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SUMMARY:
The aim of this study was to evaluate the long-term stability of the results achieved in peri
implant tissue grafting by means of a collagen matrix.

ABSTRACT:

When keratinized tissue width around dental implants is poorly represented, the clinician could
resort to autogenous soft tissue grafting. Autogenous soft tissue grafting procedures are usually
associated with a certain degree of morbidity. Collagen matrices could be used as an alternative
to reduce morbidity and intra-operatory times. The aim of this study was to evaluate the
effectiveness of a xenogeneic collagen matrix when used as soft tissue grafting in the peri-
implant area. Vestibuloplasty and keratinized tissue reconstruction around dental implants
were performed in 15 patients using a porcine collagen matrix as the graft substitute. Then the
obtained keratinized tissues were measured and evaluated after 6 months, 1 year, 4 years, and
5 years. The average gain of keratinized tissue was 5.7 mm. After 6 months, a resorption of 37%
was observed. Secondary outcomes like hemostasis and morbidity were recorded as well. No
complications were observed and minimal pain was reported in all the subjects. No bleeding or
adverse reaction occurred in any patients. The present study suggests how the porcine collagen
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matrix can be used in keratinized tissue augmentation, thus reducing morbidity and the need of
a second surgical site with limited tissue availability.

INTRODUCTION:

The aim of the present research is to evaluate the efficacy in achieving keratinized tissue
augmentation of a collagen matrix in a standard apically positioned flap (APF) procedure.
Today, it is widely recognized that a sufficient amount of keratinized tissue is more than
desirable around both teeth and dental implants: this type of tissue prevents gingival recession
in association with the presence of plaque 1.

A surgical technique based on an APF for vestibuloplasty associated with grafting materials
(whether autologous or not) is considered the gold standard for soft tissue augmentation 2. In
the past few years collagen matrices have been studied as a valid substitute for free gingival
grafts, in particular the porcine collagen matrix 4.

The xenogeneic porcine collagen matrix used in this study is a class lll medical device according
to the Medical Device Directive 93/42 (EEC, European economic community, definitions: 1.1:
long-term implant; 1.2: implantable; 8: resorbable and 17: porcine origin). It consists of a
unique structure composed by two functional layers: a cell occlusive layer with a smooth
surface made of collagen fibers in a compact texture, and an underlying porous face, specifically
reconstituted from collagen fibers. The collagen is processed to favor immediate blood clot
stabilization. This helps early vascularization phases?®, leading to a soft-tissue cell ingrowth?
and excellent integration of the 3D collagen matrix with surrounding tissues>®. Both the EU and
US Food and Drug Administration cleared the product for regenerative therapy involving teeth
and implants.

So far, a small number of studies have demonstrated that collagen matrices are reliable and
comparable with free gingival grafts for keratinized tissue augmentation around both teeth or
dental implants 711, Additional advantages are a lower patient morbidity due to the absence
of a donor site and the high aesthetic value, matching the texture and color of the adjacent
mucosa 112,

PROTOCOL:

The following protocol was approved by the institution’s (Fondazione IRCCS Ca Granda) human
research ethics committee

1. Patient Selection, Pre-Operative Instructions, and Preparation

1.1.  Consider both male and female patients, older than 18 years old, with deficient
keratinized mucosa < 2 mm surrounding one or more dental implants as valid candidates.

Note: Exclude the following: smokers or diabetic patients; patients with a history of tumor in
the head or neck area and/or radiotherapy; immunodeficiency; Sjogren syndrome, patients



consuming bisphosphonates or drugs affecting the quality/quantity of soft and hard tissues in
the oral cavity.

1.2.  One week before surgery, send the patient’s dental records to a dental laboratory to
prepare a transparent acrylic stent that extends deep in the vestibule: this splint will be used
after surgery.

1.3. Mount a 105 mm macro lens on a Digital Single-Lens Reflex (DSLR) camera. Set the
digital camera as following: diaphragm aperture 32, International Organization of
Standardization (ISO) 200, exposition 1/125. Take digital pictures of the area of interest using
intraoral mirrors.

1.4. Instruct the patient to start mouth washes with 0.2% digluconate chlorehexidine twice a
day, 1-day prior to surgery in order to disinfect the oral mucosa.

2. Surgery

2.1. Receiving site preparation

2.1.1. Infiltrate local anesthetic (articaine + adrenaline 1:100,000 in 1.8 mL cartridges, if no
allergies are referred) with a syringe, equipped with a 30G 21 mm needle, in the area of

interest.

2.1.2. With a surgical scalpel (No. 15C blade), perform a split thickness (deep enough to reach
the periosteum) incision based on the length of the area in need of treatment.

Note: Make the incision in the residual keratinized mucosal band, in order to promote the
invasion of keratinized epithelial cells in the collagen matrix; record the time.

2.1.3. With the same surgical scalpel (No. 15C blade), perform two release split thickness
incisions (deep enough to reach the periosteum), mesial and distal to the first one.

2.1.4. Raise a split-thickness flap: while helping with surgical pliers and by using a #7 Goldman-
Fox knife or a surgical scalpel (No. 15C blade), dissect the epidermal and connective tissue from
the underlying periosteum.

2.1.5. With the same instruments, carefully dissect the muscle fibers and reduce them to the
depth of the vestibule, to maintain results over time.

2.1.6. If present, remove fat tissue using a sharp surgical scissors to facilitate and achieve
better healing.

2.1.7. Suture the split-thickness flap, by means of a 5/0 nylon suture and a Castroviejo needle-
holder, to the surrounding mucosa and periosteum, with separate stiches.



2.1.8. Measure the length (between the two release incisions) and depth (to where the flap
has been dissected apically) of the denuded area with a 15-mm North Carolina periodontal
probe.

2.1.9. Take digital photographs (as in step 1.3).
2.2. Collagen matrix manipulation and application
2.2.1. Open the sterile box of collagen matrix.

2.2.2. With sharp surgical scissors, cut and shape the collagen matrix based on the
measurements of the denuded area.

2.2.3. Apply the collagen matrix: the porous layer has to be in contact with the underlying
periosteum, while the smooth surface will face the vestibule.

2.2.4. Suture the matrix with 5/0 nylon sutures to the surrounding tissue, being careful to have
the coronal and apical portion of the matrix in contact with keratinized tissue; record the time
(Figure 1).

2.2.5. Evaluate the post-operative bleeding and hemostatic effect of the matrix. To evaluate
bleeding, monitor the wound for 10 min and observe if any bleeding develops; if not bleeding,
the matrix has an excellent hemostatic effect.

2.2.6. Take digital photographs (as in step 1.3).
2.3. Acrylic splint application (Figure 2)

2.3.1. Make sure that the acrylic splint extends to the depth of the newly created vestibule:
this will prevent muscle fibers to relapse, thus losing the initial height gain. The splint must be
in close contact with the vestibular fornix, exercising a gentle pressure on it (the mucosa must
not be stretched).

2.3.2. Make sure, visually, that the splint is not in contact with the wound (the transparent
material will help). The splint must not compress the collagen matrix, or poor healing could
occur.

2.3.3. Take digital photographs (as in step 1.3).

2.3.4. Show the patient how to position the splint and how to remove it. To position the splint,
a slight pressure will fix it to the surrounding teeth, while to remove it, simply apply force in the
opposite direction. Instruct the patient to keep the splint in position for 10 days after surgery
and to remove it for eating and cleaning.



2.3.5. Instruct the patient to irrigate with a 10-mL syringe, the area twice a day for 10 days
with a 0.9% NaCl solution and 0.2% digluconate chlorhexidine.

3. Follow-up
3.1.  Visit the patient after 3 days post-surgery (Figure 3).

3.2.  Assess post-operative pain the Mankoski’s pain scale'? using as a reference, and assess
bleeding (ask the patient if any bleeding was noticed in the two days after surgery).

3.3.  After 10 days, remove the sutures and instruct the patient to no longer wear the splint.
(Figure 4).

Note: Some sutures can be left in place to better measure the grafted area (if needed).

3.4. Evaluate healing after 2 weeks. Evaluate the new epithelization of the grafted area.
Remove all the remaining sutures (Figure 5).

3.5.  1-Month Follow-up: Assess healing by visual examination (Figure 6).

3.6. 2-Month Follow-up: Assess healing by visual examination. Healing should be complete in
100% of patients (Figure 7).

3.7. 6-Month Follow-up: Assess tissue and color integration. The tissue must be
indistinguishable from the adjacent mucosa (Figure 8).

3.8.  Take digital photographs at each step (from steps 3.2 to 3.7).

REPRESENTATIVE RESULTS:

3 male and 12 female patients participated in the study, with 4 surgeries in the maxilla and 11
in the mandible. Depending on the size of the receiving area, measurements were taken from 3
to 5 points mesial to distal. The matrix’s average size was approximately 22 mm in length per 8
mm in height. The pre-operative keratinized tissue mean value was 4.1 mm, whilst the post-
operative value was 9.4 mm, leading to an initial mean gain of 5.3 mm. 6 months after surgery,
a mean loss of 2.2 mm, corresponding to 39.5% height reduction of the original gain, occurred
with a final result of 7.3 mm (Figure 9).

After 1 month, healing was complete in 14 out of 15 patients. After 6 months, the new tissue
appeared fully matured and indistinguishable from the surrounding tissue. All data were
elaborated with the Analysis of Variance (ANOVA) repeated measurements method. Genetical
pre-determination of keratinized tissue height was confirmed as it was assessed clinically that
this value was never lower than the adjacent sites. According to the post-operative experience
described by the patients, there was no bleeding, and the level of pain felt after surgery was



very low to no pain at all (only 2 patients took a mild analgesic).

FIGURE AND TABLE LEGENDS:

Figure 1. Collagen matrix placement in the soft tissues defect requiring keratinized gingiva
augmentation. The matrix is designed and placed based on the defect area shape and
extension. The collagen matrix is sutured to the surrounding tissues with 5/0 nylon stitches.

Figure 2. Acrylic splint in position after surgery. The acrylic splint is placed over and not in
contact with the collagen matrix to improve the new vestibule expansion. It will be kept for 10
days, and only removed during eating and cleaning.

Figure 3. 3 days post-operative check. It is evident how the fibrin covers the entire graft.
Figure 4. 10 days post-operative check. Healing is proceeding, and epithelization is starting.

Figure 5. 14 days post-operative check. Few sutures are left in place to facilitate
measurements, and epithelization is almost complete.

Figure 6. Photograph taken at 1 month after surgery. Healing is complete and keratinized
tissue is present.

Figure 7. 2-Month follow-up check. A good quantity of fully matured keratinized tissue is
visible.

Figure 8. 6-Month follow-up check. The reduction of keratinized tissue is evident, but the
residual amount is more than desirable for the final prosthetic rehabilitation.

Figure 9. Graft shrinkage over time. It can be observed the 2.2 mm reduction of keratinized
gingival in the 6-month period. Considering the original gain of 9.4 mm, the shrinkage showed a
rate of 39.5%.

DISCUSSION:

The study’s aim was to evaluate the efficacy of a xenogeneic collagen matrix, used as a

soft tissue graft substitute in the reconstruction of an adequate amount (at least 2 mm)
of keratinized peri-implant tissue. The main parameters taken into consideration were:
shrinkage, re-epithelization, hemostatic effect, post-operative morbidity, and aesthetic
outcome.

The outcome of the present study can be compared with the results of other papers
found in literature reporting the use of non-autologous grafting in soft tissue
reconstruction techniques. The protocol showed the efficacy of the collagen matrix in
obtaining a new keratinized mucosa; however, it is important to focus on the critical steps
of the technique: the manipulation phase and the suture phase. Despite the successful
results, the device presented limits during the manipulation and designing due to its



reduced thickness. For the same reason, despite the new level recorded of the
keratinized tissue (7.3 mm), a reduced thickness compared to the areas surrounding the
defects was observed clinically.

The suture phase required a significant amount of the procedure time due to the difficult
manipulation and the higher number of sutures needed to stabilize the device. Sutures
were placed with extreme precision all around the device’s perimeter, in order to
improve the contact area with the vascular bed and reduce possible movement in the
early phases. The multiple single sutures around the entire border, the placement of the
acrylic stent, and the post-operative instruction improved both the stability of the matrix
and the healing during the first days, which represent the most critical phase of the
healing period.

Wei and Laurell, in 2001, in a clinical and a histological study performed on 12 patients,
compared the increment of adherent mucosa in two groups: the first composed of 6
patients receiving an autologous graft while the second, an allogeneic one **5, They
observed an increment of adherent mucosa in both groups, but they noticed how the
gain was very poor using the allogeneic graft. This was caused by an excessive shrinkage
of the graft in the post-operative period. The histological analysis showed that a tissue
very similar to scar tissue and incapable of inducing cellular differentiation, characterized
all grafted sites.

Shrinkage and thickness are two of the most important parameters concerning soft tissue
regenerative techniques. One of the most important issues when using the allogeneic
material is the fast resorption *%°, which leads to a disturbed healing. As for the
connective tissue graft, the epithelialization of the acellular matrices starts from the
surrounding tissue proliferation. To gain keratinized tissue, it is necessary to put the
borders of the graft in contact with the host's keratinized mucosa 6. Sanz et al. in 2009
confirmed the reliability of xenogeneic collagen matrices, which provided predictable and
satisfactory results. They evaluated, using a porcine derived collagen matrix, the efficacy
in gaining keratinized tissue in comparison with an autologous graft. After 6 months, the
data collected in both groups were nearly the same, showing an insignificant statistical
variance (60% shrinkage for the autologous and 67% for the xenogeneic material) /. The
similarity of the results between the porcine and autograft groups suggest how this
technique is not only comparable to the gold standard technique, but is also capable of
reducing morbidity and intra-operative times, and avoiding the need of a donor site. This
represents a significant point compared to the classic, existing method. In the present
paper similar data were collected, even if the absence of a control group represented a
limitation of the study.

The results presented here can be considered satisfactory for the set endpoints,
according to the other authors. In all the mentioned studies here, including the present
study, one factor is particularly highlighted concerning the post-operative course: the
great decrease in morbidity'®'’. The xenogeneic material is very easy to use and handle.



The average time of surgery is about 30 minutes (excluding anesthesia)’. Furthermore,
all grafted sites showed, once the healing was completed, an optimal integration with the
surrounding area, and a good aesthetic profile, as compared to previous studies®127,

The present study suggests how this type of collagen matrix can be used in patients needing a
keratinized tissue augmentation surrounding dental implants, results in a great aesthetic
outcome and causes very little pain. Future studies should focus on the thickness of the
collagen matrices, its long-term stability, and its application in similar techniques in the
intraoral district for keratinized augmentation.
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Materials Table

Name of Material/ Equipment
Mucograft

Ubistesin Articaine Hydrochloride
4% + epinephrine 1:200,000

Curasept: Digluconate
Chlorhexidine 0.2%
15c blade surgical scalpel
Adson Surgical tissue pliers
Goldman Fox n°7
Straight Kelly scissors
Castroviejo
Periodontal probe
5/0 Ethilon Nylon Suture
Protection splint
SPSS Statistics
Needle 30Gauge 21 mm
Nikon D90 DSLR camera
Sigma 105mm 2.8
Intraoral mirror

Company

Gesitlich Pharma AG

3M

CURADEN HEALTHCARE S.p.A

Henry-Schein / Krugg
Hu-Friedy
Hu-Friedy
Hu-Friedy
Hu-Friedy
Hu-Friedy

Ethicon
Technician Lab.
IBM
Heraeus
Nikon
Sigma
Smart Europe

Click here to download Materials Table JoVE_Materials correct.xls

Catalog Number

15035

10 58330
TP42
KGF7CH
s2|
NHCV
PCPUNC156
668h

09 85900

32989

Comments/Description

Xenogenic porcine collagen matrix

Local Anesthetic

Mouth wash

Surigcal knife

Needle-holder

15mm North Carolina probe
Monofilament nylon suture
Methyl-methacrylate resin splint

Statistic analysis software

Digital camera
Optical lens
Lateral intraoral mirror
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Dear Editor and Reviewers,

We sincerely thank you for the time spent revising our manuscript and the comments about it.

We have modified the paper following your insight on the manuscript and hope that this revised version
will please you.

EDITORIAL COMMENTS:
2. Please provide an email address for each author on the first page.

Emails provided for each author

3. Please define all abbreviations before use.

All abbreviations defined (EEC, ANOVA)

4. Please revise the Introduction to include all of the following:

a) A clear statement of the overall goal of this method

b) The rationale behind the development and/or use of this technique

¢) The advantages over alternative techniques with applicable references to previous studies

d) A description of the context of the technique in the wider body of literature

e) Information to help readers to determine whether the method is appropriate for their application

Introduction modified as requested. Points a-b-c-e were better defined and point c elaborated with references to
systemical reviews

5. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to
do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in
complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be”
throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.”
However, notes should be concise and used sparingly. Please include all safety procedures and use of hoods, etc.

Imperative tense corrected throughout the entire protocol

6. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text between
sections. The Protocol steps should contain only 2-3 actions per step and a maximum of 4 sentences per step.

Protocol sentences and steps were checked

7. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to
published material specifying how to perform the protocol action.

Protocol modified as requested

8. Please include an ethics statement before the numbered protocol steps, indicating that the protocol follows the
guidelines of your institution’s human research ethics committee.

Ethic statement added

9. Please leave a blank line between all protocol steps as well as Notes.

Blank lines present

10. Please revise the protocol text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).

Personal pronouns were removed

11. Protocol: 1.1: Please use the imperative tense.

Imperative tense used
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12. Protocol: 1.2: How to prepare the acrylic stent? Please describe the actions clearly or refer to appropriate
references.

Acrylic stent is prepared by the dental laboratory, as better defined in the text. Each laboratory could use different
techniques, as far as we know.

13. Protocol: 1.3: Please use the imperative tense. How are digital picture taken? Which technique?

Description on how to take intraoral pictures for the case given was added

14. Protocol: 1.4: Please use the imperative tense. How many time they should wash their mouths?

Twice a day added to text

15. Protocol: 2.1.1: Which instrument used? Please clearly describe the actions.

Instrument specified, actions better described

16. Protocol: 2.1.2: Please avoid the use of any personal pronouns.

Personal pronouns removed from text

17. Protocol: 2.1.3: How is that done? Using what?

Actions and materials better described

18. Protocol: 2.1.4: Please avoid the use of any personal pronouns.

Personal pronouns removed from text

19. Protocol: How to measure? Please describe clearly ore refer to an appropriate reference.

Description on how to measure added

20. Protocol: 2.1.9, 2.2.6, 2.3.3: How are digital picture taken? Which technique and device?

See point 13

21. Protocol: 2.2.3: Please use the imperative tense for all the actions.

Correction made

22. Protocol: 2.2.5: How is that done?

Description added

23. Protocol: 2.3.1: How to make sure? What should be checked?

Description added

24. Protocol: 2.3.2: How to check that is not compressing the collagen matrix.

Acrylic stent must not touch the membrane, as better specified in text

25. Protocol: 2.3.4: What is exactly the instruction? We need all the details for filming.
Instructions added

26. Protocol: 2.3.5: How much solution in needed for each so-called irrigation?

10ml Nacl, as added into text

27. Protocol: 3.2: How is that done? What is the protocol for that? Please explain or refer to an appropriate
reference.



Reference added to mankoski’'s pain scale

28. Protocol: 3.4: How to evaluate? What should be checked?

New epithelization should be checked, as added into text

29. Protocol: 3.5, 3.6, 3.7: Please describe the actions clearly.

Actions better described

30. Protocol: 3.8: Each step? Do you mean steps 3.2-3.7?

Yes, we meant from 3.2 to 3.7, as added to text.

31. As we are a methods journal, please revise the Discussion to explicitly cover the following in detail in 3-6
paragraphs with citations:

a) Critical steps within the protocol

b) Any modifications and troubleshooting of the technique

c¢) Any limitations of the technique

d) The significance with respect to existing methods

e) Any future applications of the technique

We explicitly addressed your requests. We described the critical steps and the limitation of the techniques. We
compared the results with existing methods and described possible future study.

32. If you are reusing figures from a previous publication, you must obtain explicit permission to re-use the figure
from the previous publisher (this can be in the form of a letter from an editor or a link to the editorial policies that
allows you to re-publish the figure). Please upload the text of the re-print permission (may be copied and pasted
from an email/website) as a Word document to the Editorial Manager site in the "Supplemental files (as requested
by JOVE)" section. Please also cite the figure appropriately in the figure legend, i.e. "This figure has been modified
from [AUTHOR] et al.[REFERENCE]".

Pictures from previous publication were changed with different ones.

33. Please revise the table of the essential supplies, reagents, and equipment. The table should include the name,
company, and catalog number of all relevant materials in separate columns in an xIs/xlIsx file. Please list all the
materials, equipment, instrument, and software used in your work.

Table completed with other material

Thank you again for your kind attention.

Best regards,

Dr. Luca Pivetti



