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Recession Coverage Using Soft Tissue 
Substitutes

Adrian Kasaj

Abstract
Today, a variety of surgical procedures can be used to successfully treat gingival 
recession defects. Among them, the autogenous connective tissue graft in con-
junction with a coronally advanced flap is commonly considered the gold stan-
dard procedure. However, the most significant disadvantages of this procedure 
are the potential morbidity associated with autogenous tissue harvesting and the 
limited availability of donor tissue. For these reasons, alternative surgical proce-
dures using membranes, enamel matrix derivative, and soft tissue graft substi-
tutes have been proposed and tested. The aim of the present chapter is to provide 
an overview on the use of soft tissue substitutes as a possible alternative to con-
nective tissue grafts in the surgical management of gingival recession defects.

9.1  Introduction

Various surgical techniques have been proposed in the past few decades to achieve 
successful and predictable coverage of gingival recession defects [1, 2]. Although 
all these surgical therapeutic approaches provide significant reduction in recession 
depth, connective tissue graft (CTG) procedures have shown to offer the best out-
comes for root coverage and gain of keratinized tissue [2]. The clinical efficacy of 
the CTGs has been mainly attributed to the double blood supply at the recipient site 
and thus enhanced graft revascularization and wound healing [3–5]. More recently, 
it has also been suggested that the CTG may act as a biological filler with the ability 
to reduce soft tissue contraction in the healing phase [5, 6]. Therefore, the CTG 
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procedures are rightly considered to be the gold standard and reference therapy for 
root coverage. However, the CTG is also associated with a number of disadvan-
tages, including a second surgical procedure to harvest the graft, potential donor site 
morbidity, increased operative time, and limited availability of donor tissue. 
Moreover, it has been reported that healing following a CTG procedure is mainly 
characterized by a long junctional epithelium and connective tissue attachment with 
only limited capacity for periodontal regeneration [7–9]. To avoid the drawbacks 
mentioned above, several alternative surgical procedures have been advocated. 
Among these procedures, the coronally advanced flap (CAF) alone is considered 
easy to perform and effective in obtaining root coverage without the need for a sec-
ond surgical site [10]. On the other hand, the CAF alone has been reported to be 
associated with an apical relapse of the gingival margin in the long term [11]. This 
observation has been attributed to the inadequate thickness and amount of keratin-
ized tissue obtained with the CAF alone [11, 12]. Other approaches aimed at 
enhancing the outcome of the CAF procedure and substituting the CTG include the 
use of barrier membranes, enamel matrix derivatives, and soft tissue graft substi-
tutes (acellular dermal matrices and xenogeneic collagen matrices).

9.1.1  Barrier Membranes (Guided Tissue Regeneration)

Guided tissue regeneration (GTR) with the use of resorbable and nonresorbable bar-
rier membranes was proposed as an alternative approach in the treatment of gingival 
recession defects [13]. The rationale behind this technique was to avoid a second 
surgical site and to promote regeneration of periodontal tissues on the previously 
exposed root surface [14–16]. Indeed, from a histological point of view, the use of 
barrier membranes in conjunction with a CAF procedure has proven to promote peri-
odontal regeneration with the formation of new cementum, periodontal ligament, and 
alveolar bone [17, 18]. Accordingly, clinical studies demonstrated good predictability 
of the GTR technique in terms of root coverage and gain of clinical attachment [15, 
19, 20]. This technique was reported to produce a mean root coverage of 75% and 
complete coverage of the recession defects in 42% of the cases [13]. However, more 
recent evidence shows that GTR-based root coverage appears ineffective in improving 
clinical outcomes of the CAF in terms of complete root coverage and recession reduc-
tion [5]. Less favorable clinical outcomes were also reported when GTR-based root 
coverage was compared to the CTG [5, 21]. Moreover, the use of GTR for root cover-
age has been associated with several complications and drawbacks. Thus, membrane 
exposure was reported as a common complication that may result in site contamina-
tion, infection, and failure of the procedure [22, 23]. Furthermore, when nonresorb-
able membranes are used, a second surgical procedure is required for membrane 
retrieval, causing an additional trauma to the regenerating tissue [19, 23]. This may 
also account for the observation that the use of nonresorbable membranes has been 
associated with a lower percentage of complete root coverage when compared with 
resorbable membranes [13]. Another shortcoming of the GTR-based root coverage 
technique is that it is not suitable for the management of multiple recession defects at 
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the same time. It has also been demonstrated that the use of barrier membranes for 
root coverage has only limited ability to increase gingival tissue thickness [16]. The 
various disadvantages may also explain the limited clinical benefits of this technique 
when compared to other root coverage procedures.

Taken together, GTR-based root coverage has various limitations, and so its rou-
tine use cannot be recommended at present.

9.1.2  Enamel Matrix Derivative

The use of enamel matrix derivative (EMD) has been proposed as another approach to 
substitute the connective tissue graft in root coverage procedures and to promote peri-
odontal regeneration on the previously exposed root surface. Indeed, histology from a 
human biopsy study showed enhanced formation of new cementum, periodontal liga-
ment, and alveolar bone 9 months after application of EMD in conjunction with a CAF 
[9]. From a clinical standpoint, a recent systematic review concluded that the adjunctive 
use of EMD significantly improved recession reduction, complete root coverage, and 
keratinized tissue gain compared to CAF alone [5]. Hence, the additional use of EMD 
to CAF appears as a safe approach superior to the use of CAF alone [5, 21]. Studies have 
also demonstrated that EMD provides clinical benefits comparable to connective tissue 
grafting, with stable clinical results in the long term [24, 25]. A recent systematic review 
concluded that the use of EMD in conjunction with a CAF leads to clinical outcomes 
close to those reported for CTGs and thus may be considered as a viable alternative to 
autogenous donor tissue [21]. The main advantages of using EMD combined with CAF 
are the simplicity of the procedure and avoidance of a second surgical site. Thus, the 
combination of EMD + CAF has been associated with improved early healing and less 
postoperative discomfort compared to CTG + CAF [24]. On the other hand, current lit-
erature suggests that the combination of EMD + CAF is not as effective as CTG + CAF 
in augmenting the width of keratinized tissue [26, 27]. More recently, Rebele et al. [28] 
compared the use of EMD combined with CAF to a CTG with the tunnel technique for 
the treatment of Miller class I and II recession defects. The results from that study dem-
onstrated that the CTG procedure was able to create a significantly thicker marginal 
tissue than EMD. Thus, the use of EMD appears to be less effective than the CTG in 
increasing the width and thickness of keratinized tissue. A possible added value of com-
bining EMD with the CTG for the treatment of Miller class I and II recession defects 
was evaluated more recently by Roman et al. [29]. At 1 year after surgery, the combina-
tion of EMD and CTG + CAF had no beneficial effect on root coverage compared with 
the CTG alone. Conversely, Henriques et al. [30] demonstrated significantly better clini-
cal outcomes using EMD + CTG compared to CTG alone in the treatment of Miller 
class III recession defects. However, at present there is not enough evidence to support 
the combined use of EMD and CTG in recession coverage procedures.

Based on the current evidence, EMD + CAF has the ability to promote periodon-
tal regeneration and improve clinical outcomes comparable to CTG procedures and 
thus may be considered a safe substitute for autogenous grafts in recession coverage 
procedures.
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9.1.3  Soft Tissue Graft Substitutes (Acellular Dermal Matrices 
and Xenogeneic Collagen Matrices)

The use of acellular dermal matrix (ADM) grafts in periodontal plastic surgery has 
been proposed as a substitute for palatal donor tissue in order to eliminate the dis-
advantages associated with autogenous grafts. This ADM allograft is obtained from 
donated human skin and further treated to remove all viable cells that could cause 
an inflammatory or immunogenic response. The remaining connective tissue matrix 
provides a collagen structure that functions as a scaffold to allow ingrowth and sub-
sequent replacement by host tissues. Advantages of using ADM grafts in root cover-
age procedures include the avoidance of palatal tissue harvesting, reduced morbidity 
compared to autogenous grafts, unlimited tissue availability, reduction in surgery 
time, and increased patient treatment acceptance [31]. A number of commercial 
products are available and include AlloDerm® (BioHorizons), Puros® Dermis 
(Zimmer Biomet), PerioDerm™ (Dentsply), and Epiflex® (DIZG).

From a histological point of view, there is only limited information available 
regarding the type of healing following recession coverage with ADM. Cummings 
et al. [8] reported that root coverage utilizing ADM resulted in a healing character-
ized by the formation of a long junctional epithelium and connective tissue adhe-
sion. A human case report by Richardson and Maynard [32] evaluated histologically 
the type of attachment after an ADM augmentation procedure and observed a 
fibrous tissue apposition with no attachment to the root surface. When tested clini-
cally, several studies demonstrated that the use of ADM in conjunction with CAF 
significantly improved root coverage outcomes compared to CAF alone [33–36]. 
Moreover, a number of studies showed that the combination of ADM + CAF can 
achieve clinical results comparable to those obtained with CTG procedures [37–40]. 
A recent meta-analysis by Guan et  al. [41] reported no significant differences 
between ADM and CTG in terms of recession coverage, gain in clinical attachment, 
and amount of keratinized tissue (KT). Similarly, a systematic review conducted by 
Chambrone and Tatakis [21] concluded that there is strong evidence to support the 
use of ADM + CAF as an alternative to autogenous donor tissue in root coverage 
procedures. Furthermore, the use of ADM was found to enhance marginal tissue 
thickness similar to CTG grafts [39]. Conversely, a recent systematic review evalu-
ating the efficacy of root coverage procedures showed that ADM + CAF provides 
inferior outcomes compared to CTG + CAF and no additional benefit over CAF 
alone [5]. These inconsistent clinical outcomes can be explained, at least in part, by 
the technique sensitivity and healing characteristics of ADM. Indeed, while ADM 
has some benefits for the clinician and the patient, its use in root coverage proce-
dures is less forgiving than autogenous material. Since ADM is an avascular and 
acellular material, it depends on the revascularization and nutrition coming from the 
recipient site. Therefore, it is mandatory to ensure full coverage of the ADM by the 
overlying flap in a tension-free manner, especially in areas with high muscle activ-
ity. Consequently, shrinkage of the flap with exposure of ADM during the healing 
phase may compromise revascularization of the graft material and lead to its disin-
tegration [42, 43]. Moreover, it has been demonstrated that ADM is associated with 
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a prolonged healing period when compared to the CTG [39]. This observation was 
attributed to the fact that ADM is a non-vital material requiring an additional period 
of time to be resorbed and substituted by the host tissue. Because of its specific heal-
ing properties, the overall effectiveness and predictability of ADM are closely 
related to the surgical technique employed. As yet, various surgical techniques have 
been proposed for the use of ADM in root coverage procedures [43–45]. In this 
context, Barros et al. [44] proposed an extended flap with the releasing incisions 
displaced to the adjacent teeth and demonstrated that the combination of ADM with 
this technique improved recession coverage in comparison with the use of ADM 
with the conventional technique described by Langer and Langer [3]. The extended 
flap approach showed also superior clinical results compared to a flap approach 
without vertical releasing incisions when using ADM [43]. More recently, Ayub 
et al. [46] introduced a modification of the extended flap technique in which the 
ADM graft is positioned 1 mm apical to the CEJ and the flap 1 mm coronal to the 
CEJ, with the intention to prevent ADM exposure and to compensate primary soft 
tissue shrinkage. The authors demonstrated with the proposed technique improved 
clinical outcomes when compared to the conventional extended flap technique. 
Ozenci et al. [45] compared root coverage outcomes of ADM in conjunction with 
the tunnel technique or a CAF. Although both techniques were effective in obtain-
ing root coverage, the CAF technique resulted in significantly improved clinical 
outcomes when compared with the tunnel technique. Hence, as yet there is no con-
sensus on the most appropriate surgical technique associated with the use of 
ADM. However, the use of a flap technique with vertical releasing incisions pro-
vides a good control over the procedure owing to better visibility and easier flap 
repositioning in comparison with more technique-sensitive surgical approaches, 
e.g., the tunnel technique [47]. In general, the selection of a surgical technique for 
the use of ADM should be based on the goal of preserving the vascular supply of the 
flap, in order to obtain proper nutrition and revascularization of the graft material.

Another common observation associated with the use of ADM in root coverage 
procedures is the trend toward less keratinized tissue formation when compared to 
autogenous grafts [39, 42, 48]. Although the exact mechanism by which ADM 
increases the amount of keratinized tissue is still unknown, it is commonly thought 
that the non-vital ADM itself has only little influence on the cytodifferentiation of 
the covering epithelium and that the type of epithelium that covers the ADM seems 
to be determined by the surrounding tissues [49]. In this context, Shin et al. [50] 
demonstrated that the additional use of EMD with ADM in root coverage proce-
dures resulted in a significant increase of keratinized tissue when compared to ADM 
alone.

A further important factor to be considered is the long-term stability of clinical 
outcomes obtained with ADM. Thus, Harris [51] reported that the root coverage 
obtained with ADM tended to break down in the long term, whereas sites treated 
with CTGs remained stable. In contrast, Moslemi et al. [40] observed in a 5-year 
follow-up study a significant relapse of root coverage outcomes in ADM- and CTG- 
treated sites, with no statistically significant difference between the two 
procedures.
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In sum, the use of ADM in root coverage procedures can be considered a safe and 
patient-friendly alternative to autogenous donor tissue.

Recently, xenogeneic collagen matrix (CM) materials have been introduced as an 
alternative to ADM and autogenous tissue in root coverage procedures (Figs. 9.1, 
9.2, 9.3, and 9.4). These collagen matrices are derived from porcine tissue and fur-
ther processed to remove antigenic cellular components, while preserving the struc-
ture of the source tissue. Porcine dermal tissue as a source of CM appears favorable 
because it is structurally and immunologically similar to its human counterpart [52, 
53]. Moreover, the use of porcine-derived CM might alleviate some of the short-
comings associated with ADM derived from human cadavers. Indeed, ethical con-
cerns and the possible risk of disease transmission may have limited the more 
widespread use of human ADM in root coverage procedures [54]. When used in a 
clinical setting, the porcine CM is intended to act as a temporary 3D scaffold to sup-
port host cell infiltration and tissue ingrowth without eliciting a foreign body or 

a b

c d

e f

Fig. 9.1 (a) Multiple gingival recessions affecting the maxillary right quadrant. (b) Flap elevation 
using a split-full-split approach without vertical releasing incisions. (c) CM sutured in place. (d) 
Flap coronally advanced and sutured to cover the entire CM. (e) Clinical outcome 3 months after 
surgery. (f) Clinical outcome 18 months after surgery
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immunogenic response [47, 55, 56]. Examples of commercially available porcine- 
derived CMs include Mucoderm® (Botiss biomaterials), Mucograft® (Geistlich), 
Osteobiol® Derma (Tecnoss), MucoMatrixX® (Dentegris), and DynaMatrix® 
(Keystone).

With respect to human histologic outcomes of recession defects treated with CM, 
Camelo et al. [57] showed the formation of a long junctional epithelium and con-
nective tissue adhesion without evidence of periodontal regeneration. Clinical stud-
ies demonstrated that the use of CM in the treatment of recession defects significantly 
improved clinical outcomes in terms of root coverage, gingival thickness, and gain 
of KT when compared to CAF alone [58–60]. These findings were further con-
firmed in recent systematic reviews [5, 61]. Conversely, Moreira et al. [62] found in 
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Fig. 9.2 (a) Preoperative gingival recession on a mandibular left lateral incisor. (b) Tunnel flap 
preparation and adjustment of CM dimensions. (c) Application of EMD on the root surface. (d) 
Placement of the CM into the prepared tunnel. (e) Flap coronally advanced and sutured. (f) Clinical 
outcome 3 months after surgery
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Fig. 9.3 (a) Multiple gingival recessions affecting the maxillary left anterior area. (b) Flap eleva-
tion using a split-full-split approach with a short vertical incision distal to the canine. (c) Application 
of EMD on the root surface. (d) CM sutured in place. (e) Flap coronally advanced and sutured to 
cover the entire CM. (f) Clinical outcome 3 months after surgery. (g) Clinical outcome 9 months 
after surgery. (h) Clinical outcome 2 years after surgery (Reproduced from Kasaj A, Quintessence 
Int 2016;47:775–783, courtesy Quintessence Publishing)

A. Kasaj



129

a b

c d

e

g

f

Fig. 9.4 (a) Gingival recession affecting the maxillary right canine. (b) Flap elevation using a 
split-full-split approach and deepithelialization of the anatomical papillae. (c) Application of EMD 
on the root surface. (d) CM sutured in place. (e) Flap coronally advanced and sutured to cover the 
entire CM. (f) Clinical outcome 6  months after surgery. (g) Clinical outcome 2  years after 
surgery
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a recent clinical study with a 6-month follow-up that CM in conjunction with CAF 
was not able to improve recession reduction compared to CAF alone. Similarly, 
Jepsen et al. [63] evaluated CM + CAF versus CAF alone and found at 6 months no 
significant difference between the groups in terms of root coverage. However, the 
addition of CM significantly increased the width of KT and gingival thickness com-
pared to CAF alone. Moreover, the authors demonstrated that CM was able to 
improve root coverage of CAF alone in large recession defects (≥ 3 mm). When CM 
was compared with CTG, one study reported similar clinical outcomes for both 
procedures [64], whereas other studies found outcomes to be inferior for CM [65, 
66]. Moreover, some studies demonstrated less than 50% of complete root coverage 
with the use of CM, despite satisfactory results achieved for mean root coverage 
[66, 67]. In the most recent systematic review on this topic, Atieh et al. [61] showed 
that the CTG in conjunction with CAF was more effective than CM + CAF in terms 
of root coverage and recession reduction. On the other hand, the use of CM was 
associated with a shorter surgery time and reduced postoperative morbidity when 
compared with CTG. With respect to patient-reported aesthetic satisfaction and gain 
of KT, no significant difference was found between the two procedures. McGuire 
and Scheyer [68] reported 5-year clinical outcomes of patients treated either with 
CM + CAF or CTG + CAF. The results demonstrated a mean root coverage of 78% 
for CM + CAF compared with 95.5% for CTG + CAF. Despite these differences, 
the authors concluded that CM provides a viable and long-term alternative for the 
CTG, when balanced with patient-reported outcomes for aesthetics and compared 
with historical root coverage results reported by other investigators. Likewise, 
Chambrone and Tatakis [21] reported in their systematic review that the use of CM 
in conjunction with CAF provides clinical outcomes close to those of CTGs (differ-
ence in mean root coverage 8.9%) and thus may be considered a viable alternative 
to autogenous donor tissue. A possible approach to further improve the clinical out-
comes of CM is the combination with EMD.  However, a recent study failed to 
demonstrate enhanced clinical outcomes of CM  +  EMD  +  CAF compared to 
CM + CAF [60].

Taken together, the currently available evidence suggests that CM may be used 
as a safe and adequate substitute for autogenous grafts in patients with a limited 
amount of donor tissue or patients who want to avoid the palatal donor site 
surgery.

 Conclusions

Various biomaterials have been proposed as a substitute for autogenous grafts in 
root coverage procedures. Current evidence suggests that enamel matrix deriva-
tive, acellular dermal matrix grafts, and xenogeneic collagen matrices combined 
with coronally advanced flaps can be considered as safe and effective treatment 
procedures for obtaining aesthetic root coverage. Moreover, the use of these soft 
tissue substitutes as an alternative to autogenous donor tissue offers certain 
advantages such as increased surgical efficiency and reduced patient morbidity. 
This approach also appears to be particularly useful in patients with limited 
donor tissue availability or patients who wish to avoid a second site surgery. On 
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the other hand, soft tissue substitutes are still associated with inferior clinical 
results when compared with those of the connective tissue graft procedures. 
There is also only limited data available focusing on long-term outcomes follow-
ing treatment with these biomaterials. The clinician’s decision to use soft tissue 
substitutes as an alternative to autogenous donor tissue should be based upon 
consideration of the clinical situation, availability of palatal donor tissue, and 
patient preferences.
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