187
Exact Sig. [2*(1-tailed Sig.}] 222° 222" 284" 724° 724° 2220
Exact Sig. (2-tailed) 1236 221 287 678 726 249
Exact Sig. {1-tatled) .134 120 178 422 379 .140
Point Probability 084 042 031 210 059 .085
a. Grouping Variable: TreatmentGroup_num
b. Not corrected for ties.
Test Statistics”
Change6 [PChangeém|Changei2m|PChangel {Change6 [PChange |Changel2 [PChange12 [Change& {Changei2mc
moProbi oProbingDeloProbingDe[2moProbi imoCAL_ [6moCAL_|moCAL_M imoCAL_MA[moReces fion_MAX
ngDepth [pth_MAX  |pth_MAX |ngDepth_ [MAX MAX IAX [ sion_MA
MAX MAX X
IMann-Whitney U 17.000 {20.000 14.000 15.500 14,500 [13.500 (12.500 13.000 14.000 [13.000
Wilcoxon W 53.000 {56.000 50.000 51.500 29.500 28,500 WM8.500 149.000 50.000 149.000
Z -.447 .000 -.892 -.661 -.819 -954 | |F1.112 -1.026 -.914 -1.070
Asymp. Sig. (2-tailed) .655 1.000 .372 .508 413 .340 266 .305 361 .285
Exact Sig. [2*{1-tailed Sig.}} |.724°  {1.000° 435" 524 435°  [354°  [284° 354" 435" |354°
Exact Sig. {2-talled} 714 1.000 399 .540 452 .370 293 .335 427 .324
Exact Sig. {1-talled} 352 512 193 .267 228 185 152 ,168 247 168
{Point Probability 042 026 017 016 .031 017 .030 .018 116 .008

a. Grouping Variable: TreatmentGroup_num

b. Not corrected for ties.
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Appendix E: Frequency Tables

Gender
Frequency Percent Valid Percent Cumulative Percent
Female §] 46,2 46,2 46.2
Valid Male 7 53.8 53.8 100.0
Total 13 100.0 100.0
Tooth
[Frequency Percent Valid Percent Cumulative Percent
3.0 1 7.7 7.7 7.7
4.0 1 7.7 7.7 15.4
18.0 4 30.8 30.8 146.2
19.0 2 15.4 15.4 51.5
Valid 26.0 1 7.7 7.7 69.2
27.0 1 7.7 7.7 76.9
30.0 2 15.4 15.4 92.3
31.0 1 7.7 7.7 100.0
Total 1 100.0 100.0
Location
Frequency Percent \Valid Percent Cumulative Percent
Distal 10 76.9 76.9 76.9
Valid Mesial 3 23.1 23.1 100.0
Total 13 100.0 100.0
Baseline_PlaqueBuccal
Frequency Percent Valid Percent Cumulative Percent
No 9 59.2 69.2 59.2
\/alid Yes 4 30.8 30.8 100.0
Total 13 100.0 100.0
Baseline_PlaqueLingual
Freguency Percent \Valid Percent Cumulative Percent
No 9 59.2 59.2 159.2
Valid Yes 4 30.8 30.8 100.0
Total 13 100.0 100.0
Baseline_ BOPBuccal
|Frequency Percent Valid Percent Cumulative Percent
No 1 7.7 7.7 7.7
Valid Yes 12 92.3 92.3 100.0
Total 13 100.0 100.0
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Baseline_BOPLingual

Frequency Percent Valid Percent Cumutative Percent
No 3 23.1 23.1 23.1
Valid Yes 10 76.9 76.9 100.0
Total 13 100.0 100.0
SixMonth_PlagqueBuccal
Frequency Percent alid Percent Cumulative Percent
No 10 76.9 76.9 76.9
\Valid Yes 3 23.1 23.1 100.0
Total i3 100.0 100.0
SixMonth_Plaquelingual
Frequency Percent Valid Percent Cumulative Percent
No 7 53.8 53.8 53.8
\alid Yes G 46.2 46.2 100.0
Total 13 100.0 100.0
SixMonth_BOPBuccal
IFrequency Percent Valid Percent Cumulative Percent
No 10 76.8 76.9 76.9
Valid Yes 3 23.1 23.1 100.0
Total 13 100.0 100.0
SixMonth_BOPLingual
Frequency Percent Valid Percent Cumulative Percent
No & 46.2 46.2 46.2
Valid Yes 7 53.8 153.8 100.0
Total 13 100.0 100.0
TwelveMonth_PlaqueBuccal
Frequency Percent Valid Percent Cumulative Percent
No 10 76.9 76.9 76.9
Valid Yes 3 23.1 23.1 100.0
Total 13 100.0 100.0
TwelveMonth_PlagueLingual
[Frequency Percent Valid Percent Cumulative Percent
No 7 53.8 53.8 53.8
Valid Yes 3] 46.2 46.2 100.0
Total 13 100.0 100.0
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TwelveMonth _BOPBuccal

|Frequency Percent Valid Percent iCumulative Percent
No ] 46.2 46,2 46.2
Valid Yes 7 53.8 53.8 100.0
Total i3 100.0 100.0
TwelveMonth_BOPLingual
|Frequency Percent Valid Percent Cumulative Percent
No 7 53.8 53.8 53.8
Valid Yes G 46.2 46.2 100.0
Total 13 100.0 100.0
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Appendix F1:_

FLOW DIAGRAM OF STUDY DESIGN

Periodontal re-evaluation

h 4

Initial non-surgical therapy

l o

No surgical treatment required.
Not a candidate for study.

l

Intrabony vertical defect present.

Intrabony vertical defect present.
Furcation involvement, Not
candidate for study

Regeneration surgery advised.

/

h

Non study patient

v

Informed Consent
No

Yes

Make custom stent and
radiographic film holder. Baseline
measurements and radiographs.

v

Randomization

Experimental

Regeneration using
Accell

T

\L

Control
Regeneration using
DFDBA

~

6 month follow up. Re-evaluation
of periodontal parameters and 6
month post-surgical radicgraphs

Y

post-surgical radiographs

1 year follow up. Re-evaluation of
pericdontal parameters and 1 year

y

Statistical analysis of the results
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Appendix F 2: Accell Brochure provided by Keystone Dental

How BMPs and Growth Factors are
Concentrated into Accell Connexus

The DBM is divided into two equal parts, and one part s

entered Into the Accell process,

e Step £t Citric ackd Is added to the DBM, creating a

solution fromwhich small collagen fragments, Growth
Factors, and BMPs are Isolated and extracted.

st [:;;-.l
Wi Foimiicio B Step 22: The lsolated extract is brought to a neutral pH
I and freeze-cried to remove excess water,
L Stop £3: The concentrated extract Is then combined with
the DBM and Reverse Phase Medium, creating amore
¥ concentrated bone graft product.

£-Beam Sterdiration: Every lot of Accell is sterilized using
& : a low-dose electron beam, a process that has been shown
to preserve the osteoinductive power of BMPs.}

Available in » Moldable, easy to pack Into any size or shape defect
0.5¢c, tec, + Thickens at body temperature, holding the graft in place
2.5 ¢c, and 5 ¢c » Resists irrigation, allowing for better graft containment

prefilled syringes

A Wikaloub 5, Reddl AH, 1fLencs of inadhiion on thy cstaohducting (il of
Gemnineaaired bond mably, CeMf Nesed Ind 1938,42:255-60,

Permission to use Accell Connexus® graphic was provided by the company, Keystone Dental. This image is
published on all brochures relating to the product Accell.
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Appendix G1: Inclusion/ Exclusion Check Sheet
Periodontal Regeneration of 1+, 2-, and 3-Walled Intrabony Defects Using Accelf Connexus® versus Demineralized
Freeze-Dried Bone Allograft; A Randomized Parallel Arm Clinical Control Trial

Inclusion/ Exclusion Check List

Subject#
Inclusion Yes{¥'}/ No
X}
a. Aged 218 years old
b. Remaining in the Capital region for at least 12 months following the surgical
procedure for follow up appointments
c. Diagnosis of generalized or localized severe periodontitis
Radiographic evidence of a vertical intrabony defect at one or more sites with a
probing depth > 6 mm
Exclusion
a. Under the age of 18
b. Moving from the Capital region area prior to 12 months following the surgical
treatment
c. Furcation involvement in combination with the intrabony defect determined

pre-surgically
Restorations extending beyond the CEJ at the intrabony defect site
Indiscernible CE) either clinically or radiographically

f. Periapical pathology, unrestored caries, defective restorations, root
resorption, or vertical root fracture

E. Requiring restorative dental care {fillings and crown and bridge work} that
cannot be completed prior to fabrication of the customized stent

h. Female patients who are pregnant or nursing

i Currently smoke tobacco or use tobacco products. Former smokers will be
excluded if they quit smoking < 6 months prior to selection in the study.

i Clinically significant systemic diseases, which may affect healing {e.g.
uncontrolled diabetes).

Allergic to chlorhexidine gluconate {Peridex).

Allergic to tetracycline

Poor oral hygiene unsuitable for periodontal surgery

Cannot or will not sign the informed consent form

Receiving immunosuppressive therapy such as chemotherapy and
systemic corticosteroids not to include inhated or topical steroids

Severe endocrine-induced bone diseases (e.g. hyper-

thyroidism, altered parathyroid function)

Teeth with intrabony defect have mobility classified as Miller class 2 or greater
Bleeding complications {e.g. hemopbhilia)

On warfarin therapy

History of osteoporosis or taking bisphosphonate medications

History of radiation therapy in the head and neck area

A no (X) response in the inclusions criteria block or a yes (v') response in the exclusion criteria
disqualifies the patient from participating in this study.

o|7 |3 [—|F

T

E ol L Pl B
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Appendix G2; Adverse Event/ Deviation Log

Periodontal Regeneration of 1-, 2-, and 3-Walled Intrabony Defects Using Accell Connexus® versus
Demineralized Freeze-Dried Bone Allograft: A Randomized Parallel Arm Clinical Control Trial

Adverse Event/Deviation Log

Subject# _______

Date of AE or Deviation from Protocol:

1. Was this an Adverse Event or a Deviation from the protocol? (Please circle one.}

2. What occurred?

What action was taken?
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Appendix H1: Data Collection Sheets

A master list will associate participant’s name with the last 4 numbers of their social security number,
telephone number and email address. Each of the following boxes (data coliection sheets) will be printed on
separate pieces of paper.

Periodontal Regeneration of 1-, 2-, 3-Walled Intrabony Defects Using Accell Connexus® vs DFDBA: A

Randomized Parallel Arm Clinical Trial

Date
Subject ID #
Gender
Age
Clinical Measurements:
Tooth #:
Probing Clinical Recession Plague Score | BOP {+/-)
Depth (mm) | Attachment {(mm) (+/-)
Level {mm)
M/D-B M/D-L | M/D-B M/D-L M/D-B M/D-L | M/D-B M/D-L | M/D-B M/D-L
Baseline l l | | ]
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Periodontal Regeneration of 1-, 2-, 3-Walled Intrabony Defects Using Accell Connexus® vs DFDBA: A

Randomized Parallel Arm Clinical Trial

Date
Subject ID #
Gender

Age

Clinical Measurements:

Tooth #:
Probing Clinical Recession | Plague Score | BOP (/)
Depth {mm) Attachment (mm) (+/+)
Level (mm)
M/D-B  M/D-L
M/D-B M/D-L M/D-8 M/D-L | M/D-B M/D-L M/D-B M/D-L
6 months
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Pericdontal Regeneration of 1-, 2-, 3-Walled Intrabony Defects Using Accell Connexus® vs DFDBA: A
Randomized Parallel Arm Clinical Trial

Date
Subject ID #
Gender

Age

1]

Clinical Measurements:

Tooth #:

Probing
Depth {mm)

M/D-B M/D-L

Clinical
Attachment
Level {mm)

M/D-B M/D-L

Recession
{mm)

M/D-B  M/D-L

Plague Score

(+/-)

M/D-B M/D-L

BOP (+/-)

M/D-B. M/D-L
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Periodontal Regeneration of 1-, 2-, 3-Walled Intrahony Defects Using Accell Connexus® vs DFDBA: A

Randomized Parallel Arm Clinical Trial

Date
Subject ID #
Gender

Age

Surgical Measurements (Characterization of Defect):

Tooth #:
CE)-Base of Depth of Width of Width of Defect:
Defect Defect (mm) Defect: Defect: M-p | BL width {mm)
Classification Alveolar Width (mm)
(1,2,3-walled Crest-Base of
or Defect (mm)
combination)
M/D-B M/D-L M/D-B M/D-L
M/D-B M/D-L M/D-B M/D-L M/D-B M/D-L
At Surgery
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Periodontal Regeneration of 1-, 2-, 3-Walled Intrabony Defects Using Accell Connexus® vs DFDBA: A

Randomized Parallel Arm Clinical Trial

Date
Subject ID #
Gender

Age

[ 1]

Radiographic Measurements

Tooth #:

CEJ-Base of CEJ-Apex of CEJ-Alveolar
Defect (mm) Tooth {(mm) Crest {mm)

M/D M/D | M/D M/ | M/D MDD

Baseline

6 months

12 months
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Appendix H2: Comprehensive Periodontal Charting Form

PERIODONTAL CHART Penonat data - Privacy Act of 1914

Bleeding/purvlence (+)

Attechorent kvel CEJ to RFP

Pexket depihs FM to AP

t ¥ 2V s Y4)e eYrY ol o Yoo us 12)13Y 14 Y 15 Y 16

Pocket dépihs FGM to BP

Alachment kel CEI to DP )

Bleeding/pmvinte (+)
Diseding/puraience (+)
Avgchmant level CTUJ 1o DP

Foskes d4puhs POM 1o BP

Tpaojastaejea] 1

Posket deptha FOM o DP R ED
Atlashment bovel CILT o DP ‘ =
Bieeding/purvience (+)

PLACE OF EXAMINATION FRAMINER ' ' lmms

PATIENT IDENTIFICATION

X GRADE, RAI T, OR POSTITON ORCGANIZATIONJUMIT | COMPONINT OR DRANCH | PRONE: %

FATIENTS LAST NAME. FIRST NAME - MIDDI T AT | DATE OF BIRTH (Day Moath-¥ear) Iso(m SECURAT NG,

FAVVITD 652072 (57%)

§/¥ 01056-LF-008-2400
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APPENDIX L: EXAMPLE OF NPDS PERIODONTICS DEPARTMENT POST-OPERATIVE INSTRUCTIONS

PERIODONTICS DEPARTMENT

_ | HAVAL POSTGRADUATE OEHTAL SCHOOL

: : | i Betha;da, Maryland
: | ‘

i I'-'ov bestheating and aminimum of m»p&:ailons pleasexead and folow lhese struciions oarefuly

I .
i You man have been qiven one ot

of (hese med‘mauons

Mo!rin&Oan: P I(Melwrélow: Dol\ﬂ dwblﬂp or dozage.
Horco M35 mep | Feadid cuvep S howrs fov pade coatred R can ba tekea I addition to
: ibvprofn. THz medicine ¢4h make 70U drowsy. Thartfare, do not dibre or
i | optrate machisety while baking Wz dreq. Addtionstiy, do aot take with
B ! [ atcoholis brerages; tht akolol will maks you shapler, bt i bot decrease
. i i | pour confort.
AHT[III:ITIG!. Doxqum w0 n-q‘ D EabRE the Fop of ser ey thex 1ERbIN credy oy For S0 apr
i : Amouletlin 500 my: | Jaadid fow times 3 oy for Teo K0 by

wam m:mc.muus.

i : : Chedrmycin 300 g Feadid foit timer 3 oy fot Flo BY Sugs.
\RIHSES- : [ Pyrkdex [P«qumd Fdtits, rase RVCE P 15 Frocled oa the Bottls slwting the Fay fodotriny
| i i P rwrgorp. Do not brazh of flass ot the smrgica] site eadess ztigcted te da 2o,
Badeod Do-e Facks | Tske 37 directed on the puhqe. sutinqtoday, Basure aad take thafell

| Mest row of Wbtz [first six tableds] todwy,

.RHTI-IHFI.AMHATIOH' H

i

'I'he following are. a Ist of post-ooe{alhe conskerations during hessing:

EB_I.I:I:I:l!!ll?i: } 'T'Im 7 be eBale bl eding from Use curdics] for -2 dagz Sfter surqary. Your slfvs may sppear #liablly
i : [ reddizh, Thiz i5 common. I you 20ti5e 30 Rereast fa blesding please coatact wa
[SUTURESISTITCHER: | Youmwy RRVEERT s placed b youw mowth, They may baxfko ba remaved fathe futere. Please hyrathe
i i : | cxteres a!ﬁt 2 BBl AT ER (8Bl o Be¥odi of sutuees may mpal henfina.
| DRESEINGE: {Touz Bl BE Ty vntoBesda Broack ovs the cliaicsl area. T tars for yowr comfoil, B R Ay
i Lo ; ot beforfow fiest Host:Eh SiniveSodhintmant snd vov Bie contortably, it ks fias to Jeave R owl W ke
H ; i i zargles] ot 15 vnconTEFbTe as T ol wolldThe the drezalia replaced plevcs coutsct ae
| DIET: He b ey baportant to maintain TE5TE diet For atbeast s werk, Chew 32 much 37 poszible on e shls
i : | oppozRe the torqery. Thiz is not the thme to ctard 3 diet. Flaace malatala your calorke 35 Mvid intake
i o i { o2 at peerguraleal levets, You will ot heat well f vou we debgdiated or wadetedwished. PRazt do ot
! : I | dilak wstng 8 strewn,
{ORAL HYGIENE: [ i Terg important pot to bruzh or floss the 2erqicsl site watd given express instrgctions, Mosmal brszbing
: ' . | oad Rossing procedares con tryvmvatiot the dhzzue sad knpalt hsiaq. You miy brush 3ad floss \hoss areas
; | not affected by the surgery. To kesp bactiria uader comtrol a prestilption mowth fins b3z becu
i §titen for pos. kit voe the meuthaash 35 arieze, Loter vou mvay bt instrocied 1o w2 3 cotton-tipped
| appEcator, dipped ib e moathwash, to swab aloag (ke gun line of Uit swrqedy sRe. Ust a capfal [{5md) of
i the mouthwrazh Lufce 3 dey, orping 3nd bedUmt, after brochlvalflossTog your Lon-suraically trested teeth
1 You may aotice s mikd tooth stalaing o2 a reselt of the mowthwash This 1o 603 peimaatnt; the sials wifl be
| temored with soaliza/polahing wt vour fotlow-op sppolstatats. Phise do bok u2e o Wate-PR o 0ther
i Uriqator welezs estructed to do 5o,
PH.‘I’HCAL Atmvrr ¥: | | Avold streavons pheskal atinity (Lo laclede rusting 3ad heavg Lialaq) For T2 koqes. Additioase, eo viqeiaws
-'péubq, rikzizq, or spevkiag fyelingl Fercoful movements ot the site of swrqeny will peqatively affect hedliag.
B'I'EI.L"IG. } Youmay expiriece sone swiling. T b5 common sad By peaks o 2-3 days altel carqery. Thites
: * ofter you rhowld expect to sat v actuin to sofml To decrease ewelbng you £3n spplp kce to the oite for e
st 3-4 bosd s witer sweqery,
: | Pleace ¢ if the rwelling appews o lacrease alter the Whird duy, of if pou are conderped.
u RMOKIHG | Smoking 12 dedeterions to hesog We advire pou to stop smokdaqg For 9z [ang 32 pazsible sfter srquay.
. : | Stopping sroking wll Inprove poteatisl heaBaq sed alzo Inprove your ovarall perlodostaf bezhh
I FCIFI' tlllut I.IFI’ SURGE Youmsy also havt receired sanat decorqestant 1ablits aed 2prag. Please vze those medications oz Jirected
| PHOCEDUHE! . \ o the package, b 3ddition, areld blowied your pose. W you petd to entine, please sreene witd vost mowth
: | open. Please infoim vour doctor If yor develop slues conatztion that is not mislmdzed with yow nedications
w i pou rotice sxy blteding o dizcharge from gour pote.

i
I
! : i : ; - | : i :

1V yoq byve 3ny problems or qeestions, plesse 4o pot hesitate to cafl me 3t J0E235-0017. H there iz 23 ¢inti QEACY vou My pids boul doctor
i ll.rwau w Htom!cd P TT- hs&rwﬁovﬂ be given after dr&k’.m'l -300-159-8888, The PINE fov vou dactor iz

 ——

‘ch iolow L) sppah.mms .c!.equd for

ABAE Fosdaids
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