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ABSTRACT

Brenda Lizzet Lopez: Volumetric and Linear Analysis of Soft Tissue Changes After
Tooth Extraction and Socket Grafting
(Under the direction of Thiago Morelli, John Moriarty & Ryan Cook)

Introduction: The success and survival of dental implants are dependent on proper three-
dimensional positioning in the bone, the anatomical shape of the prosthetic restoration', the
quantity and quality of the soft tissue,” and the presence of a balanced occlusion.” Adequate
preservation of the alveolar bone dimension is of great importance to adequately place dental
implants. Various methods have been utilized with the aim of preserving the alveolar ridge and
soft tissue contours post tooth extraction due to the importance that it has on prosthetic and
esthetic outcomes when replacing missing teeth. Purpose: To evaluate the linear and volumetric
changes in soft tissue following site preservation/socket grafting with a xenograft bone mineral
that was covered with either a collagen sponge or a 3D-collagen matrix at the 1 month, 3 month
and 6-month post extraction time points. Methods: This clinical trial included twenty-four
subjects who required tooth extraction, site preservation and implant placement. All patients
received extraction and grafting with xenograft + 10% collagen (Geistlich Bio-Oss Collagen®™)
and were randomly assigned to a test or control group for closure of the extraction site. The
control group received socket closure with a collagen dressing/sponge/plug (HeliPlug™) and test
group with a 3D-collagen matrix (Geistlich Mucograft® Seal). Linear and volumetric soft tissue

analysis were performed using Standard Tessellation Language (STL) files, obtained with an
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intra-oral scanner and were analyzed via a non-contact reverse engineering system to compare
the facial linear and volumetric soft tissue changes between the control and test group.

Results: The linear measurement analysis revealed less linear soft tissue loss with the collagen
matrix. The difference between groups was not statistically significant. The volumetric analysis
demonstrated a longitudinal decreased loss of soft tissue volume when a 3-D collagen matrix was
used compared to a collagen sponge from month 1 to month 6. The longitudinal difference in
volume was statistically significant between the two groups. Conclusion: This human
investigation provides early evidence of the volumetric soft tissue changes after tooth extraction
and socket grafting. The linear soft tissue analysis at the 1, 3 and 6-month time points did not
show a statistical difference between the use of a collagen sponge and a 3-D collagen matrix.
The results from the volumetric analysis demonstrated a reduced volume loss when a 3-D
collagen matrix was used compared to a collagen dressing. The data provides early evidence in
regards to decreased amount of volume loss using a 3-D collagen matrix. This finding may
positively benefit clinicians when managing soft tissue contours around implants in the esthetic

zone.
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A REVIEW OF THE LITERATURE

Alveolar Ridge Remodeling

The anatomical and physiological changes that occur after tooth extraction have been
largely studied in the past.” It has been determined that bundle bone is the first to be absorbed
after the loss of a tooth >*’ compared to alveolar bone, which is slowly absorbed throughout
life.*” The remodeling of the alveolar process after extraction of a tooth results in height and
width changes, which alter the orientation of the ridge towards the palatal/lingual position in
relation to the original tooth position.*

A dog model evaluated the alveolar bone changes that occur after tooth extraction as a
result of remodeling.'® Histological analysis showed that at one week, bundle bone was present
on all the walls of the extractions site. Bundle bone was the only component of the crestal region
of the sites and formed the majority of the buccal plate. By week four, the bundle bone was
completely absorbed from the crestal portion of the walls in the extraction site. By eight weeks,
the height of the buccal wall was positioned about 2 mm apical to the lingual wall. This study
also revealed that resorption after extraction occurs in two phases. In phase one, the bundle bone
was resorbed and woven bone was formed. This results in a greater change in morphology of the
buccal wall. In phase two, the resorption occurred from the outer surfaces of the walls of the
extraction site.'?

The bone contour and linear soft tissue changes after tooth extraction were clinically and

radiographically studied by Schropp. The changes in soft tissue were analyzed using study casts



fabricated with irreversible hydrocolloid at baseline and at 12 monthsThe results showed a
average width at baseline of 12.0 mm. The ridge width decreased by approximately 50%,
average of 5.9 mm, 12-months post extraction. The majority of the loss in height occurred during
the first 3 months post extraction. '

Major changes in alveolar ridge dimensions occur after tooth extraction without site

191112 The remodeling process is also highly dependent on the buccal plate

preservation.
thickness. Particularly in the anterior maxilla, it has been reported that the buccal plate thickness
in >70% of the anterior teeth is <Imm in thickness.'>'* Site preservation is of great benefit for
patients as it facilitates the placement of implants in the proper three-dimensional position by
preserving the bone and tissue contours which yield positive functional and esthetic outcomes. A
systematic review evaluating the efficacy of site preservation when compared to the lack site
preservation reported that grafting at the time of extraction resulted in less bone contraction with

a mean of 1.5 mm in height and 1.8 mm in width. The review did not specify any grafting

material to be superior from another.'
History of Ridge Preservation

Various methods have been used in the attempts to reduce change in alveolar ridge
dimension after tooth extraction. In the 1950s and 1960s, the clinical crowns of teeth with a poor
periodontal prognosis were modified and retained with the purpose of maintaining the alveolar
ridge to support full dentures.'>'® Subsequently, Osburn proposed a technique that involved
amputation of the clinical crown and retention of the tooth root to preserve the bone around teeth
for the support of full dentures.'” Implants are currently one of the most well established and
accepted methods for tooth replacement. A critical necessity in allowing implant placement is the

morphology of the alveolar ridge in the edentulus site. Various bone grafting and synthetic



materials have been used to preserve the alveolar ridge. Particularly, the preservation of the
anterior ridge has led to the use of various materials aiming to increase the success rate of
implant placement by maintenance of the alveolar ridge and soft tissue contours.

Bone Grafting Materials

Hydroxyapatite crystals (HA) were placed in the extraction site as a method to preserve
the alveolar ridge. This method proved effective in preserving the alveolar ridge in areas where
prosthetic reconstructions were needed without the placement of implants.'® The drawback with
HA is the lack of resorption or replacement and thus not indicated when future implant
placement is needed due to the lack of bone turn over. On the other hand, grafting materials such
as xenografts, allografts or autografts possess osteogenic, osteoinductive and/or osteoconductive
properties and promote bone formation or serve as scaffolds for bone formation." Bone grafts
used for site preservation are classified based on the source of origin. Autografts are obtained
from the same individual and possess osteogenic, osteoconductive and some have osteoinductive
properties.'” Despite these qualities, it is not the preferred bone graft as it increases patient
morbidity because it requires harvesting from an intra or extra-oral site.”’

Allografts are bone grafts that are transferred from one subject to another genetically
dissimilar subject of the same species.'” The primary advantage of using an allograft is its
unlimited availability and does not require a harvesting site. Allografts include demineralized
freeze dried bone (DFDBA) or mineralized freeze-dried bone allografts (FDBA). Some DFDBA
bone grafts have reported to have osteoinductive properties because they may possess bone
morphogenic proteins (BMPs) expression.”!

Xenografts are bone grafts obtained from species different from the recipient.

Deproteinized bovine bone mineral (DBBM) commonly known as Bio-oss (Geistlich Pharma) is



the most used xenograft. They differ from allografts in that xenograft is osteoconductive and
serves as a scaffold for the subjects own cells to laydown bone and lack osteoinductive
properties.'” The Bio-oss grafting material is also available as the Bio-oss Collagen.” The
material is mixture of 90% cancellous bovine bone granules and 10% porcine collagen. The
composition of the Bio-Oss Collagen® allows for it to be in a solid block form. The solid form
permits easier handling during surgical procedures and shaping of the material into the

22,23

morphology of the defect.”"” Xenografts have the advantage of slow resorption which aids in

- : . . 2425
space maintenance while allowing new bone formation. “

The low sintering process creates
porosities within the bone particles which enable bone growth from the host cells. The ability
for space maintenance and bone in-growth make xenografts most appropriate for site
preservation compared to HA which lacks resorption and does not aid bone formation from
native bone cells.”®

Alloplasts are synthetic materials that are used for the purpose of site preservation.
Several forms of synthetic materials including hydroxyapatite,”’ p-tricalcium phosphate
(B-TCP),” calcium phosphate®® and bioactive glass polymers® are commonly used as bone
grafting materials for socket preservation.’® The benefit of using alloplastic materials during site
preservation is to preserve the alveolar ridge for non-implant supported prosthetics.’’ However,
the lack of resorption and turnover such as with HA does not make it the material of choice when
preparing implant placement.”” Avila-Ortiz conducted a systematic review and meta-analysis to
compare the effects of ridge preservation using xenografts, allografts and alloplasts. The results

showed that xenografts and allografts, in conjunction with a barrier membrane, have a greater

beneficial effect in bone height on the mid-buccal compared to alloplast materials.”” Thus, the



use of xenografts and allografts for socket preservation are more beneficial for the conservation

of the alveolar ridge when future implant placement is desired.
Soft Tissue Grafting

The placement of an autogenous gingival graft at the time of tooth extraction and site
preservation to maintain the tissue contours was introduced by Landsberg and Bichacho.” The
aim of this approach was to preserve ridge dimensions for a better esthetic outcome after implant
and restoration placement. The “Socket Seal Surgery” (SSS) consisted of socket preservation
using a bone graft and covering of the extraction site with a free gingival graft.”> Additionally, a
combination of an autogenous free-gingival and sub-epithelial connective tissue graft to preserve
the soft tissue volume and esthetics during implant placement have also been described.****
Yoshino et al. conducted a randomized clinical trial to compare immediate implant placement
and provisionalization with and without connective tissue graft. The results showed the same
implant success for both groups and highly favorable facial gingival levels in sites that received
tissue grafting. These results indicate that esthetic outcomes can be enhanced with the use of soft
tissue grafting at implant sites.”® Other reports®’ in the literature indicate that sites that receive
soft tissue grafting demonstrate more favorable tissue thickness and esthetics compared to sites

that do not receive any form of tissue grafting. However, the major disadvantage to soft tissue

grafts is the need for a second surgical site and co-morbidity to the patient.
Barrier Membranes

The use of barrier membranes for space maintenance and tissue/bone regeneration have
been studied. Initial attempts to compartmentalize tissues for the attempt of bone regeneration

can be traced to 1957 when Hurley and colleagues used cellulose acetate filters for guided bone



regeneration (GBR) in experimental spinal fusion. This work served as a foundation for the
current GBR techniques used in implant dentistry.’® Most recent, the development of resorbable
and non-resorbable barrier membranes have been employed for the preservation of the alveolar
bone dimensions at the time of tooth extraction.”

Scantlebury described five desired membrane characteristics that yield the best treatment
outcomes. These qualities include biocompatibility, space-making, cell-occlusiveness, tissue
integration, clinical manageability and tissue regeneration.* With this in mind, there are two
types of commonly used membranes; resorbable and non-resorbable membranes. The use of non-
resorbable barrier membranes during socket preservation have optimized the amount of ridge
preservation compared to the conventional method that consisted of no barrier.*' Additionally,
both types possess advantageous and disadvantageous qualities in their clinical use. Non-
resorbable, rigid and high density membranes, include polytetrafluoroethylene (PTFE)
membranes and titanium mesh membranes.*” PTFE membranes differ in their structure as
expanded-PTFE (e-PTFE) or high density-PTFE (d-PTFE) membranes. These membranes
require the fixation with titanium pins and offer considerable space maintenance and clot
stabilization over extraction sites that consequently receive implant placement.”® The outcomes
of ridge preservation using e-PTFE barrier membrane may show adequate ridge preservation for
future implant placement.”!

Titanium mesh membranes possess the advantage of space compartmentalization and
adequate stability, particularly when attempting vertical bone augmentation.*” Jovanic and Nevis,
introduced the titanium-reinforced membrane (Cytoplast”™), consisting of PTFE with titanium
integration, and reported superior outcomes compared to PTFE membranes alone as the

membrane provides greater support, better adaptation and less collapse due to the titanium



support.*’ The major disadvantages of non-resorbable membranes are the risk for membrane
exposure and infection during the course of healing as well as the need of a second surgery for
membrane removal.** These disadvantages generated development of bioresorbable materials
which may be derived from natural collagen polymers or synthetic materials.”

Disadvantages to resorbable membranes are the degree of unpredictable resorption which
could affect the quantity of ridge preservation in addition to difficulty with clinical manipulation,
and shortcomings with the ability to contain large particles.””* Advantages of GBR using
resorbable membranes at time of extraction include decrease in the loss of the alveolar bone
dimensions, decreased risk of membrane exposure, decreased risk for infection and the lack for
the need of a second surgical procedure.*® In a systematic review by Jensen et al., it was found
that the mean gain in ridge width for sites augmented with non-resorbable membrane was 2.9
mm. Sites augmented with resorbable membranes had a mean width gain of 4.2 mm and a lower
complication rate.*' Jung and colleagues evaluated the long-term survival of implants placed in
sites that had previously been treated with GBR using DBBM with a resorbable membrane vs
non-resorbable membrane (e-PTFE). The survival rates for the non-resorbable membrane group
and resorbable membrane group were 92.6% and 91.9%, respectively, with no statistical
significance. Thus, successful GBR yields high implant survival rates irrespective of membrane
type.*” The positive outcomes achieved in ridge width and lower complication rates with the use
of bioresorbable materials has led to major preference for resorbable membranes in clinical
application when performing GBR, GTR and socket preservation over non-resorbable
membranes.>
Collagen Sponges

Collagen sponges/plugs are adjuncts in site preservation. They are used to cover the



extraction site after bone grafting. The sponges are composed of bovine deep flexor (achilles)
tendon and recommended as wound dressing for clot stabilization.*® The estimated resorption
time is 10-14 days.*® The principle of collagen plugs for site closure consists of atraumatic
extraction, placement of a bone graft in the extraction site and closure of the socket with a
collagen plug.*’ The use of the collagen plug is to seal the site and prevent loss of the bone
grafting material. In addition, it aids clot formation and platelet aggregation.”’A widely used
method to preserve the hard and soft tissue dimensions at the time of extraction is the Bio-Col
socket preservation technique. The technique consists of the addition of anorganic bovine bone
mineral in the socket that is then covered by a collagen sponge. The Bio-Col technique also
proposes the use of a barrier membrane, when desired, to prevent epithelial cell migration.”® The
major advantage of using an absorbable collagen sponge for site preservation compared to a

membrane is the reduced cost to the practitioner and the patient.

A comparable technique was introduced by Wang, the “Allograft-Plug/Allo-Plug”
technique, consisting of the use of an allograft bone mineral for site preservation. The purpose
was to eliminate unintegrated bone grafting particles that occurred when using xenograft bone
grafting in the “Bio-Col” technique. The “Allo-Plug” technique uses an allograft bone mineral
and a collagen plug to seal the site. The authors found an average of 68.5% bone formation and
4.8% residual grafting material with the use of this technique.”’ A similar technique proposed by
Gupta et al., uses a xenograft bone grafting material during site preservation, followed by the
placement of a collagen plug and a resorbable membrane for site closure.” Kotsakis et al.
evaluated the efficacy in preservation of the ridge dimension with the use of a collagen plug.
They found a reduction in loss of dimension of approximately 12%.* This is comparable to other

studies in which a xenograft and a collagen plug demonstrated a width resorption of 14.26%.



Mucograft® Seal

The Geistlich Mucograft” Seal provides an alternative to soft tissue harvesting, collagen
plug and barrier membranes for the purpose of socket preservation.”* The Mucograft® Seal is a
three-dimensional matrix bilayer of type I and type III collagen that provides adequate clot
stabilization. The porous layer allows for rapid infiltration by the hosts mesenchymal cells and
the material provides attachment to the host tissues and blocks cell migration.” The membrane is
specifically designed for socket preservation. Clinically significant augmentation in keratinized
tissue, texture and color blending have been obtained with the use of the Mucograft” in the

treatment of keratinized tissue augmentation around teeth and implants.’*°

The Geistlich Mucograft® Seal can be used over bone graft material during socket
preservation in preparation for future implant placement.*’ A study conducted by Jung et al.
compared the use of Geistlich Mucograft® Seal with Bio-Oss® Collagen to other socket
preservation methods; 1. Bio-Oss® Collagen along with FGG, 2. BioOss” Collagen with
Mucograft® Seal, 3. p-tricalcium-phosphate-particles with polylactid coating (B-TCP), and 4.
Spontaneous healing (control). The results indicated that the use of Bio-Oss® Collagen with
either Geistlich Mucograft® Seal or a FGG, yielded less vertical and horizontal alveolar ridge

alterations compared to the control group 6 months after extraction.”’
Conclusion

Various clinical approaches and materials have been developed to minimize loss of
alveolar ridge dimensions and soft tissue loss subsequently of tooth extraction. New materials
and innovative treatment approaches have emerged due to the unavoidable loss of hard and soft

tissue that occurs as part of the natural remodeling process after tooth extraction. A greater



emphasis on the importance of the preservation of the ridge and soft tissue contours has also
been influenced by the increase in implant placement as a method for tooth replacement. Further
research regarding current materials for soft tissue management is needed to gain a better
understanding of the advantages of implementing new materials into clinical practice. The aim of
this project is to expand the current available information on soft tissue changes after tooth

extraction and socket preservation comparing a 3-D collagen matrix and a collagen sponge.
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VOLUMETRIC AND LINEAR ANALYSIS OF SOFT TISSUE CHANGES AFTER
TOOTH EXTRACTION AND SOCKET GRAFTING

Introduction

According to the definition of the American Academy of Periodontology, alveolar ridge
preservation is a surgical treatment performed to prevent ridge collapse and to conserve ridge
dimensions following removal of a tooth with the end goal of implant placement. This procedure
is carried out by implementing biomaterials and/or membranes.' A greater focus on preservation
of the alveolar ridge after extraction has emerged as dental implants become a predominant
therapy to replace missing teeth. The success and survival of dental implants are dependent on
proper three-dimensional positioning in the bone, the anatomical shape of the prosthetic
restoration, the quantity and quality of the soft tissue, and the presence of a balanced occlusion.
Adequate preservation of the alveolar bone dimension is of great importance to adequately place
dental implants. Various methods have been utilized with the intent of preserving the alveolar
ridge post-tooth extraction due to the importance that it has on prosthetic and esthetic outcomes
when replacing missing teeth. The objective of this study was to evaluate the linear and
volumetric soft tissue changes following socket grafting with a xenograft bone substitute and a
3-D collagen matrix (Bio-Oss Collagen™ + Mucograft Seal®) compared to socket grafting with a

xenograft bone substitute with the use of a collagen plug (Bio-Oss Collagen® + HeliPlug®).
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Materials and Methods

Study Population

This study consisted of 24 subjects (Table 1), ten men and fourteen women, with a mean

age of 50.83 £ 11.53 years (range 31 to 69 years). All patients were treated at the University of

North Carolina School of Dentistry Go Health Clinic. Both the test and the control group

consisted of 12 subjects with one maxillary premolar to premolar tooth that was determined

non-restorable by a general dentist.

Inclusion criteria:

1.

2.

Adult males or females age 18 to 80 years (inclusive).

Subjects were able and willing to follow study procedures and instructions in
English.

Subjects must have read, understood and signed an informed consent.

Subjects must have a maxillary premolar, canine, lateral incisor, or central incisor
with a non-restorable prognosis or a hopeless periodontal prognosis (Kwok and
Caton®) in which an implant was indicated without sinus displacement required.

Subjects undergoing implant placement were in adequate periodontal health prior to
implant placement. This includes having probing depth <4 mm for all remaining
teeth in the same quadrant of the proposed implant placement. Patients with
periodontal probing depths up to 5 mm were included if bleeding on probing was

absent. Subjects were considered periodontally stable prior to implant surgery.

Patients were recruited and randomly assigned to two groups (Figure 1):

Group 1. The control group received extraction and site preservation with xenograft

bone substitute (Bio-Oss Collagen®) and collagen dressing (HeliPlug®).
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Group 2. The test group received extraction and site preservation with xenograft
bone substitute (Bio-Oss Collagen®) and 3D-collagen matrix (Mucograft
Seal®).

All recruited subjects were previously approved and treatment planned for extraction, site
preservation and implant placement by non-study personnel to avoid any potential conflict of
interest. Subjects had radiographic images that demonstrated and confirmed the parameters of
the tooth planned for extraction. Subjects qualified for only one tooth extraction, site
preservation and dental implant.
Surgical Procedure

Extraction and socket preservation procedures were completed by the same clinician
(Figure 2). All surgeries were performed under local anesthesia using lidocaine with epinephrine
(Xylocaine 2%®-Epinephrine 1:100,000 and 1:50,000, Dentsply Pharmaceutical, York, PA,
USA). Subjects were randomly allocated the control or test group. All subjects had atraumatic
tooth extraction that was completed with minimal sectioning of teeth or bone. Thorough
curettage of the extraction socket was completed and was rinsed with sterile saline. Upon
completion of extraction, control subjects received site preservation therapy with the use of a
xenograft bone substitute (Bio-Oss® Collagen, 250 mg). The extraction site was covered with
collagen dressing (HeliPlug®). Suturing was completed with resorbable suture material (5-0
Vicryl-Ethicon, Inc., Somerville, NJ) to stabilize the collagen sponge. The test group received
site preservation therapy with xenograft bone substitute (Bio-Oss” Collagen, 250mg) and the
grafting material was covered with a 3D-collagen matrix (Mucograft Seal®). Suturing was
completed using non-resorbable suture material (6-0 Prolene — Ethicon, Inc., Somerville, NJ) and

resorbable suturing material (5-0 Vicryl — Ethicon, Inc., Somerville, NJ) to stabilize the collagen

18



matrix as recommend by the Mucograft® Seal manufacturing guideless (Figure 3). Subjects in
both groups were instructed to rinse twice daily with 0.12% chlorhexidine gluconate for 30
seconds and to avoid brushing or touching the area for two weeks. Subjects were given
prescriptions for postoperative medications. No temporary appliance was offered as part of the
study. Attwo weeks, subjects were advised to resume gentle brushing of the surgical site with a
soft toothbrush. Sutures were removed at the two-week post-operative appointment.

Data Collection and Processing

Subjects were seen at various follow up periods. Intra-oral scanning (Trios, 3Shape
scanner) obtained at the 1 month, 3 month and 6-month post-operative periods were used for
analysis (Fig 2). The purpose of the intra-oral scanning was to conduct soft tissue analysis to
compare the linear and volume changes between the study groups. Soft tissue changes were
evaluated by obtaining STL files originated from the intra-oral scanned images that were
analyzed by non-contact reverse engineering software (Geomagic Software). The linear
measurements were obtained at the levels 1 mm, 3 mm and 5 mm apical to the facial gingival
margin (Figure 4). The volumetric analysis was obtained by measuring the volume of the facial
soft tissue from the highest point of the interproximal papilla (mesial and distal to the tooth
examined) and extended apically to the length of the tooth root (Figure 5).

Results

Population Sample

A total of 24 patients were admitted and completed the soft tissue analysis study. Ten
males between ages 38 and 69 years (mean age 50.6 + 12.29) and fourteen females between ages
31 and 68 years (mean age 51.0 £ 11.42 ). The sample consisted of 4 central incisors, 7 lateral

incisors, 1 canine, 7 first premolars and 5 second premolars (Table 2).
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Soft Tissue Linear Analysis

Repeated measures were used to analyze the collected data. Results derived from the
linear soft tissue remodeling analysis demonstrated that site preservation with the use of a
xenograft bone substitute (BioOss Collagen™) + collagen dressing (HeliPlug®) showed a greater
linear bucco-lingual loss of soft tissue at the 1 mm, 3 mm and 5 mm below the gingival margin at
the 1, 3 and 6 month follow up (Figure 5 A, B, C). At the one month follow up the control group
(BioOss Collagen®™ + HeliPlug®) showed an average linear loss of soft tissue of 1.53 mm, 0.96
mm and 0.58 mm at the Imm, 3mm, and Smm, respectively, below the buccal gingival margin.
The test group (BioOss Collagen” + Mucograft Seal™) showed a lesser amount of linear soft
tissue loss with an average of 1.48 mm, 0.71 mm and 0.11 mm at the Imm, 3mm, and S5Smm,
respectively. There was an average increase in the loss of linear soft tissue in both groups at the 3
and 6 month follow up. At 3 months, the control sites showed an average loss of 2.20 mm, 1.92
mm and 1.17 mm at Imm, 3mm, and Smm respectively below the buccal gingival margin. The
average linear soft tissue loss at the test site was 1.92 mm, 1.47mm and 0.84 mm at the Imm, 3
mm and Smm respectively. At the 6-month time point, the control sites, showed an average loss
0of 2.07 mm, 1.8 mm and 1.36 mm at Imm, 3mm, and Smm respectively below the buccal
gingival margin. The average linear soft tissue loss at the test site was 1.97 mm, 1.58 mm and
1.04 mm at the Imm, 3 mm and Smm respectively (Table 3, Figure 6). The soft tissue changes
demonstrated loss on both study groups. The linear analysis between the test and control were

not statistically significant at any of the evaluated time points.

20



Soft Tissue Volumetric Analysis

The results of the volumetric analysis demonstrated less facial soft tissue loss with the
use of a 3-D collagen dressing at the time of extraction and site preservation (Table 4). At the
one month follow up, the control group (BioOss Collagen® + HeliPlug®) demonstrated an
average soft tissue loss of 50.8 mm? compared to the test group (BioOss Collagen® + Mucograft
Seal®) which showed an average of 32.0 mm’ in volumetric soft tissue loss. Both groups showed
volumetric loss from the 1 month to the 3 month follow up. At the 3-month assessment, the
facial soft tissue volumetric analysis demonstrated that the test sites lost an average in soft tissue
dimension of 64.8 mm’ compared to 86.6 mm’ in the control group. At the 6-month time point,
there was less loss of volume in the test sites, average of 68.8 mm’ compared to 87.6 mm” in the
control sites (Figure 7). The linear mixed model of repeated measures showed a statistically
significant difference in loss of soft tissue volume with longitudinal change from month 1 to
month 6 (p=0.009). The average volumetric difference was of about 25% less loss in the 3-D

collagen matrix group.

Discussion

The importance of site preservation at time of tooth extraction to decrease the loss in
ridge dimension has been established.* A greater loss in ridge height and width occurs when site
preservation is not completed. Socket grafting is the preferred and most effective method of
treatment to preserve the hard and soft tissue after tooth extraction. The esthetic zone is
considered an area of high risk for ridge alteration consequently of tooth extraction.” A buccal
wall thickness of 1-2 mm has been suggested to avoid significant ridge resorption at time of

tooth extraction.” However, clinical’ and radiographic® evaluations of the thickness of the buccal
grap
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wall of maxillary anterior teeth and premolars have found that in the majority of cases, the
average buccal bone thickness for anterior teeth is <Imm. Only <10% of buccal walls have a
width 2 mm.” Soft tissue biotype is also of interest when considering extraction and site
preservation for future implant placement. A recent study analyzed the interplay between biotype
(thick vs thin) and the underlying facial bone thickens after tooth extraction in which a collagen
sponge was used to stabilize the clot. Digital impressions of the soft tissue were taken and
analyzed using a digital software. The facial bone thickness was analyzed using CBCT images.
The authors concluded that soft tissue type did not have an influence in soft tissue contour at 8
weeks of healing between thick and thin tissue biotypes.” It is also accepted that dimensional
bone and tissue changes is an unavoidable outcome of extraction. Accordingly, site preservation
is highly encouraged as it can reduce loss of ridge loss by -1.47 mm vertically and -1.83 mm

horizontally.’

For this reason, site preservation is highly recommended to preserve the soft and hard
tissue dimensions when considering implants for tooth replacement. Soft tissue, resorbable and
non-resorbable membranes, collagen sponges and various bone grafting materials have been used
to help maintain ridge morphology and soft tissue at time of tooth extraction. The porcine 3-D
collagen matrix (Geistlich Mucograft™) has been used for soft tissue regeneration as an
alternative to using an autogenous donor graft from the patient.'”'" As a modification, the
Geistlich Mucograft® Seal, was specifically designed for soft tissue regeneration over an
12,13

extraction site. The collagen matrix has been shown to promote faster healing'?, integration,

and adaptation when used in combination with the Geistlich Bio-Oss Collagen.”
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A recent study by Natto and investigators compared the clinical, radiographic soft and
hard tissue dimensional changes after socket preservation using FDBA with a collagen sponge
(control) and the Geistlich Mucograft® Seal (test). Clinical soft tissue measurements were
performed using radiographic stents. The linear measurements showed both treatment modalities
were effective in preserving the alveolar ridge. The mean width reduction with the collagen
sponge was 1.47 mm (20.40%) compared to 1.21 mm (14.91%) with the collagen membrane.
The results did not show significant difference between the groups.'* In another 6-month study,
soft tissue analysis of socket preservation was performed in four groups that received 1. B-TCP
particles with no soft tissue treatment, 2. DBBM + 10% collagen covered with a collagen matrix
(Geistlich Mucograft™), 3. DBBM + 10% collagen covered with soft tissue graft and 4. No site
preservation (control). The linear soft tissue analysis was performed using scanned models that
were analyzed with digital software. Although the results did not show statistical significance, at
6 months, the groups treated with a Mucograft® and soft tissue graft had a reduced amount of
soft tissue loss, -1.2 £ 0.5 mm and -1.2 + 0.7 mm respectively, compared to the B-TCP and the

no treatment groups, -1.7 = 0.7 mm and -1.8 + 0.8mm, respectively."

In our investigation, 12 test and 12 control subjects received socket preservation with
xenograft grafting material (Bio-Oss Collagen®). In the control group, the site was covered with
a collagen sponge (HeliPlug™) and the test group with a 3D-collagen matrix (Geistlich
Mucograft® Seal). Clinical evaluation was obtained with the use of an intraoral scanner (Trios,
3Shape) and soft tissue analysis was performed using an advanced non-contact reverse
engineering software (Geomagic Software). Our study conducted linear measurements at Imm,
3mm and Smm below the gingival margin. Volumetric soft tissue analysis consisted of tissue that

extended from the interproximal papilla (mesial and distal) to the length of the root. Comparable
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to the results found by Natto et al., and Schneider et al., our linear results demonstrated less soft
tissue loss using the 3D-collagen matrix (Geistlich Mucograft® Seal) compared to a collagen
sponge (HeliPlug®). Similarly, the results were not statically significant. Statistical significance
in longitudinal change was found in the volumetric tissue changes between the test and control
groups. At 6 months, an average volume loss of 68.61 mm’ was seen in the Geistlich Mucograft®
Seal group compared to 87.65 mm’ in the HeliPlug® group. Based on this data, the findings
indicate that the use of a 3D-collagen matrix pose a more beneficial soft tissue response which
potentially impacts implant esthetic outcome when considering placement of implants in the
esthetic zone. Limitations to our study include a small sample size and a wide spread of teeth as
it included premolars, canines, lateral and central incisors. Further studies are needed with a
larger sample that can analyze the benefits of this technique in a more uniform sample.

Conclusion

Based on the results of the volumetric analysis, the treatment of site preservation with
Bios Collagen®™ + Mucograft Seal” can benefit clinicians when managing soft tissue contours
around implants in the esthetic zone.
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Tables

Table 1: Demographics of study population

h Average Age (yrs) Male Female
Test 12 45.25 5 7
Control 12 56.42 5 7
Table 2: Distribution of teeth
lst an
Central Lateral Canine
Premolar Premolar
Test 1 4 0 4 3
Control 3 3 1 3 2
Table 3: Average linear soft tissue loss (mm).
1mm 3mm 5mm
Test Control Test Control Test Control
Mean -1.48 -1.53 -0.71 -0.96 -0.11 -0.58
Month 1
Standard dev. 0.77 0.70 0.50 0.75 0.38 0.83
Mean -1.92 -2.20 -1.47 -1.92 -0.84 -1.17
Month 3
Standard dev. 0.58 0.90 0.70 0.82 0.77 0.49
Mean -1.97 -2.07 -1.58 -1.80 -1.05 -1.36
Month 6
Standard dev. 0.64 0.75 0.62 0.62 0.53 0.58
Table 4: Average volumetric soft tissue loss (mm?)
Test Control
Mean -32.02 -50.86
Month 1
Standard dev. 26.64 32.36
Mean -64.87 -86.65
Month 3
Standard dev. 27.26 33.65
Mean -68.61 -87.65
Month 6
Standard dev. 25.41 39.19
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Figures

Figure 1: Subjects who met the inclusion criteria where randomly assigned to the test or the
control group.

24 patients

(50.83 £ 11.53 yrs)
(10 males, 14 females)

Non-smokers
Adequate periodontal health
Approved and treatment planned for ext+site preservation +
implant (MxPM, canine, incisors) + CBCT
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Figure 2: Timeline of Treatment Procedures
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Figure 3: Fig 3A; site preservation with collagen sponge (control), Fig. 3B; site preservation
with 3-D collagen matrix.
3A

Figure 4: Visual representation of the linear analysis; digital images where obtained with an
intra-oral scanner. The images were converted into STL files and linear soft tissue changes were
analyzed by segmentation at 1 mm, 3mm and 5 mm below the gingival margin (3 mm and 5 mm
shown). Negative numbers indicate soft tissue loss, positive numbers indicate soft tissue gain.
Image shows tissue loss displayed in shades of blue.

Figure S: Visual Representation of the volumetric analysis; the facial volume measured was
obtained from the highest point of the mesial and distal papilla and extended apically to the
length of the tooth root.

,‘“’L
>
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Figure 6: Linear Measurement Analysis
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Fig. 6A. Average linear soft tissue
loss at 1 mm from gingival
margin with standard error.

Fig. 6B. Average linear soft tissue
loss at 3 mm from gingival
margin with standard error.

Fig. 6C. Average linear soft tissue
loss at 5 mm from gingival
margin with standard error.



Figure 7: Volumetric measurement analysis of soft tissue loss at the 1 month, 3 month and 6
month follow up with standard error.
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