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Decision-making in aesthetics:
root coverage revisited
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Over the years, numerous surgical techniques have
been introduced to correct labial, gingival recession
defects. Aesthetic concerns are usually the reason to
perform these procedures. Clinical studies have
evaluated many of the techniques. The depths of the
defects have been measured before surgery and at a
follow-up examination after 6 months or later. Re-
sults in terms of mid-surface root coverage have
been expressed in millimeters and as the percentage
of original defect that has been covered. Also, per-
centage defects with complete coverage have often
been reported.

The results of available studies have been evalu-
ated (30, 117, 119). Mean root coverage for the
treated patient groups ranges from around 50% to
close to 100% of the original defect depth. Mean root
coverages of 70–80% seem most common. Complete
root coverages have been achieved in about 50% of
the treated defects. These results were confirmed by
our own updated review and compilation of data

Table 1. Mean percentage of root coverage in Class I and Class II defects: summary of data from
comparative and non-controlled case studies. Selection criteria: 6-month minimum follow-up, at least
10 patients per group, initial recession depth data available

Number Number Maximum Mean initial
of of Number Number length of recession Mean % of
selected study of of studies depth in mm root coverage

Procedure studies groups patients teeth in months (range) (range)

Rotational flapsa 6 8 121 127 36 3.9 (3.1–5.0) 66 (41–82)

Advanced flapsb 6 7 119 244 96 3.7 (3.3–4.1) 77 (55–98)

Submerged grafts
πrotational flapsc 5 5 137 170 18 3.9 (3.3–4.9) 83 (70–97)
πcoronally positioned flapd 11 13 246 281 60 4.0 (3.0–5.6) 82 (52–99)
Envelopee 4 4 50 64 48 2.9 (2.5–3.4) 83 (80–87)

Guided tissue regeneration techniques
Nonresorbable membranef 10 10 201 201 48 5.0 (3.3–6.3) 76 (54–87)
Resorbable membraneg 7 8 98 104 12 4.25 (3.1–5.8) 74 (48–92)

Selected studies:
a 24, 25, 33, 40, 98, 123.
b2, 64, 67, 91, 113, 118
c 15, 16, 46, 48, 88.
d16, 17, 19, 20, 49, 61, 78, 93, 116, 118, 125.
e 4, 58, 72, 86.
f 58, 83, 89, 90, 107, 108, 109, 111, 112, 125.
g 17, 48, 49, 63, 89, 116, 125.
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from the literature (Tables 1, 2). There seems to be
no clear difference in the effectiveness of the various
techniques using these methods of evaluation.

Previous research has focused on evaluations and
comparisons of various techniques. Few attempts
have been made to identify factors of importance for
success or failure. Therefore, the clinician receives
little guidance from the literature in decision-making
on the individual case. In addition, results have only
been assessed by millimeter and percentage data. The
overall aesthetic outcome – also depending on final
color and tissue blend of the grafted area – has not
been systematically evaluated. It has merely been re-
marked upon using general terms such as ‘‘aesthet-
ically pleasing’’ and ‘‘good aesthetic results’’. This lack
of information adds to the difficulties in the selection
of best procedure for the individual case.

At this stage, thus, decision-making for root cover-
age procedures can only partly be based upon scien-
tific evidence. Therefore, this chapter also focuses on
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Table 2. Mean percentage of teeth with complete root coverage in Class I and Class II defects:
summary of data from comparative and non-controlled case studies. Selection criteria: 6-month
minimum follow-up, at least 10 patients per group, initial recession depth data available

Maximum % teeth with
Number Number length of complete root
of selected of study Number Number studies in coverage

Procedure studies* groups of patients of teeth months (range)

Rotational flaps – – – – – –

Advanced flapsa 6 7 119 244 96 45 (9–84)

Submerged grafts
πrotational flapsb 2 2 84 110 6 89.5 (89–90)**
πcoronally positioned flapc 8 8 205 223 60 56 (50–88)
Enveloped 4 4 50 64 48 53 (42–62)

Guided tissue regeneration techniques
Nonresorbable membranee 6 6 84 84 48 33 (0–47)
Resorbable membranef 5 5 64 70 12 44 (8–72)

*The numbers of studies in this table are reduced compared to Table 1, since the percentage of defects with complete coverage has not always been
reported.
**One operator performed all procedures.
Selected studies:
a 2, 64, 67, 91, 113, 118.
b46, 48.
c 19, 20, 49, 61, 78, 116, 118.
d4, 58, 72, 86.
e 58, 89, 90, 107, 111, 125.
f 48, 49, 89, 116, 125.

the ‘‘unknowns’’ – overall aesthetic outcome and fac-
tors of relevance for successfull results of the individ-
ual case. It should be realized that many opinions
and recommendations presented here are primar-
ily – and by necessity – based on our personal clin-
ical experiences. Nevertheless, we feel that careful
decision-making prior to root coverage procedures
will enhance the success rate for these efforts.

Table 3. Root coverage techniques

Pedicle soft tissue grafts
O Rotational flaps

Laterally positioned flap
Double papilla flap

O Advanced flaps
Coronally positioned flap
Semilunar flap

Free soft tissue grafts
O Nonsubmerged graft

One stage (free gingival graft)
Two stage (free gingival graft π coronally positioned

flap)
O Submerged grafts

Connective tissue graft π laterally positioned flap
Connective tissue graft π double papilla flap
Connective tissue graft π coronally positioned flap

(subepithelial connective tissue graft)
Envelope techniques

Additive treatments
O Root surface modification agents
O Enamel matrix proteins
O Guided tissue regeneration

Nonresorbable membrane barriers
Resorbable membrane barriers
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Root coverage techniques

Currently, numerous surgical techniques are pro-
posed for root coverage (Table 3).

Pedicle soft tissue grafts

Soft tissues adjacent to the recession area are posi-
tioned over the defect.

Rotational flaps

The displacement is a lateral movement of rotation.
At first it was described as the ‘‘lateral sliding flap’’

Fig. 1. Schematic drawing of laterally positioned flap tech-
nique
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Fig. 2. A. Shallow-narrow recession de-
fect. The base of the cleft is located in
the alveolar mucosa (Miller Class II).
Gingival augmentation is needed to
cover the prosthetic margin. B. In-
creased dimension of the gingiva; 27
months post-treatment following lat-
erally positioned flap.

(38). The procedure was then improved, and named:
the laterally positioned flap (39, 99) (Fig. 1, 2). The
‘‘oblique rotational flap’’ (80), the ‘‘rotation flap’’ (79)
and the ‘‘transpositioned flap’’ (9) are modifications
in incision design. When the lateral movement is
both mesial and distal to the defect, the rotational
flap is called a double papilla flap (26) (Fig. 3).

Advanced flaps

The displacement is a vertical movement in a co-
ronal direction. The semilunar flap (102) differs from
the coronally positioned flap (2, 47, 67, 91, 118) in
the incision design and in the placement of sutures
(Fig. 4, 5).

Fig. 4. Schematic drawing of semilunar flap technique
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Fig. 3. Schematic drawing of double papilla flap technique

Fig. 5. Schematic drawing of coronally positioned flap
technique
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Fig. 6. Schematic drawing of nonsubmerged graft tech-
nique

Fig. 7. Schematic drawing of subepithelial connective
tissue graft technique.

Free soft tissue grafts

Soft tissues are transferred from an area distant to
the recession to cover the defect. The graft can be
nonsubmerged: that is, placed on the surface of the
recipient bed; or submerged, when the graft is com-
pletely or partially covered by the flap.
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Nonsubmerged grafts

The epithelialized soft tissue graft is commonly
named free gingival graft (13, 14, 54, 56, 66, 69, 110)
(Fig. 6). A two-step procedure has also been de-
scribed (12, 24, 50, 59, 104). First, gingival augmenta-
tion is achieved by a free gingival graft. Secondly,
after the graft has healed, a coronally positioned flap
is performed to cover the recession defect.

Submerged grafts

The subeptithelial connective tissue graft combines
a free connective tissue graft with pedicle soft tissue
grafts (Fig. 7). Numerous modifications have been
described in the literature.

To cover the graft, laterally positioned flaps (73,
88) or double papilla flaps (15, 45, 46, 48) have
been proposed. However, a coronally positioned
flap is most commonly used (17, 19, 36, 60, 61, 78,
93, 116, 118, 125). Horizontal incisons have been
suggested to avoid vertical releasing incisons (23,
49, 57) (Fig. 8, 9). An envelope technique with (72)
or without (86) vertical incisions has been also
proposed (Fig. 10). A modification of the envelope
technique, the tunnel approach, has been de-
scribed for combined treatment of adjacent re-
cessions (3, 4, 122) (Fig. 11, 12).

Initially, partially epithelialized connective tissue
grafts were used; the epithelial border of the graft
was not excised, but left coronal to the border of the
flap. In order to enhance the esthetic results, it has
been suggested to remove the epithelial collar and
completely immerse the graft under the flap (19, 20)
(Fig. 13, 14).

Fig. 8. Schematic drawing of submerged graft technique
with horizontal incisions.
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Fig. 9. A. Moderate-wide recession defect on the maxillary mesial and distal to the defect. C. A connective tissue
canine (Miller Class I). No gingival augmentation is re- graft, without epithelial band, is placed beneath the flap.
quired. B. Preparation of the recipient site. Two horizontal D. The embedded graft is secured by the coronally posi-
incisions are made at the cementoenamel junction level, tioned flap. E. 2 years post-surgery.

Additive treatments

In order to improve the biological link between the
root surface and the covering soft tissues, additive
treatments have been explored.

Root surface modification agents

Chemical biomodification has centered on the use
of citric acid (2, 13, 14, 19, 25, 45, 56, 57, 59, 62, 69,
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74, 110) and tetracycline hydrochloride (20, 23, 45–
47, 49, 111). It has been recommended to rub the
roots with pH 1 citric acid for 3 min or with tetracy-
cline HCl (50–125 mg/ml for 3–5 min).

Enamel matrix proteins

Enamel matrix proteins gel is applied onto root sur-
faces previously conditioned for 2 min with a 24%
EDTA containing gel (42).
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Fig. 10. Schematic drawing of the envelope technique

Fig. 11. Schematic drawing of the tunnel approach. The
graft is pulled through the tunnel with a suture.

Guided tissue regeneration

A membrane barrier is placed beneath a coronally
positioned flap to cover the area of the recession.

Nonresorbable membrane barriers

Expanded polytetrafluoroethylene membrane bar-
riers were first used (81, 106–108, 112). To provide a
space between the membrane and the root, a teflon
suture in mesiodistal direction through the mem-
brane (81, 88, 125), a gold frame bent under the
membrane (108), or the use of miniscrews (90) was
suggested. Specially designed titanium-reinforced
expanded polytetrafluoroethylene membrane bar-
riers have also been tested (58, 109).

Resorbable membrane barriers

Various absorbable biomaterials for guided tissue re-
generation devices have been used in the compo-
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sition of membrane barriers. Polylactic acid and cit-
ric acid ester (17, 35, 36, 48, 49, 63, 82, 88, 115, 125),
polylactic-polyglycolic acid copolymer (116), polyg-
lactin 910 (28, 85), and collagen (96, 101, 124) have
been subjected to clinical evaluation (Fig. 15).

Healing events affecting aesthetic
outcome

From a periodontal standpoint, Egelberg initiated
the basic principles of wound healing in 1987 (29).
More recently, periodontal wound healing was em-
phasized and reviewed by Wikesjö & Selvig (121). Al-
though the healing pattern in recession defects is
somewhat different from intrabony or furcation de-
fects, the biological principles of healing remain the
same. Surgical guidelines can be deduced from these
principles (Table 4).

Histocompatibility

Root surface cementum of a recession defect is
usually contaminated by exposure to the oral en-
vironment. The longer the roots have been exposed,
the more the surface changes (95). As yet, no clinical
study has explored the influence of the duration of

Table 4. Surgical guidelines related to biological
principles of healing in root coverage procedures

Histocompatibility
Decontamination of exposed root surfaces

Vascularization
Careful surgical manipulation of the soft tissues
Graft larger than the coronal width of the recession

defect
Lateral extension of the vascular bed according to the

surface area of the defect
Vertical incisions over a vascular bed
No sutures over the root surface

Wound stability
No graft mobility
Passive adaptation of the covering flap onto the

recession defect
3 to 5 minutes finger pressure on the operated area
Suture removal after 10 to 14 days
No brushing or chewing on the operated area for 3 weeks

Wound contraction
Coronal margin of the flap secured up to or beyond the

cementoenamel junction

Wound asepsis
No periodontal dressing
Postoperative anti-infective care program

0.12% chlorhexidine rinse, twice daily during
the first 2 weeks

Application of chlorhexidine gel onto the
operated area for another 2 weeks
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Fig. 12. A. Deep-wide recession defects (Miller Class II).
Gingival augmentation is needed. B. A tunnel is created
under the papillae. C. A connective tissue graft is shaped
and trimmed to fit the recipient site. D. The graft is se-
cured by the flap. The coronal portion of the graft is left
outside the border of the facial flap. E. Four months post-
surgery.

root exposure for the outcome of root coverage pro-
cedures.

The removal of the biofilm on the exposed portion
of the root appears to be of importance for healing
(77). It now appears that previously suggested exten-
sive root flattening is not required. Thus, gentle root
planing must render the root surface free from mi-
crobial plaque (32). Root reduction before root
coverage therapies is only indicated for anatomical
reasons, such as root prominence, or caries removal
(119). Recently, the results of a comparative study
suggest that root planing is not necessary in shallow
recession defects treated with coronally positioned
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flap (84). Polishing the exposed root surface resulted
in similar clinical outcome.

Vascularization

In root coverage procedures, the avascular surface
of the root presents a challenge for wound healing.
Blood supply following flap operations will have to
come from the areas bordering the recession de-
fect and from the pedicle (70). The healing of non-
submerged graft primarily depends on the restora-
tion of collateral circulation from the periosteal
connective tissue bed bordering the defect. Thus,
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Fig. 13. Schematic drawing of submerged graft technique
without epithelial collar

the size of the defect relative to the connective
tissue bed determines the survival of nonsub-
merged graft (75, 100).

A recent case-series indicates that flap thickness
is associated with frequency of complete root cover-
age in coronally positioned flap procedures (10). The
thinner the soft tissues, the more difficult the pro-
cedure and higher the risk of postoperative necrosis.
When tissues are thin, particular attention should be
payed to ensure a large vascular bed.

Clinical studies have also demonstrated that the
thickness of the graft plays a major role in graft sur-
vival (14, 69). Submerged grafts maximize soft tissue
survival by providing a double blood supply from the
overlying flap and the periosteal connective tissue
bed.

Wound stability

It has been demonstrated that the initial adhesion of
the clot to the root surface is of critical importance
in the healing process (120). A thin clot promotes
tensile strength and stability of the wound. The sur-
gical technique and the early postoperative period
are the keystones to achieving successful root cover-
age. It is our personal experience that failures pri-
marily occur within the first week after surgery.

Wound contraction

Wound contraction is a major event occurring dur-
ing the formation of granulation tissue. In large
wounds, 5–10% reduction can be observed (11). Un-
desirable postoperative recession can be avoided by
suturing the flap 1 to 2 mm coronal to the cemento-
enamel junction.
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Wound asepsis

In addition to mechanical disruption of the wound,
persistent inflammation and/or infections may af-
fect the healing process. The postoperative care pro-
gram should be based on infection control using
topical antimicrobial agents. Systemic antibiotic
therapy might be reserved for membrane procedures
(97). We rarely use periodontal dressings (18). They
may increase local temperature, humidity and stag-
nation, favoring the development of bacterial bi-
ofilms (21). It should be added, however, that there
are no clinical studies available evaluating different
postoperative procedures.

Aesthetic evaluation of outcome
Patient’s own evaluation

It is the patient, not the surgeon, who primarily
should judge the success of root coverage pro-
cedures. Thus, a key metric should be patient satis-
faction. For other conditions, such qualitative out-
come is usually measured by Visual Analog Scales,
other scores or questionnaires. Surprisingly, this has
not been part of the available literature. A system for
patient’s own evaluation, adapted to root coverage
procedures, is highly needed and should be included
in future research.

Professional evaluation

As mentioned above, defect coverage by soft tissue
in millimeters and percentages has so far been the
main outcome variables in clinical studies. However,
in terms of aesthetics, the percentage of teeth with
complete root coverage seems more important and
should be considered as a prerequisite for success.
Furthermore, comparative data have been based on

Fig. 14. A. Moderate-narrow/wide recesion defects on the
canine and the first premolar (Miller Class I). Gingival
augmentation is not required. The patient’s concern is es-
thetic although recessions are in a non-visible area.
B. After preparing the recipient site, the graft is removed
from the palate. C. Connective tissue wedge with an easily
identified epithelial collar. D. The small band of epithel-
ium is excised. E. Wound edges at the donor site are su-
tured. F. The connective tissue graft is placed over the de-
nuded root surface, and secured up to the cementoenamal
junction. Note that a single mesial vertical releasing in-
cision is made. G. The flap is coronally positioned in order
to completely immerse the graft. H. Three years post-
surgery.
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a central vertical linear measurement taken in mm
in the area of recession. This measurement cannot
fully estimate the aesthetic success of the procedure
because of two reasons: (1) a single measurement
does not accurately reflect the shape and the area of
residual recession; (2) the visual aspect of the graft
and surrounding tissues is not taken into account.

Thus, success criteria should not only be based
upon the amount of root coverage but also upon the
cosmetic integration of the operated zone within the
mouth. Attention needs to be payed to additional
factors (Fig. 16). In a comparative study on root
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coverage, we attempted to evaluate aesthetic results
(19). Impressions and photographs of the recessions
were made preoperatively and 6 months later. Each
photograph was magnified on a screen. The photo-
graphs and the impressions were examined and
compared by two independent examiners who were
blind to the given treatment. The evaluation of the
aesthetic results was scored using a three-step scale:
good, moderate or poor. Concordance between
examiners was assessed by a kappa test. The exam-
iners were asked to score an overall impression of
the surrounding tissues, not just the amount of root
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Fig. 15. A. Moderate-wide recession defect on a maxillary ditioned with a solution of 50 mg/ml tetracycline HCL for 5
canine (Miller Class III). B. The cervical abrasion may minutes. F. Two vertical releasing incisions are made. G.
create adequate space for ingrowth of periodontal ligament The membrane is secured up to the cementoenmal junc-
tissue. C. A guided tissue regeneration technique is chosen tion. H. The flap is sutured over the membrane. I. Thirty
using a biodegradable membrane barrier (GuidorA). D. The months post-surgery. Root coverage is limited to the height
root surface is gently planed. E. The defect area is con- of contour of the interproximal tissue.

surface that was covered. Table 5 indicates the four
relevant factors taken into account by the panel of
examiners to score a global aesthetic impression.
Hopefully, a system like this, one and the same and
universally used, can soon be agreed upon and regu-
larly included in clinical studies.

Decision-making
Patient evaluation

Patient psychology

In 1987, the definition of cosmetic surgery of the
American Society of Plastic and Reconstructive Sur-
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Table 5. Professional evaluation factors for
aesthetic outcome of root coverage procedures

Degree of root coverage

Color match of the tissues
Alveolar mucosa
Pre-existing keratinized tissues
Gingival graft

Soft tissue appearance
Lack of hypertrophic scars or fibrosis
Matching volume and texture

Location of the mucogingival line
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Fig. 16. Top. Episodes of necrotizing gingivitis resulting in
recession defects on the canine, first and second bicuspid.
Bottom. 2 years post-treatment following submerged
graft. Patient’s expectation matches surgeon’s ability. Both
are satisfied with the results. Aesthetic criteria of success
are fulfilled.

geons, accepted by the American Medical Associ-
ation in June 1989, was the following: ‘‘Cosmetic
surgery is performed to reshape normal structures of
the body in order to improve the patient’s appear-
ance and self-esteem’’. Thus, the end goal of aes-
thetic surgery is ‘‘to boost self-esteem’’ (37). This
means that aesthetic procedures deal with psycho-
analytic and social behavior.

Gingival recession is often a source of anxiety to
patients. So far, no psychological instrument in the
field of aesthetic dentistry has been developed to
identify the patient profile. Nevertheless, infor-
mation collected during the consultation can reveal
a psychological profile that may jeopardize patient
satisfaction.

O Noncompliant patients should be considered at
risk. Compliance is needed for success of root
coverage. Long-term, the patient has to modify his
or her hygiene habits in order to avoid marginal
inflammation and minimize toothbrushing
trauma (31) (Fig. 17). Success decreases with poor
plaque control (25). Short-term, the fragile inter-
face between the root surface and the soft tissues
during the days following the operation requires
strict compliance with postoperative instructions.

O Gingival recessions can be the visible sign of on-
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going periodontitis. If so, the periodontal disease
must be first treated. Usually, patients with on-
going periodontitis seeking for aesthetic concerns
are not good candidates for root coverage pro-
cedures (34). There is a discrepancy between aes-
thetic expectation and the likelihood of further
gingival recession as part of the periodontal heal-
ing process.

O An unsatisfied patient already subjected to
multiple aesthetic procedures should be sus-
pected of never being satisfied. The demand for
repeated surgery can be, in fact, a sign of psycho-
pathology (polysurgical addiction).

O Patients presenting factitious gingival ulceration
should be carefully evaluated prior to root cover-
age procedures. Self-inflicted periodontal injuries
can be related to mental disorders (92) such as
Munchausen’s syndrome (51) or dysmorphophob-
ia. Based on information from the American Psy-
chiatric Association (6), when this behavior per-
sists for 4 weeks or longer, it may refer to mental

Fig. 17. A. Multiple Class II recessions associated with
mechanical trauma (29-year-old man from Togo). B. Piece
of soft wood used by the patient as a toothbrush. Any sur-
gical attempt aiming at covering the recessions will fail
until oral hygiene habits are modified.
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Fig. 18. In a social smile, most patient displays eight
maxillary teeth. In full laugh, the exposure can extend to
the mesial portion of the first maxillary molar.

disorders. It can be deducted that at least a 1-
month observation period is necessary prior to a
decision to surgically correct factitial defects.

O The cosmetic zone, as experienced by the patient,
may be not limited to the smile (Fig. 14). It de-
pends on the patient’s perception of his body. A
firm request for aesthetic root coverage procedure
in nonvisible areas should be discussed.

O Aesthetic demands for treatment of shallow Class
I recessions should be carefully analyzed. Even if
the percentage of complete root coverage is high
in this defect category, the surgeon should keep
in mind that the more aesthetic the demand, the
more difficult it is to satisfy the patient.

Risk factors

Little is known about various characteristics of the
patients relative to the results. Only one attempt
seems to have been made (46) but, as has been sug-
gested, the high degree of success of this study (89%
of complete root coverage) may explain that the pa-
tient characteristics evaluated were not related to the
results (30). For example, there is no information
about the influence of gender and age of the patients
on the success rates.

A recent study suggests an association between
smoking and gingival recession in subjects present-
ing minimal or no periodontal disease (41). However,
evaluations of the impact of smoking on the out-
come of root coverage procedures are contradictory.
In two studies using free soft tissue graft, the results
do not seem to be affected by tobacco consumption
(46, 110). This is in contrast to one study using free
connective tissue graft (71), and two studies using
guided tissue regeneration techniques (114, 125);
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where smokers showed less root coverage. However,
in view of the growing number of studies demon-
strating a negative effect of tobacco consumption on
periodontal wound healing (30, 105), it seems
reasonable to consider smoking a risk factor.

The smile line also needs to be considered. Nor-
mally, the cosmetic zone is limited to the maxilla.
The position of the lip line relative to the gingival
line determines the amount of gingival exposure (65)
(Fig. 18). Patients presenting a ‘‘gummy smile’’
should be carefully evaluated before root coverage
procedures. The surgical challenge is great, because
the smile will expose the entire operated zone. These
patients may require orthodontics and orthognatic
surgery to improve the lip line.

Fig. 19. Schematic drawing of Miller classification (68).
A. Class I: Marginal tissue recession does not extend to
the mucogingival junction. No loss of interdental bone or
soft tissue. Class II: Marginal tissue recession extends to
or beyond the mucogingival junction. No loss of interden-
tal bone or soft tissue. B. Class III: Marginal tissue re-
cession extends to or beyond the mucogingival junction.
Loss of interdental bone or soft tissue is apical to the
cementoenamel junction, but coronal to the apical extent
of the marginal tissue recession. Class IV: Marginal tissue
recession extends beyond the mucogingival junction. Loss
of interdental bone extends to a level apical to the extent
of the marginal tissue recession.
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Defect evaluation

So far, only case reports indicate that the loss of
interdental papillae may be partially resolved in iso-
lated defects by grafting procedures (8, 44). The lack
of hard tissue support jeopardizes any attempt to fill
the interproximal area. Thus, the commonly used
Miller’s classification (68) remains a convenient tool
for prognosis evaluation (Fig. 19) (Table 6). However,
this classification has some limitations.

O The position of the tooth and the alveolar ridge
are not taken into account. Recessions in teeth in
a labial position may require orthodontic treat-
ment prior to surgical procedures.

O The size of the defect in both vertical and horizon-
tal dimensions must be considered. As a rule of
thumb, the literature classifies the defects as shal-
low (,3 mm), moderate (3 to 5 mm) or deep (.5
mm). On average, clinical studies indicate a defect
width of 4.5 mm. A 5-mm width should be viewed
as wide. It is to be assumed that the larger the
recession area, the less root coverage should be
expected.

O The residual depth of the vestibule also seems to
be of importance for the selection of procedures.

Choice of technique

In periodontal plastic surgery, the choice of pro-
cedure is based on the four cardinal principles of
any surgery: success, reproducibility, lack of mor-
bidity and economy. Basically, the easier the tech-
nique the more reproducible it is, since the need
for technical skill of the surgeon is reduced. A
skillfully performed operation is 75% decision-

Table 6. Prognosis for root coverage related to
defect morphology

Class I and II
Initial recession depth ,5 mm
Favorable prognosis: complete root coverage can be
achieved.

Initial recession depth Ø5 mm
Uncertain prognosis: limited number of teeth will show
complete root coverage.

Class III
Poor prognosis: no tooth will present complete root
coverage.

Class IV
No root coverage can be anticipated.
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making and 25% dexterity (27). Cosmetic surgery
remains highly dependent on the skill of the oper-
ator, and technological advances should be viewed
with this in mind (53). Sophisticated procedures
may lead to postsurgical complications that can
impair aesthetic outcomes. Time-consumption and
increased fees are also factors to consider in the
selection of procedure. In fact, both are linked.
This implies the choice of a single-step procedure
without additive treatments, which increase dur-
ation and cost of the operation. In coverage of ex-
posed roots, a questionnaire has revealed single-
step surgery to be the patient’s choice (89).

The description of the subepithelial connective
tissue graft technique by Langer & Langer in 1985
represents a breakthrough in the coverage of ex-
posed root surfaces (60). Submerged grafts are now
the reference for prospective comparative studies on
the use of various root coverage techniques (Table
7).

The surgeon’s choice will be based on the confi-
dence he has of his own ability to match the out-
comes of the clinical trials. Table 1 and 2 summarize
data from clinical studies on the effect of various
root coverage procedures. The results of nonsub-
merged grafts are not included since they have been
extensively reviewed previously (30, 117, 119). Due
to differences between protocols, these tables must
be carefully interpreted. Nevertheless, the mean per-
centages express a trend, which can be taken into
account by the clinician.

Interestingly, wide ranges of results are observed
for submerged grafts as well as for the other tech-
niques. These variations suggest limited reproducib-
ility of procedures that require high surgical skills.
They confirm the clinical opinion that these tech-
niques are operator-sensitive.

Dated procedures

Nonsubmerged grafts are no longer justified in the
coverage of recession defects for aesthetic purposes.
The procedure is uncomfortable for the patient be-
cause of the denuded palatal donor site, and the
match with the surrounding tissues is unpredictable.

The double papilla flap also seems to be a dated
technique. Use of elaborate sutures is time-consum-
ing. The procedure requires surgeon’s dexterity. Su-
tures placed over the avascular root surface may lead
to postoperative cleft complications that may impair
esthetic results. Similarly, there seems to be little
clinical advantage in using double pedicle flap to
cover connective tissue grafts.
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Table 8. Decision-aid model for root coverage surgery (Class I and II defects)

Shallow residual vestibule depth Deep residual vestibule depth

No gingival augmentation Gingival augmentation No gingival augmentation Gingival augmentationDefect size
(mm) Narrow Æ5 Wide ±5 Narrow Æ5 Wide ±5 Narrow Æ5 Wide ±5 Narrow Æ5 Wide ±5

Shallow ∞3 Semilunar flap or coronally positioned flap Connective tissue graft
π envelope*

Moderate 3–5

Connective tissue graft π envelope*

Coronally Connective Connective tissue graft
positioned tissue graft π π coronally positioned
flap coronally po- flap

sitioned
flap**

Deep .5 Connective tissue graft π envelope* Connective tissue graft π Connective tissue graft
coronally positioned flap π envelope

*Laterally positioned flap may be used for single recession.
**Completely submerged.

Table 9. Mean increase in gingival height in mm in Class I and Class II defects: summary of data from
comparative and non-controlled case studies. Selection criteria: 6-month minimum follow-up, at least
10 patients per group, initial recession depth data available

Maximum
Number Number length of Mean increase
of selected of study Number Number studies in in height

Procedure studies groups of patients of teeth months (range)

Rotational flapsa 5 7 107 113 9 3.16 (2.7–4.0)

Advanced flapsb 4 5 72 152 96 0.4 (ª0.4–1.3)

Submerged grafts
πrotational flapsc 5 5 137 170 18 2.8 (2.1–3.3)
Coronally positioned flapd 9 11 224 248 60 1.8 (0.6–3.1)
Envelopee 4 4 50 64 48 2.4 (1.2–3.5)

Guided tissue regeneration techniques
Nonresorbable membranef 9 9 145 145 48 0.9 (0.0–1.9)
Resorbable membraneg 7 8 98 104 12 0.5 (ª0.4–2.0)

Selected studies:
a 25, 33, 40, 98, 123.
b67, 91, 113, 118.
c 15, 16, 46, 48, 88.
d16, 17, 19, 20, 49, 78, 116, 118, 125.
e 4, 58, 72, 86.
f 58, 83, 89, 90, 107, 109, 111, 112, 125.
g 17, 48, 49, 63, 89, 116, 125.

Current procedures

Decision-aid model for soft tissue grafts

It is our opinion that the operator’s choice in clinical
practice could be limited to use of pedicle soft tissue
grafts and submerged connective tissue grafts. The
application of these two techniques should be based
upon various aspects of the anatomy of the individ-
ual defect site. In Table 8 we propose a decision-aid
model that considers the size of the defect to be
treated, the need for gingival augmentation, and the
residual depth of the vestibule in a effort to achieve
best possible overall aesthetic result.
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Size of the defect

The semilunar flap, easy to perform, is highly repro-
ducible in shallow recession defects when gingival
augmentation is not needed. In Class I moderate de-
fects, similar degrees of root coverage have been re-
ported with coronally positioned flap and sub-
merged graft. Nevertheless, less favorable results
were observed in defects presenting an initial re-
cession depth Ø5 mm (118). With reference to the
healing events described above, it is reasonable to
assume that moderate recessions should be treated
with coronally positioned flaps, whereas submerged
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Fig. 20. A. A mandibular canine and a premolar with deep
recession defects and extensive abrasion. B. 1 year post-
treatment following subepithelial connective tissue graft.
Complete root coverage is achieved. However, the aes-
thetic evaluation is classified as moderate due to the soft
tissue appearance. A gingival groove marks the border of
the epithelial band of the graft, which was left coronal to
the flap margin.

graft procedures seem to be needed for wide and/or
deep defects.

Envelope procedures without vertical releasing in-
cisions should be preferred over other techniques as
they prevent any unappealing postoperative scar
lines. Tunnel approach allows multiple recessions to
be treated in one session. At the donor site, a long
wedge of tissue must be pulled out. To avoid the risk
of cyst formation, the epithelium of the graft to be
covered by the interdental gingiva must be carefully
excised.

Need for gingival augmentation

Some increase in gingival height is found following
all root coverage procedures (Table 9). However, ro-
tational flaps and submerged grafts provide more in-
crease than advanced flaps and membrane tech-
niques. Connective tissue grafts combined with co-
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ronally positioned flap show somewhat lower
increase in gingival height than envelope pro-
cedures.

When partially submerged grafts are used, a gingi-
val groove is often formed between the coronal bor-
der of the flap and the epithelial band of the graft
(Fig. 20). This tends to affect the aesthetic result.
Histologically, deep epithelial projections are found
at the junction between the gingival flap and the
transplanted connective tissue (76) (Fig. 21). Thus,
when increased gingival height is not required, the
epithelial collar of the connective tissue should be
excised, and the graft completely covered by the flap.
However, a ‘‘surgical cyst’’ has been reported 15
months post-surgery following this technique (22).
Care must be taken to completely remove the epi-
thelial collar of the graft. Hurtzeler & Weng have de-
scribed a surgical approach at the donor site, which
does not include harvesting the epithelial border of
the graft (55) (Fig. 22).

Increased gingival thickness is observed with sub-
merged connective tissue grafts (49) and can poss-
ibly be doubled (71). An increase in gingival thick-
ness may be advantageous at sites with subgingival
restorations (119). Deep cervical abrasions should
also be considered. Connective tissue grafts may be
best suited to avoid the collapse of the flap onto the

Fig. 21. Twelve-month biopsy of a subepithelial connective
tissue graft. A long epithelial projection into the connec-
tive tissue marks the border between the flap (bottom)
and the graft (top). Hematoxylin and eosin. Original
magnification ¿110. Laboratoire de Recherche UPRES-A
7052 CNRS.
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Fig. 22. Schematic drawing illustrating the surgical pro-
cedure at the donor site. In this case, the graft is removed
without the epithelial collar.

root surface, and to provide better restoration of the
soft tissue morphology.

Laterally positioned flaps can be proposed to in-
crease the gingival height for root coverage of iso-
lated recessions when neighbouring gingiva is suf-
ficient. In situations where an increase of gingival
height and thickness is desirable, submerged grafts
are preferred (49, 125).

Residual depth of the vestibule

The distance between the base of the recession and
the bottom of the vestibule has not yet been debated
in the literature. Excessive coronal positioning of the
mucogingival line as a consequence of coronally po-
sitioned flap may, in a shallow residual depth, impair
the aesthetic results, even if long-term studies indi-
cate that the mucogingival line tends to regain its
initial position over time (1, 83). Furthermore, co-
ronal traction of the covering soft tissues may dis-
rupt the wound during the healing phase. Sub-
merged grafts without coronal positioning, as de-
scribed by Raetzke (86), are to be preferred. This
envelope technique gives less traction and provides
increased gingival height (Fig. 23).

Additive treatments

From an aesthetic viewpoint, the histological out-
come of root coverage techniques might appear to
be of little importance. However, lack of bone sup-
port is a major risk factor in the causation of gingival
recession. Thus, regenerative techniques aimed at
restoring a new functional attachment apparatus
with formation of cementum, periodontal ligament
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and alveolar bone seem advantageous, even if this
possibility has not as yet been demonstrated in
humans.

Root surface modification agents

Animal and clinical studies have failed to demon-
strate that root surface modification agents improve
the mean percentage of root coverage (5, 30). How-
ever, recent clinical studies still use root surface con-
ditioning (20, 48, 49, 58, 72, 116). As demonstrated
by our compilation of data, few prospective com-
parative studies have explored the clinical effect of
decalcifying agents (Table 10). The lack of difference
between groups can also be interpreted as an in-
ability of root surface modification agents to induce
a clinical effect, which would reach statistical sig-
nificance. However, the use of citric acid or tetracy-
cline hydrochloride may be justified as a means to
remove the instrumentation smear layer.

Enamel matrix proteins

Histological findings indicate that the application of
enamel matrix proteins in treatment of recession-
type defects may result in the formation of a new
attachment apparatus (43, 94). A 6-month case series
indicates mean recession coverage of 81% following
the use of enamel matrix proteins in conjunction
with a coronally positioned flap (52). These results
need to be confirmed by further studies.

Guided tissue regeneration

It appears that resorbable membranes should be
used for guided tissue regeneration, since the clinical
outcome is similar to that following nonresorbable
membranes (Table 1), and a second surgical pro-
cedure for membrane removal is not needed.

However, over the years it has become our im-
pression that it is questionable whether membrane
techniques offer any benefits over submerged grafts,
which overall seem more preferable and can be used
in all situations considered for membrane methods.
A number of reasons can be advocated.

O The mean percentages of root coverage and teeth
with complete root coverage indicate more favor-
able results with submerged graft techniques
(Tables 1, 2).

O When membranes are used, infection risk during
the healing period is high (97). Adverse side ef-
fects as foreign body reaction have recently been
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Fig. 23. A. Deep-narrow recession defect on a rotated and
prominently positioned incisor (Miller Class III). The re-
sidual depth of the vestibule is shallow. Patient is informed
that the recession cannot be covered with a one-stage pro-
cedure. B. An appropriately sized wedge of connective
tissue is removed from the palate. C. Horizontal incisions
have been made. The recipient bed has been prepared by
careful dissection of the flap, apical and lateral to the de-
fect. The graft is secured over the recession area. D. The
graft is not completely immersed beneath the flap. E. Three
months post-surgery. F. A second procedure is carried out
according to the envelope technique. The epithelial collar
of the graft is not excised. G. 74 days following second
surgery. Patient is satisfied with the result. However, the de-
fect is not completely covered. Some coronal ‘‘creeping’’
may be expected over time. This case illustrates the diffi-
culty in fulfilling professional evaluation factors for aes-
thetic outcome in deep Class III recession defects.
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reported (103). Frequent postoperative examina-
tions and antibiotic regimens increase patient dis-
comfort.

O Complications, when they occur, are more diffi-
cult to correct following guided tissue regenera-
tion. The bioabsorption process of the material
during the healing phase makes it impossible to
remove resorbable membranes. Consequently,
postoperative infections mostly turn into dra-
matic aesthetic outcomes, leading to additional
corrective procedures.

O Membrane techniques appear to be sensitive to
the thickness of the covering tissues. The mean
residual recession has been found to be three
times higher when nonresorbable membranes are
used in a thin soft tissue area (ÆΩ1 mm) than
when tissues are thick (7). A significant difference
between the use of absorbable membrane and
connective tissue grafts has been reported in
mean root coverage whith thin overlying tissues:
26.7% and 95.9%, respectively (48).

O Submerged graft may allow lower fees.

Long-term follow-ups after submerged grafts and
other nonmembrane procedures show stability of
initial results (66, 78, 83, 91). We feel that this cir-
cumstance, together with the lack of data to demon-
strate enhanced new attachment following guided
tissue regeneration, provide no preference for mem-
brane techniques. Thus, from a clinical perspective,
even if tissue match following guided tissue re-
generation is good, nonmembrane techniques are
our preference for root coverage in aesthetics. Never-
theless, the possibility of enhanced formation of new
bone following use of membranes should be kept in
mind.

Concluding remarks

This chapter has emphasized that, in aesthetics, the
selection of surgical techniques for root coverage
should not only consider the results evaluated by
millimeter and percentage data. Clinical trials
should include methods for patient’s own evaluation
as well as professional evaluation of the overall aes-
thetic outcome.

In decision-making, evaluation of general patient
characteristics and evaluation of various aspects of
the anatomy at the individual defect site need to be
considered.

New procedures should be developed to improve
complete root coverage in Class I and Class II re-
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cession defects. They should be simplified to ensure
a wider reproducibility and to decrease the cost–
benefit ratio. Progress in the creation of gingival pap-
illae in Class III and Class IV recession defects is de-
sirable.

Further research is needed to evaluate the influ-
ence of soft and hard tissue attachment to the root
on the stability of the results.
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