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Oral connective tissue grafting: evidence-based principles
 for predictable success
 Michel Matouk, DDS, MD*, Anthony G. Sclar, DMD
 Private Practice, Oral and Maxillofacial Surgery, South Florida OMS, Center For Excellence In Dental Implant Surgery,
 7600 Red Road, Suite 101, Miami, FL 33143, USA
 As the scope of oral and maxillofacial surgery
 expands, modern surgeons face new challenges every
 day.We learn new principles that soon become applied
 to many of our daily treatment plans in facial and oral
 surgery. Intraoral soft-tissue grafting is one of the
 techniques that has gained popularity in response to
 increased public demands for cosmetic and reconstruc-
 tive periodontal surgery procedures. Many of the
 intraoral gingival plastic surgery procedures that are
 required for a full smile makeover could benefit from
 grafting and tissue management principles that are
 based on sound wound-healing theories. This review
 focuses first on the different options available for soft-
 tissue augmentation, the application of these options to
 different intraoral soft-tissue defects, the specific tech-
 nique for subepithelial connective tissue grafting, and
 ends with a discussion of some of the major scientific
 principles for grafting success.
 History
 Biological transfer of soft tissue was first reported
 by the ancient Egyptians [1]. In 1869, the surgical
 intern Jean Reverdin presented a case of skin grafting
 to the Imperial Surgical Society of Paris, which was
 later published in their proceedings [2]. George David
 Pollock, a British surgeon, applied the first successful
 autograft to a burn wound. A few months later, he
 turned to other skin sources, first from an unspecified
 donor and eventually from himself [3]. Skin grafts
 were very rapidly applied to oral and maxillofacial
 reconstruction. Schnitzler and Ewald successfully
 applied a Thiersch graft to a defect of the buccal
 mucosa in 1894 [4]. The use of local oral tissue as a
 free graft is a more recent advancement. Mucosal
 grafts are usually harvested from the cheek and have
 been used in vestibuloplasties and other oral proce-
 dures for many years [5]. The use of free gingival
 autografts (FGG) was described by Bjorn in 1963 and
 has been investigated extensively since that time [6]. It
 is a versatile tissue that is also used for various eyelid
 procedures, [7] tracheoplasty [8], and vetibuloplasty
 [9]. The use of connective tissue was originally
 pointed out by Edel in 1974, when he used a rec-
 tangular ‘‘trap door’’ flap to obtain connective tissue
 from the palate and then applied it to the defective
 area, similar to FGG [10]. The modern subepithelial
 connective tissue graft (SCTG) technique was later
 introduced in 1980 by Langer and Calagna [11]. It was
 initially used to augment ridge soft-tissue defects and
 then modified for root coverage [12] to obtain ‘‘a
 closer color blend of the graft with adjacent tissue,
 avoiding the ‘keloid’ healing present with free gin-
 gival grafts.’’
 Soft-tissue augmentation options
 When considering soft-tissue augmentation in the
 oral cavity, connective tissue grafts should be con-
 sidered as part of a continuum of available options.
 Oral tissues may be augmented using either grafts or
 flaps. Grafting implies tissue transfer without a blood
 supply while a flap brings its own nutrient source to
 the host site.
 1042-3699/02/$ – see front matter D 2002, Elsevier Science (USA). All rights reserved.
 PII: S1042 -3699 (02 )00008 -0
 * Corresponding author.
 E-mail address: [email protected]
 (M. Matouk).
 Oral Maxillofacial Surg Clin N Am 14 (2002) 241–257
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Oral soft-tissue grafts
 Grafts may be autogenous or allogeneic. Auto-
 genous grafts can be a variety of simple tissues or a
 composite of multiple tissues. The workhorse of
 modern oral soft-tissue grafting is the connective
 tissue graft. Even though it is thought of as a simple
 graft, it is in fact often a composite graft that contains
 submucosa, fat, periosteum, and even occasionally
 minor salivary gland tissue.
 Each component of these different tissues has
 been studied individually as a potential graft. Skin
 is classically one of the oldest grafts applied to the
 oral mucosa and is well tested in both the split
 thickness and full thickness varieties. Periosteum
 itself is not usually used as a simple graft in the
 mouth, as opposed to pericranial grafts or flaps often
 used in craniofacial surgery [13]. A simple fat graft is
 used in facial soft-tissue augmentation on a regular
 basis but has the reputation of being a transient graft
 that often maintains only 50% of its original volume.
 In facial surgery, there has been a move away from en
 bloc tissue grafts, toward injectable autogenous fat,
 dermis, and fascia micrografts [14,15]. The smaller
 particles are used to allow faster revascularization.
 Both gingival tissue and oral mucosa have been used
 extensively as oral grafts.
 When oral soft-tissue augmentation is performed,
 an alternative treatment that is available is bony
 augmentation. This is usually achieved by bone
 grafting and by following the principles of guided
 tissue regeneration (GTR). Another important option
 is distraction osteogenesis. Distraction allows full
 histiogenesis of local tissues and is especially useful
 in vertical ridge augmentation. This same concept can
 also be applied to pure soft-tissue augmentation by
 using tissue expansion appliances.
 Even though autogenous grafting is the gold
 standard, research is continuing to improve regarding
 the use of allogeneic options. Clinical and histologic
 success was shown in case reports using an acellular
 dermal matrix graft [16,17]. Other studies have since
 been published using this method and newer methods
 such as epithelial tissue culture technology [18,19].
 Oral soft-tissue flaps
 Flaps are classified according to their blood sup-
 ply as random, axial, or mixed. They can also be
 pedicled (single or multiple pedicles) or free (micro-
 vascular). There are many oral random flaps that are
 useful as alternatives to connective tissue grafts.
 These include the lateral pedicled flap, the coronally
 repositioned flap for root coverage, and a few other
 tissue flaps that are used for papilla regeneration and
 root coverage. The oral surgeon is also very familiar
 with other flaps used for oral-antral and oronasal
 fistulae closure. All these flaps have a limited range,
 however, which leads the surgeon to consider the
 more robust axial and mixed flaps.
 Local axial flaps that are used in the mouth may be
 based on the facial and labial vessels; the lingual
 vessels are also used in a variety of tongue flaps. The
 most commonly used vessels, however, are the pal-
 atine vessels. They are used in many fistula and cleft
 reconstruction flaps. The greater palatine vessels pro-
 ceed anteriorly through the incisive canal, where they
 anastemose with septal branches from the spheno-
 palatine artery, which are also useful but underused
 in gingival reconstruction [20].
 Finally, regional axial flaps and microvascular
 free flaps are also useful in oral reconstruction; they
 may be used for general augmentation that may
 eventually be covered with mucosa but they do not
 provide any gingival augmentation. Most of these
 flaps are myofasciocutaneous; they have also been
 described as osteomyofasciocutaneous, but the bony
 component, which is randomly vascularized, is not
 routinely dependable.
 Subepithelial connective tissue grafts and the
 management of specific conditions
 Gingival recession and mucogingival defects around
 natural teeth
 Attached gingiva is not synonymous with keratin-
 ized gingiva. The width of attached gingiva is deter-
 mined by subtracting the depth of the sulcus or pocket
 from the distance from the crest of the free gingival
 margin to the mucogingival junction. Reduced
 attached gingiva may therefore result from worsening
 periodontal pockets, high frenal attachments, and
 worsening recession caused by overzealous hygiene.
 There are many studies that refute the old concept that
 a wide attached gingiva is required for the mainten-
 ance of optimal gingival health [21]. The need for a
 wider zone of attached gingiva, however, persists in
 teeth that serve as abutments for fixed or removable
 partial dentures [22].
 In 1985, Miller classified marginal tissue reces-
 sion by combining the four previously popular Sulli-
 van and Atkins [23] classifications into his first two
 classifications (class I, with recession coronal to the
 mucogingival junction [MGJ], and class II, where the
 recession goes to or beyond MGJ) and then adding
 two more [24]. He identified that the presence of
 M. Matouk, A.G. Sclar / Oral Maxillofacial Surg Clin N Am 14 (2002) 241–257242
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interdental bone and soft-tissue loss, or malpositioned
 teeth, presented anatomic limitations that limit root
 coverage (class III) or preclude attempts at root cov-
 erage (class IV).
 Many surgical techniques have been described to
 manage marginal recession. The first approach, the
 lateral sliding flap by Grupe and Warren [25], dates
 back to 1956. This technique, however, only provides
 65% to 75% mean root coverage [26]. It also requires
 a deep vestibule and good gingival dimensions lateral
 to the site of recession. Miller showed good success
 for root coverage with FGG [27]. The lack of esthetic
 color blending, however, discouraged the use of FGG
 in the esthetic zone. It was later suggested that SCTG
 achieved greater root coverage than thick gingival
 grafts [28,29]. Once SCTGs were popularized for
 root coverage, the success of this technique prompted
 many modifications in the literature, especially when
 considering the flap coverage design. Allen described
 a coronally repositioned flap [30]. Nelson then
 described a full-thickness, double-papilla flap to
 cover the connective tissue [31]. He used subperios-
 teal dissection of the recipient site and also included
 periosteum with his SCTG. Harris later modified this
 by designing a split-thickness, double-papilla flap
 [32], with success rates up to 97% [33].
 Raetzke designed the ‘‘envelope’’ technique,
 where the connective tissue graft is seated in an
 undermined partial-thickness incision [34], with an
 80% mean root coverage. He obtained a semilunar
 wedge of tissue from the palate, which was placed in
 the envelope and secured with cyanoacrylate, without
 sutures. Raetzke’s technique was then modified by
 Allen, who introduced the ‘‘tunnel’’ technique, in
 which no horizontal or vertical incisions are made,
 allowing for the coverage of multiple and single areas
 of recession [35]. It is used for adjacent recessions
 where a tunnel is developed supraperiosteally under-
 neath the interproximal papilla. This technique pro-
 vided predictable results for root coverage, up to
 97%, in shallow and narrow recessions; however,
 these results deteriorated to 75% when the recession
 was wider than 3 mm or deeper than 4 mm. This
 deterioration is believed to result from the lack of
 blood supply to the coronal edge of the graft because
 envelope-type designs do not allow for coronal repo-
 sitioning and, thus, the graft is left bare. Although
 these designs may allow for increased blood supply
 from lateral and papillary tissues by keeping them
 intact, the dissection technique may embarrass cir-
 culation, thereby compromising results. In an attempt
 to improve this, other flaps were devised to allow
 bolstering nutrition to the graft by coronally or
 laterally positioning external gingival tissues. Blanes
 and Allen modified the pouch technique to improve
 the reliability of SCTG in deep, wide recessions by
 the use of a bilateral pedicle flap– tunnel technique
 [36]. Most of these methods are reliable for Miller
 classification I and II, and they may also be of benefit
 for class III. On the other hand, class IV recession is
 very unpredictable in its reconstruction. Multiple case
 reports exist, but no uniform methods exist which can
 claim predictable results [35].
 Gingival recession can also be treated using
 guided tissue regeneration (GTR) techniques. Even
 though root coverage may be comparable using both
 techniques, it seems that mucogingival surgery is
 more predictable than GTR [37]. Also, some studies
 note that GTR does not increase the height of keratin-
 ized tissue and in fact displaces the mucogingival
 junction coronally [38]. Harris noted that even
 though the comparable root area was covered with
 GTR and SCTG, the grafted area actually had
 improved tissue bulk [39]. It is theoretically possible
 that including periosteum as a barrier membrane in
 the SCTG would combine the benefits from GTR and
 mucogingival surgery.
 Recession and mucogingival defects around
 dental implants
 The grayish color that may appear when implants
 are placed in areas of thin bone and gingiva can be
 adequately hidden by using an SCTG, often with a
 pouch technique [40]. The similarity between natural
 periodontium and the peri-implant soft tissues can
 sometimes be deceiving, however. By definition, an
 implant is surgically placed and, therefore, the sur-
 rounding tissues heal as a scar. This hypovascular
 tissue is further compromised by the lack of vascular-
 ity that would otherwise arise from the periodontium
 around the teeth. It is therefore important to be even
 more conservative with surgical manipulations once
 an implant is placed. Indeed, it is more beneficial to
 perform most of the required stages of site devel-
 opment before implant placement.
 Papilla reconstruction
 Papilla reconstruction remains an elusive goal. The
 presence of an interproximal papilla may be depend-
 ent on the distance from the base of the contact area to
 the crest of interdental bone. Tarnow showed that
 when that distance was 5 mm or less, the papilla
 was almost always present; when it was 6 mm, the
 papilla was still present in 56%; but when it was 7 mm
 or more, the papilla was present only up to 27% of the
 time [41]. Jemt recently observed a possibly related
 M. Matouk, A.G. Sclar / Oral Maxillofacial Surg Clin N Am 14 (2002) 241–257 243
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event around implants when he reviewed the size of
 interproximal papillae adjacent to single implant
 restorations [42]. Over a three-year follow-up, he
 noted that 58% of the tested papillae had regenerated
 completely without any clinical manipulation. Papil-
 lae can also be grown nonsurgically in case reports
 where forced eruption had positive effects on the
 creation of normal interproximal tissues [43].
 The majority of articles describing surgical tech-
 niques have been simple case reports. Some studies
 describe the use of pedicled flaps that resemble the
 palatal roll [44] or sliding flaps. These pedicled flaps
 were found to be more predictable than free gingival
 grafts [25]. The introduction of SCTG, however, has
 improved the overall results. Even if there is yet no
 agreement on the best flap design to use, it seems that
 the idea of bolstering up pedicled flaps with SCTG
 may be a reliable surgical method to reconstruct
 papillae. Han and Takei modified Tarnow’s semi-
 lunar, coronally repositioned flap [45] by displacing
 the interdental papilla coronally and packing SCTG
 underneath [46]. A recent case report describes
 class IV recession root coverage and papilla recon-
 struction using a coronally repositioned flap that is
 beveled at the mucogingival line with a maxillary
 tuberosity SCTG placed under the flap in the inter-
 dental area [47]. Another method that is based on
 the same idea of using tuberosity SCTG as a bolster
 left the papilla pedicled palatally and then the SCTG
 was placed in a supraperiosteal pouch at the level of
 the CEJ [48].
 As the search for the best surgical reconstruction
 of the papilla continues, Tarnow’s effect of crestal
 bone height will eventually be applied by using better
 GTR principles in the interdental area. At this point,
 some bone height can be gained, but it still remains
 difficult to completely regenerate lost interproximal
 bone, which results in lost papillae. Hurzeler dis-
 cussed some of these GTR techniques combined with
 two- to three-layered closure of the interproximal area
 using microsurgical sutures [49].
 Ridge defects
 Ridge defects are usually a combination of soft
 and hard-tissue problems. Bony reconstruction is now
 very predictable as long as good soft tissue coverage
 can be obtained. Ridge defects can be classified as
 buccolingual, apicocoronal, or a combination [50].
 Small-volume soft-tissue defects can be treated by
 FGG or SCTG; however, it seems that better volume
 augmentation is achieved with SCTG [51]. The
 dimensional stability of these reconstructions seems
 good but has not been shown adequately in quant-
 itative long-term studies. Large-volume soft-tissue
 defects, especially in the vertical dimension, are less
 predictable with soft-tissue grafts. Sclar, however, has
 shown very good results using a new pedicled axial/
 random flap design, the vascularized interpositional
 periosteal–connective tissue flap (VIP-CT flap) [20].
 This flap is versatile and useful for large-volume soft-
 tissue reconstructions in areas where the vascular
 potential of the recipient site is diminished. In addi-
 tion, the VIP-CT flap provides the biologic basis for
 simultaneous hard and soft-tissue augmentation of
 alveolar ridge defects in the anterior maxillary area,
 thereby enhancing esthetic implant site development.
 Other indications
 The success of SCTGs has led to their use in many
 different applications. They are very useful in cases
 of thin, discolored gingiva. SCTG can be used as an
 adjunct to vestibuloplasty procedures [52]. They can
 also be used in conjunction with different socket
 preservation procedures [53], but this is not usually
 needed [54].
 Subepithelial connective tissue graft technique
 Preparation
 Preoperative films and models are routinely
 obtained. The models are used to fabricate a palatal
 stent for postoperative comfort. If the patient is
 partially edentulous, this stent may also include an
 artificial tooth, such as in an Essex-type retainer.
 Tight frenal attachments that may compromise the
 desired flap design may be resected 4 to 6 weeks
 before the procedure. The patient undergoes full
 mouth scaling, root planing, and hygiene instruc-
 tions by the dentist at least 2 weeks before the
 procedure. Pre-emptive analgesic medication is pre-
 scribed along with antibiotic prophylaxis, as needed.
 Recipient site preparation
 A horizontal right-angle incision is initially per-
 formed into the adjacent interdental papillae, slightly
 coronal to the CEJ (Fig. 1A). A butt joint is provided.
 In a Miller class III recession, the incision is placed at
 the crest of the residual papilla; in this case, a butt
 joint cannot be obtained and the papilla is carefully
 deepithelialized as part of the split-thickness dissec-
 tion. If the ‘‘open’’ (flap) approach is used, beveled
 curvilinear incisions are placed one half to one full
 tooth wider than the area of planned grafting, without
 M. Matouk, A.G. Sclar / Oral Maxillofacial Surg Clin N Am 14 (2002) 241–257244
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invading the interproximal papillae. Exposed root
 surfaces are planed to reduce tooth convexity only
 if it is excessive. This is done with manual or rotary
 instrumentation under copious irrigation. As tissue
 thickness permits, sharp dissection with a small
 surgical blade (Bard Parker 15C; Beckton Dickinson
 Frankin Lakes, NJ) is used to define a supraperiosteal
 plane (Fig. 1B). Extremely thin gingiva may require
 careful full-thickness elevation. The dissection is car-
 ried well beyond the mucogingival junction. Saline-
 moistened gauze is placed over the recipient site while
 the donor tissue is procured.
 If the ‘‘closed’’ (pouch) approach is used, sharp
 dissection is used to form a partial-thickness supra-
 periosteal envelope extending 3 to 5 mm laterally and
 apically to areas of recession, undermining intermedi-
 Fig. 1. Graft insetting with the open approach using wide, diverging curvilinear incisions with a back cut at the base as needed
 for a tension-free closure (A). Supraperiosteal dissection and exposure should be atraumatic (B,C). The open technique allows
 maximal immobilization of the graft to the underlying periosteum (and not, as in the closed approach, to the cover flap, which is
 often mobile; D,E).
 M. Matouk, A.G. Sclar / Oral Maxillofacial Surg Clin N Am 14 (2002) 241–257 245
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Fig. 2. Graft harvesting with the double-incision approach (A,B). Note that sectioning the base of the graft is done under tension
 (F) and only after all other undermining is performed (C,D,E), to allow maximal length. The wound is closed with simple
 sutures (G).
 M. Matouk, A.G. Sclar / Oral Maxillofacial Surg Clin N Am 14 (2002) 241–257246
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ate papillae. The apical extent of dissection needs to
 be beyond the MGJ.
 Graft harvest
 The first incision on the palate is made full
 thickness and perpendicular to the bone (Fig. 2A).
 It is 2 to 3 mm apical to the gingival margin of the
 maxillary premolars. The exact length of the incision
 is 1 to 2 mm longer than the amount of graft
 necessary for the recipient site. The second incision
 is the medial part of an elongated ellipse (Fig. 2B). It
 is also perpendicular to the bone but is only 0.5- to
 1-mm deep. An undermining preparation toward the
 Fig. 2 (continued ).
 M. Matouk, A.G. Sclar / Oral Maxillofacial Surg Clin N Am 14 (2002) 241–257 247
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median is then made in the superficial submucosal
 plane, using sharp dissection with a 15C blade
 parallel to the palatal bone with no attempt to go to
 bone at the apical depth (Fig. 2C). The preparation is
 observed externally without trying to elevate the
 tissue while cutting with the blade. The exact area
 undermined is also determined by the amount of graft
 that is necessary. The maximum supero-inferior
 length of the graft is 4 to 14 mm, depending on the
 shape of the palatal vault, allowing 2 mm above the
 CEJ and 1 mm below the neurovascular bundle [55];
 therefore, in cases of shallow vaults or thin tissues, a
 second procedure may be required. The bony groove
 that houses the bundle is sometimes palpable poste-
 riorly. The blade is then used to make two lateral
 tunneled release incisions (Fig. 2D). These incisions
 are made down to the bone, 0.5 to 1 mm medial to the
 end of the ellipse on either side so that the cover
 mucosa is not stretched or ruptured. At that point, a
 small periosteal elevator is used to raise a full-
 thickness periosteal connective tissue graft slightly
 further apically then the anticipated graft length
 (Fig. 2E). The graft can now be placed under slight
 tension, using atraumatic tissue pliers, which allows
 placing the final full-thickness incision in the deepest
 part of the pocket, perpendicular to the lateral inci-
 sions and to the bone (Fig. 2F). This incision releases
 the SCTG. Before suturing the donor area, a collagen
 material (CollaPlug; Sulzer Calcitek, Carlsbad, CA)
 can be placed in the dead space created for hemos-
 tasis and to maintain the shape of the palate. The graft
 is placed between saline-moistened gauze squares
 while the palatal area is sutured. (Fig. 3)
 Graft insetting
 The graft is shaped as needed to fit the recipient
 bed. The graft edges may be beveled slightly where
 they will be submerged. Keratinized epithelium is
 usually removed but may be retained in exposed areas.
 In the open approach, the graft is secured in place
 by using 4-0 chromic gut sutures on a P3 needle.
 Apical sutures are placed into the recipient peri-
 osteum. The graft is secured coronally with a modi-
 fied sling suture (Fig. 1D). The covering tissue is then
 reapproximated without attempting to completely
 cover the graft and is secured with sutures that do
 not pass through the underlying graft (Fig. 4).
 In the ‘‘closed’’ approach, mattress sutures origin-
 ating from the vestibular area are placed in the most
 Fig. 3. Graft harvesting with the double-incision approach (A). The size of the defect is minor even without doing the single-
 incision technique (B). Good graft dimensions are obtainable (C) and then the site is closed with interrupted sutures (D).
 M. Matouk, A.G. Sclar / Oral Maxillofacial Surg Clin N Am 14 (2002) 241–257248
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apical and lateral area of the pouch dissection. A small
 suturing forceps (Corn suture pliers, SP 20; Hu-Friedy
 Chicago, IL) is used to place a 4-0 chromic gut suture
 3 to 5 mm into the deepest part of the envelope. Tissue
 borders are gently teased into the envelope using a
 tissue forceps and the fine paddle end of a membrane
 placement instrument (Hu-Friedy). Once in place,
 mesial and distal sutures are completed. Intermediate
 papillae are anchored with vertical mattress sutures to
 ensure firm fixation of the graft within recipient site
 pouches that span multiple teeth. Pressure is then
 applied with moistened gauze to facilitate hemostasis
 with minimal clot thickness (Fig. 5).
 Postoperative care
 An acrylic palatal stent is placed immediately to
 protect the palate for patient comfort. Patients are
 instructed to keep the stent in place for 24 hours and
 then as needed to eat and to minimize discomfort. No
 surgical dressing is usually required at the graft site.
 The patient is prescribed a chlorhexidine rinse two
 times per day and placed on a soft diet.
 The patient is seen on the seventh postoperative
 day. The area is irrigated, sutures are removed as need-
 ed, and the patient is instructed to cleanse the graft site
 with a cotton swab saturated with chlorhexidine.
 Scientific principles
 The periodontium is a hostile wound-healing
 environment. It is plagued with a ferocious micro-
 flora, continuous speech and mastication motions,
 and a challenging architecture. Predictable tissue
 engineering can only be guaranteed by meticulous
 planning and attention to detail.
 I. Host factors
 1. Systemic equilibrium and healing potential
 Even if wound healing is a local event, it can
 be affected by many systemic factors, which
 should be taken into account. These are not
 discussed in detail, but include diabetes,
 collagen diseases, and other microvascular or
 immune diseases. Wound healing itself is a
 well-studied phenomenon. An incisional
 wound is described traditionally to heal in
 four phases: the inflammatory phase (day 1);
 Fig. 4. A coronal soft-tissue defect is noted, and there is sufficient bony width for root-shape implant at the base (A). Graft insetting
 with the open approach using wide, diverging curvilinear incisions (B). Early healing (C) followed by a cosmetic restoration after
 implantation (D). Minimal crown lengthening may be performed as needed to match the contralateral lateral incisor.
 M. Matouk, A.G. Sclar / Oral Maxillofacial Surg Clin N Am 14 (2002) 241–257 249
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the lag or substrate phase, where the fibrin clot
 contributes to much of the strength (days 2
 to 5); the proliferative phase, when epithelial
 regeneration, contraction, and fibroplasia take
 place (day 5 to third week); and finally the
 maturation or remodeling phase (may last up
 to a year). This temporal representation is a
 generalized guideline, and many different
 wounds demonstrate high variability in their
 healing patterns. Sullivan and Atkins de-
 scribed FGG healing in three comparable
 stages: plasmic circulation (0 to 2 days),
 vascularization (2 to 8 days), and organic
 union (4 to 10 days) [56]. Raetzke noted that
 SCTG at 5 days is covered with a grayish
 membrane and a few tiny red dots are visible.
 At 7 days, the graft is edematous; it blanches to
 pressure and then redness reappears immedi-
 ately after release of pressure, indicating
 initial vasculariation. At 2 weeks, grafts are
 completely epithelialized. These findings were
 noted ultrastructurally in subepithelial capil-
 laries as they matured in FGG [57].
 The ultimate evidence-based soft-tissue graft-
 ing study would, in a prospective double-
 blinded manner, evaluate the results of each
 procedure by a human histologic evaluation.
 Such a study is difficult to perform, however;
 there are a few case reports of individual
 histologic evaluations. These studies used
 different protocols, healing periods, and pa-
 tient selection criteria, making their compar-
 ison difficult. Pasquinelli demonstrated that
 new bone growth, new cementum, and new
 connective tissue attachment were possible
 with a free gingival graft [58]. Sugarman
 reported with a human histologic evaluation
 that new connective tissue occurred with a
 laterally positioned flap [59]. Common and
 McFall demonstrated with human histology
 that a laterally positioned flap combined with
 citric acid conditioning resulted in new cemen-
 tum and collagen fibers that were oriented
 parallel to the root [60]. Root coverage with
 GTR techniques has also been studied and
 shown to produce new bone, new cementum,
 and new connective tissue attachment [61].
 The same type of study was recently applied to
 SCTG and double-pedicle graft coverage [62].
 In that study, Harris noted a repair, as opposed
 Fig. 5. A coronal soft-tissue defect is noted, and there is sufficient bony width for a root-shape implant (A). Graft insetting with
 the closed approach using a traction suture (B). Closure and early healing (C). Final cosmetic tissue morphology (D).
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to regeneration, response. Two patterns were
 noted: a long junctional epithelium in one
 pattern, and in the other pattern, a short
 junctional epithelium and connective tissue
 adjacent to the tooth with little other epithelial
 attachment. Overall, healing after different
 root coverage procedures is represented by a
 combination of long junctional epithelium and
 a new connective tissue attachment with
 cementum formation.
 2. Management of modifiable factors
 Removing the cause of the disease is often the
 key to curing it. In many patients, forceful
 brushing is the reason the recession develops
 in the first place. The value of patient
 education by the dentist with respect to correct
 technique should not be underestimated be-
 cause it may be just as important as the type of
 procedure selected [63]. Smoking is another
 well-known factor that may affect success
 rates [64,65].
 3. Compliance and expectations
 Patient preparation is very important. They
 must understand the limitations of the proce-
 dure and that an operationmay often need to be
 staged for optimal results. They must also
 understand the importance of preoperative and
 postoperative care. Even the best graft may not
 survive if immediately subjected to a rough
 diet. Eventually, at 2 weeks, periodontal
 wounds acquire sufficient tensile strength
 (1700 g) to tolerate most mechanical chal-
 lenges such as a regular diet [66].
 4. Treatment sequencing for optimal site devel-
 opment
 SCTG may be placed before bony reconstruc-
 tion or prosthetic treatments in cases where the
 gingiva is so thin that it may be lost when
 future surgical interventions are performed.
 Another good time to sequence SCTG is at the
 end of a complicated treatment, at which point
 it serves to fine-tune the esthetic result.
 II. Donor factors
 1. Optimal site selection
 Connective tissue can obviously be harvested
 from many areas in the mouth. Even if the
 palatal premolar area is the best studied and
 usually most reliable [50,55], other sites have
 occasionally been used. Attached gingiva has
 the required characteristics but is usually
 limited in availability. Any masticatory muco-
 sa from an edentulous ridge may be used. A
 distal wedge incision allows the harvest of
 connective tissue from the tuberosity area; this
 tissue, notwithstanding its small area, is
 thicker (4 to 5.7 mm) and more dense, which
 allows for better bulk support in selective cases
 [48,67].
 Knowledge of the anatomy of the donor site is
 essential. Suitable palatal masticatory mucosa
 is found in a rectangular area [68]. That area is
 delineated anteriorly by the canine root and
 posteriorly by the palatal root of the first molar.
 The root of the first molar represents a natural
 barrier because the tissue is thinnest in this area
 [67]. The lateral border is formed by a
 horizontal line 2 mm from the palatal gingival
 margin. The rectangle is medially limited by
 the greater palatine neurovascular bundle.
 Reiser measured the distance to the neuro-
 vascular bundle from the palatal CEJ of
 premolar teeth and noted that this dimension
 is highly dependent on the shape of the palate
 [55]. In shallow, average, and high vaults, that
 distance was 7, 12, or 17 mm, respectively.
 This distance is reduced anterior to the canine
 as the vessel courses anteriorly toward the
 incisive foramen. The greater palatine foramen
 is 1.5 cm from the midline and positioned
 usually opposite the third molar at the junction
 of the vertical and horizontal parts of the
 palatine bone (Fig. 6) [69,70].
 2. Atraumatic harvest
 The method most commonly used for har-
 vesting SCTG is the parallel double-incision
 approach. For isolated areas of recession,
 Raetzke advocated gradually converging
 semilunar incisions to define a palatal graft
 of adequate thickness and contour. The
 single-incision approach may have a slight
 advantage in that it leaves a smaller denuded
 area, but this has not been shown to be
 clinically significant [68]. The discomfort and
 delayed healing of a trap door ‘‘free gingival
 graft knife’’ method, however, was shown to
 be significantly worse than the standard
 double-incision approach [71]. A tunneling
 incision, on the other hand, is only advanta-
 geous if performed atraumatically.
 3. Tissue quality
 Gingiva is a specialized mucosal tissue that
 originates as the crown of erupting teeth (with
 the surrounding reduced enamel epithelium)
 enters the oral cavity. There is an interaction
 between this epithelium and the connective
 tissue. Before emergence of the crown, the
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connective tissue in the future eruption path-
 way is induced to degenerate, thus accelerating
 the rate of eruption [95]. Even though kera-
 tinization is an epithelial characteristic, when
 connective tissue is transplanted from a kerati-
 nized area to a nonkeratinized area, it even-
 tually becomes covered by a keratinized
 epithelium [72]. This finding suggests a
 connective tissue–based genetic determina-
 tion of the type of epithelial surface. This
 hypothesis remains controversial, however,
 and has been rejected in a few studies [73–75].
 In fact, it has been suggested that the position
 of the MGJ is genetically determined and
 cannot be altered [76].
 The hard palatal tissues may be defined in
 three zones. There is a peridental gingival
 zone, an anterior fatty zone, and a posterior
 glandular zone [77]. Inclusions of epithelial
 islands or epithelial projections were found
 deep in the connective tissue of SCTG biop-
 sy specimens [78]. This suggests that SCTG
 may contain epithelium that survives trans-
 plantation to the recipient site. The effects of
 epithelium, fatty tissue, and possible trans-
 plantation of minor salivary gland tissue
 remain to be studied.
 4. Adequate graft size
 Gingival grafts, as opposed to skin grafts,
 contain very little elastic tissue. They undergo
 minimal primary contraction. They may,
 however, undergo significant secondary con-
 traction because of cicatrisation of tissues,
 especially if they are thin and poorly stabi-
 lized [23]. In fact, Edel noted a mean
 contraction of 28% after 6 months, and Block
 stated a contraction of 20% to 50% [10,96].
 5. Adequate graft thickness
 Proper thickness is important for survival of
 the graft. It should be thin enough to permit
 ready diffusion of nutritive fluid from the re-
 cipient site, which is essential in the immediate
 post-transplant period. Also, the graft should
 not be too thin, so as not to shrivel and expose
 the recipient site. The ideal thickness of a free
 gingival graft is between 1 and 1.5 mm [79].
 The descriptive terms used to classify graft
 thickness are often used interchangeably. Free
 gingival grafts are defined as partial thickness
 when they consist of epithelium and varying
 amounts of lamina propria, or full thickness
 when all the lamina propria but no glandular
 tissue or submucosa is included [23]. Healing
 of a free gingival graft of intermediate thick-
 ness (0.75mm) is complete by 10weeks, while
 thicker grafts (1.75 mm) may require 16 weeks
 or longer [97]. While specifically discussing
 SCTGs, many authors recommend a minimum
 graft thickness of 1.5 mm [35], but none
 actually go on to prove that hypothesis. It
 should be noted that the original description
 of the harvest of connective tissue for root
 coverage required two incisions, an apical
 inverse bevel incision and a coronal incision
 that converged apically, creating a wedge of
 tissue that was always very thin at the base.
 This is avoided by the described technique.
 The tissues are very thin in some cases, so a
 second graft will be needed later to achieve
 appreciable results. The second graft can be
 harvested from the same donor site within a
 3-month period. This allows the harvest of an
 improved quality of connective tissue with less
 adipose or glandular elements. Sclar described
 that the ‘‘second harvest effect’’ may yield
 three to five times the volume of good quality
 connective tissue with double the graft thick-
 ness when compared to the initially harvested
 graft [80].
 Fig. 6. Quantitative topography of the harvest site. The tissue
 thickness measurements are adapted from Studer’s study
 [59]. The graft measurements are based on Reiser’s
 dimensions, depending on the shape of the palate [55]. They
 account for the 2-mm distance from the CEJ of the premolars
 and the 1-mm lateral distance to the neurovascular bundle.
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6. Management of the epithelial band
 When the SCTG is harvested with the double-
 incision approach, a band of epithelium
 remains as part of the graft. It has been
 hypothesized that covering this epithelium
 may later lead to cyst formation [81]. If the
 epithelium is left exposed, it may provide
 slightly more keratinized tissue, but better
 esthetic results were shown when the epithe-
 lium was removed and the entire graft was
 covered with the facial flap [82]. There are no
 comparison studies that evaluate covering the
 epithelium as opposed to removing it before
 covering the flap, however. A combination of
 maintenance of epithelium and its removal
 only in areas that will be covered is often
 suggested [12,55].
 7. Preservation of the periosteal complex
 Another point of contention is whether
 periosteum should be harvested along with
 the SCTG, or if it should be left on the palate.
 Even if no studies support this, it is clear that
 harvesting periosteum improves both the
 thickness and the consistency of the graft.
 Reiser suggested that the retention of perios-
 teum on the donor tissue may provide
 increased circulation to the graft [55]. On the
 other hand, Sullivan and Atkins hypothesized
 that fat may act as a barrier to both diffusion
 and vascularization [23,56]. Not harvesting
 periosteum tends to lead to wedge-shaped
 grafts where the coronal 3 to 5 mm are
 composed of dense lamina propria, while the
 apical portion will contain loosely organized
 submucosal elements and fat with very little
 structural support. The use of autogenous
 periosteal grafts (SCTG including periosteum)
 as barriers for the treatment of furcae and
 intrabony defects has been successfully dem-
 onstrated [83,98].8. Tissue preservation
 The efficacy of SCTG results from a
 combination of the effects of two principles
 of tissue transplantation: the ‘‘host replace-
 ment theory,’’ which states that the graft
 merely acts as a matrix for host cell repair,
 and the ‘‘cell survival theory,’’ which claims
 that some of the donor tissue actually
 survives. It seems that most of the effect is
 caused by replacement, but the exact role of
 cell survival has not been elucidated. There-
 fore, a concerted effort should be made for the
 graft tissue to be left out for as little time as
 possible. Cellular viability is maintained for a
 short time by placing the graft between
 saline-moistened gauzes.
 III. Recipient site factors
 1. Proper diagnosis
 It is important to understand the healing
 potential and extent of disease in the planned
 graft area. Sequencing of treatment and the
 possible need for multiple procedures should
 be clearly explained to the patient, as with
 any surgical procedure.
 2. Vascular potential of recipient bed
 A free soft-tissue graft is, by definition,
 totally dependent on the recipient site for its
 survival. It is difficult to sustain a free soft-
 tissue graft in a hypovascular area, such as in
 the aftermath of trauma, multiple surgeries, or
 infectious episodes. Among other options, the
 use of autologous platelet-rich plasma may
 improve results in these cases.
 3. Reduced bacterial load
 Even if bacterial byproducts are often impli-
 cated (at least partially) in the etiology of oral
 and gingival problems, some authorities have
 recommended against prophylactic manage-
 ment of diseased tissues. Indeed, Miller sug-
 gests that a ‘‘pathologically involved papilla
 offers a larger papilla for suturing and bleeds
 more profusely when cut’’ [84]. This goes
 against the most basic wound-healing princi-
 ples. Skin grafts are known to have better
 success in wounds with bacterial density less
 than 105/g of organisms [85]. Because of good
 vascularity, oral wounds may tolerate higher
 levels than that; however, this should be the
 exception, not the driving principle. As for
 ease of suturing, an edematous papilla may
 offer more surface for a 4-0 or 5-0 suture, but a
 small, healthy papilla offers a more predictable
 result, even if it requires a 6-0 or 7-0 suture.
 4. Adequate exposure
 An area one half to a full tooth wider than the
 recipient site should be exposed. This can
 even be carried further when dealing with
 relatively avascular areas, to take advantage
 of peripheral circulation from adjacent sites.
 When Allen described the use of the envelope
 technique [35], he suggested that beveled
 incisions are preferable to ‘‘butt joint’’
 incisions because they provide intimate
 bilaminar contact with the involved tissues
 and ensure better lateral blood supply to the
 graft. This impression was actually never
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proven in clinical trials, but it is easy to
 appreciate that beveled incisions improve
 light transmission and provide a less con-
 spicuous scar [80].
 The decision of whether to use an envelope
 technique or an open flap should not be an
 absolute one. Similar to all dentoalveolar
 surgery, some cases may be simply treated
 with an envelope flap while others may require
 one or two releases to allow for better ex-
 posure. This must be an individual decision. If
 significant tissue augmentation is planned, a
 long, curvilinear incision provides better
 elasticity of the flap than a traditional trap-
 ezoidal flap. Furthermore, this design allows
 for tension-free coronal advancement. This is
 obviously not possible with a ‘‘closed’’ flap
 design. On the other hand, the ‘‘closed’’
 approach enhances cosmesis and is useful in
 compromised sites where preservation of
 circulation would otherwise be difficult.5. Management of interdental papillae
 Using papilla-preserving flaps allows a re-
 duced change in papillary height. Horizontal
 incisions are used at the level of the CEJ.
 6. Tissue bed preparation
 It is believed that a supraperiosteal dissection
 in the recipient site offers a better blood
 supply; however, in some cases, it is also
 possible to have some parts of the dissection
 carried subperiosteally. The use of free gin-
 gival grafts on denuded bone has been studied
 in both animal models [86] and humans, with
 good success [87]. In fact, some clinicians
 noted that apical and lateral fenestrations
 might be helpful by reducing graft mobility
 [56]. The preservation of periosteum, how-
 ever, remains indicated to reduce healing time,
 reduce alveolar bone resorption, and allow for
 a surface conducive for suturing [88]. Of
 course, if an implant is being placed at the
 same time, full thickness dissection is per-
 formed at the area of the osteotomy and the rest
 of the ridge is dissected supraperiosteally.
 Adequate hemostasis is very important. It is
 best achieved by pressure and by avoiding
 dead space. This is allowed by the preparation
 of a uniform bed to which a uniform graft
 is fixated.
 7. Root/implant surface preparation
 When SCTG are used to cover avascular
 surfaces (root, implant), many techniques are
 available to improve success rate. Root
 surface conditioning remains a controversial
 issue. Miller has been a strong advocate for
 the use of citric acid treatment of the root
 before soft-tissue grafting [89]. While his
 rationale has been compelling, others have
 not found efficacy for its routine use in
 humans [90,91]. Using autoradiographic
 techniques on dogs, neither citric acid nor
 tetracycline treatment offered any advantage
 over treatment with sterile water [92]. In a
 human histologic study, the use of citric acid
 seemed to allow better tissue regeneration;
 however, the only controls were untreated
 teeth, and citric acid was not compared to
 other conditioners [60].
 Root prominence, especially when the tooth
 is facially positioned in the arch, may be a
 factor in reduced root coverage [84]. This
 should be corrected by judicious reshaping.
 8. Graft insetting and fixation
 A fixed graft allows minimal interruption of
 nourishment via plasmatic circulation and
 facilitates further capillary ingrowth. The
 recipient site morphology must offer the
 means to immobilize the graft. Adequate
 exposure and supraperiosteal dissection will
 allow fixation to the stable periosteum. On the
 other hand, envelope-type preparations often
 fix the graft apically to the cover tissue, which
 itself is not a fixed structure. This is even more
 pronounced in shallow vestibules. Shallow
 vestibular depth, thus, is often a contra-
 indication to the closed technique because of
 immobilization difficulty.
 9. Cover-flap integrity
 The covered areas of the graft actually have a
 dual blood supply from the periosteum and
 from the flap. Good blood supply to these
 areas allows a more predictable survival of
 the uncovered parts. Many flap designs have
 been devised to reduce that uncovered area
 with variable success. There is no literature
 that describes the maximal survivable de-
 nuded graft surface area at this point. In their
 original article, Langer and Langer state that
 an uncovered area that was one half to one
 third of the total graft area usually survives
 well [12]. This raises the question regarding
 the necessity for strict cover flap integrity.
 10. Tension-free closure
 Even if some authors recommend a ‘‘stret-
 ched’’ graft, this seems to contradict wound-
 healing principles [35,93]. A tension-free graft
 and closure where the graft passively lays in its
 recipient site has the best chance for success.
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In fact, Raetzke recommended no use of
 sutures; he used tissue adhesive instead.
 11. Interim provisional restoration
 The use of tooth-borne interim restorations in
 implant cases reduces micromovement of the
 graft. This will optimize the volume yield and
 allow for more predictable healing [94].
 Summary
 Subepithelial connective tissue grafting is a pre-
 dictable technique that has become the workhorse for
 cosmetic, small-volume soft-tissue augmentation.
 Many modifications have been designed, demonstrat-
 ing the versatility of the procedure. Consistent results
 will be obtained as long as sound scientific principles
 are followed.
 References
 [1] Foman S. Cosmetic surgery. Philadelphia: Lippincott
 and Co.; 1960. p. 161–200.
 [2] Reverdin J.L. Greffe epidermique. Arch Gen Med
 1872;19:277,555,703.
 [3] Freshwater FM, Krizek TJ. Skin grafting of burns. A
 centennial. J Trauma 1971;11:862–5.
 [4] Schnitzler J, Ewald K. Zur technek der haut transplan-
 tation noch Thiersch [The Thiersch technique of skin
 grafting]. Centrif Cher 1894;21:148–52 [in German].
 [5] Steinhauser EW. Free transplantation of oral mucosa for
 improvement of denture retention. J Oral Surg 1969;
 27:955–61.
 [6] Bjorn H. Free transplantation of gingival propria. Sver-
 iges Tandlakarforbunds Tidning 1963;22:684–8.
 [7] Siegel RJ. Palatal grafts for eyelid reconstruction. Plast
 Reconstr Surg 1985;76:411–4.
 [8] Yoshimura Y, Nakajima T. Tracheoplasty with palatal
 mucoperiosteal graft. Plast Reconstr Surg 1990;86:
 558–62.
 [9] Morgan LR, Gallegos LT, Frileck SP. Mandibular ves-
 tibuloplasty with a free graft of the mucoperiosteal
 layer from the hard palate. Plast Reconstr Surg 1973;
 51:359–63.
 [10] Edel A. Clinical evaluation of free connective tissue
 grafts to increase the width of keratinized gingiva.
 J Clin Periodontol 1974;1:185–96.
 [11] Langer B, Calagna L. Subepithelial connective tissue
 graft to correct ridge concavities. J Prosthet Dent 1980;
 44:363–7.
 [12] Langer B, Langer L. Subepithelial connective tissue
 graft technique for root coverage. J Periodontol 1983;
 56:715–20.
 [13] Argenta LC, Friedman RJ, Dingman RO, et al. The
 versatility of pericranial flaps. Plast Reconstr Surg
 1985;76:695–702.
 [14] Erol OO. Facial autologous soft-tissue contouring by
 adjunction of tissue cocktail injection (micrograft and
 minigraft mixture of dermis, fascia and fat). Plast Re-
 constr Surg 2000;106:1375–89.
 [15] Cortese A, Savastano G, Felicetta L. Free fat trans-
 plantation for soft tissue augmentation. J Oral Maxil-
 lofacial Surg 2000;58:164–9.
 [16] Harris RJ. Root coverage with a connective tissue
 with partial thickness double pedicle graft and an acel-
 lular dermal matrix graft: a clinical and histological
 evaluation of a case report. J Periodontol 1998;69:
 1305–11.
 [17] Tal H. subgingival acellular dermal matrix allograft
 for the treatment of gingival recession: a case report.
 J Periodontol 1999;70:1118–24.
 [18] Lauer G, Otten JE, von Specht BU, et al. Cultured
 gingival epithelium. A possible suitable material for
 preprosthetic surgery. J Cranio Max Fac Surg 1991;
 19:21–6.
 [19] Ueda M, Hata KI, Sumi Y, et al. Peri-implant soft
 tissue management through use of cultured mucosal
 epithelium. Oral Surg Oral Med Oral Path 1998;86:
 393–400.
 [20] Sclar AG. The vascualrized interpositional periosteal-
 connective tissue flap: a new technique for large-vol-
 ume soft-tissue reconstruction and simultaneous hard
 and soft tissue augmentation of alveolar ridge defects
 in the anterior maxillary area. In: Sclar AG, editor. Soft
 tissue and Esthetic considerations in implant therapy.
 Chicago: Quintessence; 2001. p. 106–10.
 [21] Wennstrom JL. Lack of association between width of
 attached gingiva and development of gingival reces-
 sion. A 5-year longitudinal study. J Clin Periodontol
 1987;14:181–4.
 [22] Stetler KJ, Bissada NF. Significance of the width of
 keratinized gingiva on the periodontal status of teeth
 with submarginal restorations. J Periodontol 1987;
 58:696–700.
 [23] Sullivan HC, Atkins JH. Free autogenous gingival
 grafts. III. Utilization of grafts in the treatment of gin-
 gival recession. Periodontology 1968;6:152–60.
 [24] Miller PD. A classification of marginal tissue reces-
 sion. Int J Periodont Rest Dent 1985;5:8–13.
 [25] Grupe H, Warren R. Repair of gingival defects by a
 sliding flap operation. J Periodontol 1956;27:92–5.
 [26] Caffesse R, Guinard E. Treatment of localized reces-
 sions. Part IV. Results after three years. J Periodontol
 1980;51:167–70.
 [27] Miller Jr. PD. Root coverage using the free soft tissue
 autograft following citric acid application. III. A suc-
 cessful and predictable procedure in areas of deep wide
 recession. Int J Periodont Rest Dent 1985;5: 14–37.
 [28] Jahnke PV, Sandler JB, Gher ME, et al. Thick free
 gingival and connective tissue autografts for root cov-
 erage. J Periodontol 1993;64:315–22.
 [29] Paolantonio M, di Murro C, Cattabriga A, et al. Sub-
 pedicle connective tissue graft versus free gingival graft
 M. Matouk, A.G. Sclar / Oral Maxillofacial Surg Clin N Am 14 (2002) 241–257 255

Page 16
                        

in the coverage of exposed root surfaces. A 5-year clin-
 ical study. J Clin Periodontol 1997;24:51–6.
 [30] Allen EP. Pedicle flaps, gingival grafts, and connec-
 tive tissue grafts in aesthetic treatment of gingival
 recession. Pract Periodontics Aesthet Dent 1993;5:
 29–38.
 [31] Nelson S. The subpedicle connective tissue graft. A
 bilaminar reconstructive procedure for the coverage of
 denuded root surfaces. J Periodontol 1987;58:95–102.
 [32] Harris RJ. The connective tissue and partial thickness
 double pedicle graft: a predictable method of obtaining
 root coverage. J Periodontol 1992;63:477–86.
 [33] Harris RJ. The connective tissue with partial thickness
 double pedicle graft: the results of 100 consecutively
 treated defects. J Periodontol 1994;65:448–61.
 [34] Raetzke P. Covering localized areas of root exposure
 employing the ‘‘envelope’’ technique. J Periodontol
 1985;56:397–402.
 [35] Allen AL. Use of the supraperiosteal envelope in soft
 tissue grafting for root coverage. I. Rationale and tech-
 nique. Int J Periodont Rest Dent 1994;14:217–27.
 [36] Blanes RJ, Allen EP. The bilateral pedicle flap-tunnel
 technique: a new approach to cover connective tissue
 grafts. Int J Periodont Rest Dent 1999;19:471–9.
 [37] Muller HP, Stahl M, Eger T. Root coverage employing
 an envelope technique or guided tissue regeneration
 with a bioabsorbable membrane. J Periodontol 1999;
 70:743–51.
 [38] Borghtetti A, Glise JM, Monnet-Corti V, et al. Com-
 parative clinical study of a bioabsorbable membrane
 and subepithelial connective tissue graft in the treat-
 ment of human gingival recession. J Periodontol 1999;
 70:123–30.
 [39] Harris RJ. A comparison of two root coverage tech-
 niques: guided tissue regeneration with a bioabsorbable
 matrix style membrane versus a connective tissue graft
 combined with a coronally positioned pedicle graft
 without vertical incisions. Results of a series of con-
 secutive cases. J Periodontol 1998;69:1426–34.
 [40] Silverstein LH, Kurtzman D, Garnick JJ, et al. Con-
 nective tissue grafting for improved implant esthetics:
 clinical technique. Implant Dent 1994;3:231–4.
 [41] Tarnow DP, Magner AW, Fletcher P. The effect of the
 distance from the contact point to the crest of bone on
 presence or absence of the interproximal dental papilla.
 J Periodontol 1992;63:995–6.
 [42] Jemt T. Regeneration of gingival papillae after single
 implant treatment. Int J Periodont Rest Dent 1997;17:
 327–33.
 [43] Ingber JS. Forced eruption: alteration of soft tissue
 cosmetic deformities. Int J Periodont Rest Dent 1989;
 9:417–25.
 [44] Beagle JR. Surgical reconstruction of the interdental pa-
 pilla: case report. Int J Periodont Rest Dent 1992;12:
 145–51.
 [45] Tarnow DP. Semilunar coronally repositioned flap.
 J Clin Periodontol 1986;13:182–5.
 [46] Han TJ, Takei HH. Progress in gingival papilla recon-
 struction. Periodontol 2000 1996;11:65–8.
 [47] Azzi R, Etienne D, Sauvan JL, et al. Root coverage and
 papilla reconstruction in class IV recession: a case re-
 port. Int J Periodont Rest Dent 1999;19:449–55.
 [48] Azzi R, Etienne D, Carranza F. Surgical reconstruction
 of the interdental papilla. Int J Periodont Rest Dent
 1998;18:467–73.
 [49] Hurzeler MB, Weng D. Functional and esthetic out-
 come enhancement of periodontal surgery by applica-
 tion of plastic surgery principles. Int J Periodont Rest
 Dent 1999;19:37–43.
 [50] Seibert JS. Reconstruction of deformed, partially eden-
 tulous ridges, using full thickness onlay grafts. Part I.
 Technique and wound healing. Compend Contin Educ
 Dent 1983;4:437–53.
 [51] Studer SP, Lehner C, Bucher A, et al. Soft tissue cor-
 rection of a single-tooth pontic space: a comparative
 quantitative volume assessment. J Pros Dent 2000;83:
 402–11.
 [52] Cabrera PO. The connective tissue graft with labial ves-
 tibular extension. Pract Periodont Aesthet Dent 1994;
 6:57–63.
 [53] Cohen ES. Ridge enhancement and socket preservation
 utilizing the subepithelial connective tissue graft: a
 case report. Pract Periodont Aesthet Dent 1995;7:
 53–8.
 [54] Sclar AG. Preserving alveolar ridge anatomy following
 tooth removal in conjunction with immediate implant
 placement: the Bio-Col technique. Atlas Oral Maxillo-
 facial Surg Clin N Am 1999;7:39–59.
 [55] Reiser GM, Bruno JF, Mahan PE, et al. The subepithe-
 lial connective tissue graft palatal donor site: anatomic
 considerations for surgeons. Int J Periodont Rest Dent
 1996;16:130–7.
 [56] Sullivan HC, Atkins JH. Free autogenous gingival
 grafts. I. Principles of successful grafting. Periodontics
 1968;6:121–9.
 [57] Nobuto T, Imai H, Yamaoka A. Ultrastructural changes
 of subepithelial capillaries following graft epitheliali-
 zation. J Periodontol 1988;59:570–6.
 [58] Pasquinelli KL. The histology of new attachment uti-
 lizing a thick autogenous soft tissue graft in an area of
 deep recession: a case report. Int J Periodont Rest Dent
 1995;15:248–57.
 [59] Sugarman EF. A clinical and histological study of the
 attachment of grafted tissue to bone and teeth. J Perio-
 dontol 1969;40:381–7.
 [60] Common J, McFall WT. The effect of citric acid on
 attachment of lateral positioned flaps. J Periodontol
 1983;54:9–18.
 [61] Cortellini P, Clauser C, Pini Prato G. Histological as-
 sessment of new attachment following the treatment
 of a human buccal recession by means of a guided
 tissue regeneration procedure. J Periodontol 1993;64:
 387–91.
 [62] Harris RJ. Human histologic evaluation of root cover-
 age obtained with a connective tissue with partial
 thickness double pedicle graft. A case report. J Perio-
 dontol 1999;70:813–21.
 [63] Wennstrom JL, Zucchelli G. Increased gingival dimen-
 M. Matouk, A.G. Sclar / Oral Maxillofacial Surg Clin N Am 14 (2002) 241–257256

Page 17
                        

sions. A significant factor for successful outcome of
 root coverage procedures? A 2-year prospective clini-
 cal study. J Clin Periodontol 1996;23:770–7.
 [64] Akef J, Weine FS, Weissman DP. The role of smoking
 in the progression of periodontal disease: a literature
 review. Compend Contin Educ Dent 1992;13:526–30.
 [65] Zucchelli G, Clauser C, De Sanctis M, et al. Mucogin-
 gival versus guided tissue regeneration procedures in
 the treatment of deep recession type defects. J Perio-
 dontol 1998;69:138–45.
 [66] Hiatt WH, Stallard RE, Butler ED, et al. Repair follow-
 ing mucoperiosteal flap surgery with full gingival re-
 tention. J Periodontol 1968;39:11–6.
 [67] Studer SP, Allen EP, Rees TC, et al. The thickness of
 masticatory mucosa in the human hard palate and tu-
 berosity as potential donor sites for ridge augmentation
 procedures. J Periodontol 1997;68:145–51.
 [68] Hurzeler MB, Weng D. A single incision technique to
 harvest subepithelial connective tissue grafts from the
 palate. Int J Periodont Rest Dent 1999;19:279–87.
 [69] Ajmani ML. Anatomical variation in position of the
 greater palatine foramen in the adult human skull.
 J Anatom 1994;184:635–7.
 [70] Westmoreland EE, Blanton PL. An analysis of the var-
 iations in position of the greater palatine foramen in the
 adult human skull. Anatom Rec 1982;204:383–8.
 [71] Harris RJ. A comparison of two techniques for obtain-
 ing a connective tissue graft from the palate. Int J
 Periodont Rest Dent 1997;17:261–71.
 [72] Karring T, Lang NP, Loe H. The role of gingival con-
 nective tissue in determining epithelial differentiation.
 J Periodontol Res 1975;10:1–11.
 [73] Borghetti A, Louise F. Controlled clinical evaluation
 of the subpedicle connective tissue graft for the cov-
 erage of gingival recession. J Periodontol 1994;65:
 1107–12.
 [74] Mackenzie JC, Fusenig NE. Regeneration of organ-
 ized epithelial structure. J Invest Dermatol 1983;81:
 1895–945.
 [75] Ouhayoun JP, Sawal HM, Goffaux JC, et al. Re-
 epithelialization of a palatal connective tissue graft
 transplanted in a nonkeratinized alveolar mucosa: a
 histological and biochemical study in humans. J Perio-
 dontol Res 1988;23:127–33.
 [76] Ainamo A, Bergenholtz A, Hugoson A, et al. Location
 of the mucogingival junction 18 years after apically
 repositioned flap surgery. J Clin Periodontol 1992;19:
 49–52.
 [77] Orban BJ. Oral mucous membrane. In: Bhaskar SN,
 editor. Oral histology and embryology. 11th edition.
 St Louis: Mosby Co.; 1991. p. 283–89.
 [78] Sefarty R, Itic J, Sawaf A. Subepithelial connective
 tissue grafts in periodontal surgery and implantology.
 J Dent Res 1991;70:509–14.
 [79] Mormann W, Schaer F, Firestone AC. The relationship
 between success of free gingival grafts and transplant
 thickness. J Periodontol 1981;52:74–80.
 [80] Sclar AG. Cosmetic soft-tissue enhancement for dental
 implants. Alpha Omegan 2000;93:38–46.
 [81] Breault L, Billman MA. Report of a gingival surgical
 cyst developing secondarily to a subepithelial connec-
 tive tissue graft. J Periodontol 1997;68:392–5.
 [82] Bouchard P, Etienne D. Subepithelial connective tissue
 grafts in the treatment of gingival recessions. A com-
 parative study of two procedures. J Periodontol 1994;
 65:929–36.
 [83] Lekovic V, Kenney EB, Carranza FA, et al. The use of
 autogenous periosteal grafts as barriers for the treat-
 ment of class II furcation involvements in lower mo-
 lars. J Periodontol 1991;62:775–80.
 [84] Miller PD. Root coverage with the free gingival graft.
 Factors associated with incomplete coverage. J Perio-
 dontol 1987;58:674–81.
 [85] Robson MC, Krizek TJ. Predicting skin graft survival.
 J Trauma 1973;13:213–7.
 [86] Bissada NF, Sears SB. Quantitative assessment of free
 gingival grafts with and without periosteum and osse-
 ous perforation. J Periodontol 1978;49:15–20.
 [87] James WC, McFall Jr. WT. Placement of free gingival
 grafts on denuded alveolar bone. Part I: Clinical eval-
 uations. J Periodontol 1978;49:283–90.
 [88] Burdinsky S, Bori JEF, Ruben MP. Role of periosteum
 in the attachment of free autogenous gingival grafts to
 cortical bone: a histological study in dogs. Int J Perio-
 dont Rest Dent 1985;5:61–77.
 [89] Miller Jr. PD. Root coverage using a free soft tissue
 autograft following citric acid application. I. Technique.
 Int J Periodont Rest Dent 1982;2:65–70.
 [90] Caffesse RG, Dela Rosa M, Garza M, et al. Citric acid
 demineralization and subepithelial connective tissue
 grafts. J Periodontol 2000;71:568–72.
 [91] World Workshop in Clinical Periodontics VII. Pro-
 ceedings of the Seventh World Workshop in Clinical
 Periodontics. Chicago: American Academy of Perio-
 dontology; 1989. p. 1–25.
 [92] Sammons PR, Wang H, Chiego DJ, et al. Effect of root
 conditioning on periodontal wound healing with and
 without guided tissue regeneration: a pilot study. II.
 Autoradiographic evaluation. Int J Periodont Rest Dent
 1994;14:63–9.
 [93] Holbrook T, Oschenbein C. Complete coverage of the
 denuded root surface with a one stage gingival graft.
 Int J Periodont Rest Dent 1983;3:9–27.
 [94] Wikesjo UME, Nilveus R. Periodontal repair in dogs:
 Effect of wound stabilization on healing. J Periodontol
 1990;61:719–24.
 [95] Cho M, Garant PR. Development and general structure
 of the periodontium. Periodontology 2000;24:9–27.
 [96] Block MS. Subepithelial connective tissue grafting
 with dental implants. Atlas Oral Maxillofac Surg Clin
 N Am 1999;7:95–107.
 [97] Gordon HP, Sullivan HC, Atkins JH. Free autogenous
 gingival grafts. II. Supplemental findings-histology of
 the graft site. Periodontics 1968;6:130–3.
 [98] Kwan SK, Lekovic V, Camargo PM, et al. The use of
 autogenous periosteal grafts as barriers for the treat-
 ment of intrabony defects in humans. J Periodontol
 1998;69:1203–9.
 M. Matouk, A.G. Sclar / Oral Maxillofacial Surg Clin N Am 14 (2002) 241–257 257



						
LOAD MORE                    

                                    


                
                    
                    
                                        
                

                

                        


                    

                                                    
                                27 Secrets To Landing Page Success.pdf

                            

                                                    
                                Silverturtle's Guide to SAT and Admissions Success.pdf

                            

                                                    
                                Vegetable Grafting - WSU Extensionextension.wsu.edu/.../sites/27/2014/04/Grafting... · grafting both eggplant and tomato using the splice grafting technique. Splice grafting is the

                            

                                                    
                                The Secret Code of Success.pdf

                            

                                                    
                                Research Article Effects of soft tissue grafting prior to ... · (autogenous connective tissue graft on I1), AT-control group (contralateral side in the AT group), CM group (xenogeneic

                            

                                                    
                                IBM Customer Success.PDF

                            

                                                    
                                Restoration of both lateral superior incisors with narrow ......Patient presented with congenitally missing lateral incisors, underwent bone and connective tissue grafting and received

                            

                                                    
                                Planning For Success.pdf

                            

                                                    
                                plantbasedservices.complantbasedservices.com/.../04/Grafting-Handout_opt.pdf · grafting, whip grafting, bridge grafting, and shield budding are described here. Although this publication

                            

                                                    
                                Mucogingival surgery around teeth and implants · • Coronal advancement flap • Connective tissue grafting techniques • Bilaminar techniques: Coronal advancement flap, connective

                            

                                                    
                                the success.pdf

                            

                                                    
                                THE BOOK OF ME - LIFE COACH YOURSELF TO SUCCESS.pdf

                            

                                                    
                                Connective Tissue · Connective tissue Embryonic connective tissue Mesenchyme connective tissue proper Loose (areolar) connective tissue Connective tissue Special Elastic Reticular

                            

                                                    
                                6FDA Report 2-year Gains and Success.pdf

                            

                                                    
                                vijayreddykamidi.weebly.com · 2019. 10. 5. · Root cuttings Leaf cuttings Grafting iInarching or (Approach groafting iiVeneer grafting iiiWhipor (Toung grafting ivSide grafting

                            

                                                    
                                assesing expatriate success.pdf

                            

                                                    
                                Practical Micro. Mn el-A5er Easy Success.pdf

                            

                                                    
                                Anik Singal Success.pdf

                            

                                                    
                                Connective Tissue and Bone Grafting for Anterior Immediate … Word - SIMPLIFIED_CONNECTI… · Connective Tissue and Bone Grafting for Anterior Immediate Implant Placement: Crescent

                            

                                                    
                                Connective Tissue - Alabama School of Fine Arts Tissue.pdf · Connective Tissue Connective Tissue Proper 1. Loose Connective Tissue a. areolar b. adipose c. reticular 2. Dense Connective

                            

                                                    
                                Palatable Alternatives to Connective Tissue Grafts · 2019-08-05 · Soft-tissue grafting procedures are considered an integral part of implant dentistry, with various techniques

                            

                                                    
                                Stent Grafting for treating Abdominal Aortic Aneurysms (EVAR) · Stent Grafting for treating Abdominal Aortic Aneurysms (EVAR) 7 Advantages of stent grafting Stent grafting (EVAR)

                            

                                                    
                                ART OF GRAFTING - University of Hawaii · art of grafting grafting tropical fruit trees and other plants 10/25/2014 uh mastergardener statewidw conference, maui, grafting 1 ... grafting

                            

                                                    
                                Bangalore's success.pdf

                            

                                                    
                                Connective Tissue · Connective tissue Embryonic connective tissue Mesenchyme Mucous connective tissue proper Loose (areolar) connective tissue Connective tissue Special Elastic Reticular

                            

                                                    
                                Effect of Grafting and Fertilizer ... - Vegetable Grafting

                            

                                                    
                                Connective Tissue and Bone Grafting for Anterior …blackwhiteimplants.weebly.com/uploads/5/...connective_tissue_grafts... · Connective Tissue and Bone Grafting for Anterior Immediate

                            

                                                    
                                Connective Tissue Maarefa College. Objectives What is connective tissue Types of connective tissues Functions of connective tissues – Relation of structure

                            

                                                    
                                From Stress to Success.pdf

                            

                                                    
                                roadmap to ielts speaking success.pdf

                            

                                                    
                                the grafting and top grafting of vines

                            

                                                    
                                An Alternative to Autogenous Connective Tissue Grafting for Root Coverage

                            

                                                    
                                Connective Tissues 1. Connective tissues Introduction  Connective tissues provide structural support for other tissues and organs.  Connective tissues

                            

                                                    
                                _Quotes_ for Teachers_ Perseverance, Determination, Achievement and Success.pdf

                            

                                                    
                                There are two main sub-classifications of connective tissue.  They are :- 1) connective tissue proper 2) specialized connective tissue.  Connective

                            

                        
                    

                                    

            

        

    

















    
        
            
                	About us
	Contact us
	Term
	DMCA
	Privacy Policy



                	English
	Français
	Español
	Deutsch


            

        

        
            
                Copyright © 2022 VDOCUMENTS

            

                    

    








    


