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Abstract: Background and objectives: The collagen matrices are widely used for regeneration procedures alone or in combination with
other dental regeneration materials. The aim of this work was to evaluate the soft tissue healing with acellular dermal collagen matrix
(ADCM) being used in various defects. Materials and Methods: The ADCM - mucoderm® was used in peri-implant soft tissue
augmentation, hard and soft tissue management in immediate restoration and sealing of extraction socket. For that reason, five
patients were retrospectively analysed. Results: The collagen matrix underwent active remodelling into new soft tissue and successful

soft tissue healing was observed. Conclusion: The use of mucoderm® led to successful soft tissue treatment in various defects.
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Introduction

The dental regeneration biomaterials have been used for regeneration purposes since many years now [1], [2]. They can
mainly be classified as biomaterials for hard and soft tissue regeneration [3]. Such materials can be derived from natural
(xenogenic, allogenic, autogenic) or synthetic origin and can be divided into granules, blocks, fleeces, barrier membranes
and collagen matrices [4].

Nowadays the collagen matrices are mainly used as an alternative for connective tissue grafts [5]—[7]. They consist of
collagen, which undergoes complete remodelling into new patient’s soft tissue [8], [9]. However, the variations in their
production process can significantly alter the clinical outcome [10].

To be more specific, the currently commercially available collagen matrices have certain advantages and disadvantages
that questions their successful performance in various indications [11]. For example, the combination of peritoneum
derived barrier membrane with fleece to produce collagen matrix such as Mucograft® results into faster degradation time
if compared to long-time resorbing GBR membrane [12], [13]. This affects the new bone formation in combination with
particulate graft material and can possibly influence the successful remodelling of the soft tissue. For that reason, the
dermally derived collagen matrices - ADCM attract much more attention these days. They have improved handling and
longer lasting degradation time, which in turn provides better conditions for soft tissue healing [8], [14]. AlloDerm
SELECT™ Regenerative Tissue Matrix (RTM) is a human derived ADCM and has been a widely accepted for various soft
tissue applications [15]. However, exposed AlloDerm can produce a pungent, necrotic smell that makes the patient
uncomfortable, which is most probably due to its human processed tissue manufacturing method [16]. On the other

hand, the use of mucoderm®, a porcine derived dermis that undergoes a multi-step purification process, doesn’t show
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that problem, has proven as successful to facilitate soft tissue regeneration and undergoes complete remodeling into
patient’s own tissue in 6-9 months [8], [17].
The aim of this work was to evaluate the soft tissue healing with ADCM - mucoderm® in various indications. To realize

that we retrospectively analysed several patients with different defects that were treated with one and same ADCM.

Materials and Methods
Five patients were retrospectively analyzed after being successfully treated with acellular dermal collagen matrix-ADCM
(mucoderm®, Botiss biomaterials GmbH, Zossen, Germany) (Table 1). All patients gave their informed consent before the

treatment started and all cases were conducted in accordance with the Declaration of Helsinki 2013.

Table 1. Overview of the indications and recorded healing period after treatment

Indication Recorded healing period
Patient 1 Peri-implant soft tissue augmentation 3 months

for pontic
Patient 2 Hard and Soft tissue managementin 15 days, 2 months, 2,5 months

intermediate restoration in the
esthetic area with partial edentulism

Patient 3 Immediate implantation 7 days, 3 months
Patient 4 Sealing of extraction socket 7 days, 2 months
Patient 5 Sealing of extraction socket 2 months

Patient 1 was 81 years old, nonsmoker normal healthy male. After clinical and radiographic examination of the anatomy,
a lost ridge bone and keratinized tissue after tooth extraction was observed (Figure 1a). Non-inflammatory healthy soft
tissue with good oral hygiene was detected, allowing the course of treatment to be planned together with the patient.
Due to the patient's refusal to use autologous soft tissue grafts, treatment with ADCM after placing of two implants was
chosen (Figure 1b). For that reason, mucoderm® was cut in two halves and inserted buccally to increase the soft tissue
volume, to decrease soft tissue mobility and obtain a certain degree of new keratinized tissue. Then tension-free wound

closure with slightly exposed ADCM area was left (Figure 1c).
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Figure 1. Patient 1: (a) Initial clinical situation; (b) treatment with mucoderm®; (c) tension-free suturing.

In patient 2, a 67-year-old nonsmoker female, the clinical and radiographic examination showed fistula and abscesses
which required tooth extraction at position 11 and 21 (Figure 2a). After crestal incision and placement of two implants

(Figure 2b), the sockets were preserved with xenograft (cerabone®, botiss biomaterials GmbH, Zossen, Germany) (Figure
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2c). Then mucoderm® was used for a coverage of the ridge preservation areas in the central incisors and soft tissue

volume augmentation in lateral incisors areas (Figure 2d) before wound closure (Figure 2e).

T o MR s~

Figure 2. Patient 2: (a) Initial clinical situation; (b) placed implants; (c) socket preservation with cerabone®; (d)
coverage and soft tissue management with mucoderm®; (e) wound closure.

The clinical and radiographic examination in patient 3, an 87-year-old nonsmoker female, showed a severe decay of the
molar which required tooth extraction before immediate implant placement (Figure 3a, b). For that reason, a flap was
prepared, tooth at position 35 was extracted, implants were inserted at position 35 and 34, and the gaps around the
implant were filled with bi-phasic synthetic graft (maxresorb®, botiss biomaterials GmbH, Zossen, Germany) (Figure 3c).
Then mucoderm® was buccally positioned for soft tissue thickening purpose (Figure 3d). Finally, the area was covered
with collagen fleece (collafleece®, botiss biomaterials GmbH, Zossen, Germany) (Figure 3e), which allowed flap

adaptation and suturing by leaving the fleece partially exposed (Figure 3f).

Figure 3. Patient 3: (a) X-ray control; (b) Initial clinical situation; (c) immediate implant placement with
maxresorb®; (d) coverage and soft tissue management with mucoderm®; (e) coverage with collafleece®; (f)
wound closure with fleece partially exposed.
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Patient 4, a 41-year-old nonsmoker male, underwent tooth extraction due to root fracture (Figure 4a). After atraumatic
extraction with intact bony walls and leaving favorable socket morphology, the blood clot was stabilized with mucoderm®
alone (Figure 4b). Then the socket was further stabilized with a cross-suture by leaving mucoderm® exposed (Figure 4c).

Like this, the socket was easily protected and prepared for an early implant placement procedure.

Figure 4. Patient 4: (a) Atraumatic extraction socket; (b) blood clot stabilization with mucoderm®; (c) stabilization by
cross-suture.

Patient 5, a 48-year-old non-smoker female, required tooth extraction due endodontic failure of a molar (Figure 5a). Here
an atraumatic extraction with intact bony walls was also achieved (Figure 5b). Since favorable alveolar bone defect
geometry was present, the blood clot was then stabilized with mucoderm® alone and cross-suture (Figure 5c). This

treatment prepared the socket for an early implant placement procedure.

" (b)

Figure 5. Patient 5: (a) X-ray showing endodontic failure; (b) atraumatic tooth extraction; (c) blood cloth
stabilization with mucoderm®.

Results
Patient 1 had complication free healing and larger layer of keratinized tissue was observed 3 months after the operation
(Figure 6a). Consequently, a standard metal ceramic bridge was placed (Figure 6b) and the X-ray control showed stable

tissue for pontic (Figure 6c).

Figure 6. Patient 1: (a) Healing at 3 months post-op; (b) placement of standard metal ceramic bridge; (c) X-ray control.
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Patient 2 had successful soft tissue healing after 15 days (Figure 7a, b) and healthy soft tissue situation was also observed
after 2 months (Figure 7c, d) and 2,5 months (Figure 7e). The final restoration resulted into high esthetical outcome

(Figure 7f).

Figure 7. Patient 2: (a) Healing at 15 days post-op; (b) Healing at 15 days post-op, occlusal view; (c) Healing at
2 months post-op; (d) Healing at 2 months post-op, occlusal view; (e) Healing at 2,5 months post-op; (f) Final
restoration.

Patient 3 had a very satisfactory soft tissue healing situation at 7 days post-op (Figure 8a). In addition, the soft tissue
situation continued to improve within 3 months (Figure 8b). For that reason, final restoration with screw retained

zirconium crowns was performed (Figure 8c).

Figure 8. Patient 3: (a) Healing at 7 days post-op; (b) Healing at 3 months post-op; (c) final restoration.

Patient 4 had complication free soft tissue healing on day 7 after the operation (Figure 9a). After 2 months, the patient
had healthy soft tissue (Figure 9b), which enabled successful soft tissue conditioning after implant placement and
application of the healing cap (Figure 9c).

Patient 5 had healthy soft tissue after 2 months (Figure 10a), which enabled successful implant placement with

satisfactory osteointegration and appropriate soft tissue conditioning (Figure 10b, c).
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Figure 9. Patient 4: (a) Healing at 7 days post-op; (b) Healing at 2 months post-op; (c) Soft tissue conditioning after
implant placement.

(b)

Figure 10. Patient 5: (a) Healing at 2 months post-op; (b) Healing at 1,5 months after implant placement; (c) final
restoration.

Discussion

These case series describe successful ADCM - mucoderm® remodeling into new patients’ soft tissue. Even though various
defects were treated, still a successful soft tissue healing was achieved in all cases.

ADCMs have been used as an alternative for connective tissue grafts and have proven that satisfactory soft tissue healing
can be achieved [18]. While many studies focus on the indication itself or the surgical technique, still not many studies
focus on the biomaterial properties and their regeneration supporting effect. To be more specific, the combination of
short-resorbing collagen barrier membrane and collagen fleece has certain soft tissue healing effect [19]. However, some
indications as recession covering require a longer lasting collagen matrix such as ADCM [18], [20]. Here the longer-lasting
compact collagen structure enables sufficient scaffold function where early blood vessels can develop [8], [21]-[23]. Once
the blood vessels penetrate the ADCM, they can bring in the “life” from within and remodel the matrix [21], [22].
Therefore, a long-lasting soft tissue regeneration result can be achieved [14], [24], [25].

Based on that regenerative mechanism, the dermally derived dense collagen structure could also achieve successful
healing in other soft tissue healing indications [14], [26]—[28]. For that reason, we analyzed the application of mucoderm®
in peri-implant soft tissue augmentation, hard and soft tissue management in immediate restoration and sealing of
extraction socket. Here the compact collagen matrix was remodeled into new patients’ soft tissue and successful soft

tissue healing was achieved in all cases.

Conclusions
We evaluated the soft tissue healing with ADCM in various defects such as peri-implant soft tissue augmentation, hard
and soft tissue management in immediate restoration and sealing of extraction socket. The dense collagen matrix

underwent active remodeling into new soft tissue and successful soft tissue healing was observed in all cases. The current
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case series is limited to five patients only and more research needs to be done to evaluate the success rate in larger

number of patients.
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