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Modern endodontic surgery involves both root-end
preparation and proper sealing of all apical portals
of exit. Both components are requirements for me-
chanical and biological success, but the manage-
ment of soft tissues becomes increasingly impor-
tant for an esthetically successful treatment. A
healthy appearance of soft tissues plays an impor-
tant role in the esthetic outcome of periradicular
surgery. This is true considering maintenance of
attachment levels and regarding the amount of
possible recession after surgical procedures.
Complete, recession-free and predictable healing
of gingival tissue is one important goal of endodon-
tic surgical treatment. A critical review of currently
used techniques based on clinical and scientific
data reveals great potential for improvements.
Possible reasons for scar formation and recession
specifically in healthy periodontal conditions re-
quiring surgical endodontic intervention are high-
lighted. Based on anatomical considerations
various incision types are evaluated and recom-
mendations made. Clear understanding of wound
closure and tissue-healing patterns call for the use
of atraumatic procedures, nonirritating suture ma-
terials and adequate suturing techniques. This ar-
ticle gives an overview and guidance for integrat-
ing current and new successful flap designs and
wound closure methods. The methods described
have the intention of maintaining the attachment
level and avoiding postoperative recession after
surgical endodontic therapy.

Endodontic failures that do not respond to conventional root canal
retreatment require surgical treatment (1, 2). The prime objective
of surgical treatment is the same as in conventional root canal
therapy, which is to provide conditions such that healing and repair
of the periradicular tissue can take place. These conditions include
removal of necrotic tissue and tissue breakdown products from the
apical part of the root canal system, elimination of bacterial or-

ganisms persisting in the root canal system and removing the root
tip. A fluid-tight seal of the apical part of the root canal with a
material that is biologically compatible is created (3). Several
studies have identified factors that influence the prognosis of
endodontic surgery (4–11). According to Friedman (12) they can
be divided into preoperative-, operative-, and postoperative factors.
Success rates vary between 25% and 98% depending on the study
(13, 14). The assessment of success and failure after endodontic
surgery is mostly based on clinical and radiographic criteria of
healing of the periradicular tissues (15, 16). In the literature, the
contributing factor of present periodontal conditions in relation to
the postoperative success of apical surgery has not been considered
extensively. In a study by Jansson and coworkers (17), a persisting
endodontic infection has been shown to be a contributing risk
factor for progressing marginal attachment loss after periradicular
surgery. In the long-term perspective, periodontal healing in teeth
with root canal infection, evident as periradicular radiolucency,
may result in retarded or impaired healing after periodontal therapy
(18). On the other hand, before endodontic surgery is undertaken,
the periodontium should be treated in cases where periodontitis is
present (4, 12, 17, 19–21).

The ultimate goal in modern dentistry, after pathologic pro-
cesses have been eradicated, is to achieve “white” and “pink”
esthetics in obviously visible areas (22). “White esthetics” refers to
the natural dentition or tooth-colored restoration of dental hard
tissues with suitable materials. This notion has reached a very high
level of importance (23). “Pink esthetics” refers to the surrounding
soft tissues and ultimately the underlying bone, which are equally
important for an esthetic result. Treatment of these tissues with
adequate surgical and reconstructive techniques and maintenance
of the results are a challenge in modern esthetic dentistry and the
primary objective of preservation of the dentition is no longer
acceptable without consideration of esthetic consequences (24).
For many years, periodontal surgery has been associated with
creating esthetic problems, but it should be understood that peri-
odontal disease itself is disfiguring and that great care must be
exercised during surgery to minimize the unaesthetic impact of
therapy. The term “periodontal plastic surgery,” first suggested by
Miller (25), was defined in a consensus report as surgical proce-
dures performed to prevent or correct anatomical, development,
traumatic or plaque disease-induced defects of gingiva, alveolar
mucosa, or bone (26, 27). Furthermore, periodontal microsurgery
was introduced, which is defined as refinements in existing basic
surgical techniques that are made possible by the use of the
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surgical microscope and microsurgical instruments (28). Improve-
ments in flap design and soft tissue manipulation are considered
key elements in improving the outcomes of regenerative periodon-
tal surgery. Improved visual perception and better soft tissue han-
dling hold great promise to further improve predictability of peri-
odontal treatment (29). The same basic microsurgical principles
apply to endodontic surgical interventions (30, 31).

ANATOMY

Gingival tissue comprises epithelial and connective tissue, the
latter consisting to about 55 to 60% of supragingival fibers, which
attach gingiva to teeth and provide the basis for its firmness and
biomechanical resistance during mastication (32). The gingival
tissue reaches from papilla to mucogingival junction where it joins
the alveolar mucosa and attaches to teeth and to the alveolar
process (22, 32). The height of the gingiva from the mucogingival
junction to the gingival margin is highest on the labial aspect of
maxillary incisors (33). The gingival tissue between two adjacent
teeth, the papilla, was considered roughly pyramidal and triangular
in shape (34). The embrasure contour and the anatomy of its
adjacent teeth determine the shape of a papilla (32, 35–37). The
papilla has a lingual and a buccal peak, joined by a concave col (22,
35, 36, 38). It contains both nonkeratinized sulcular and col epi-
thelium as well as keratinized oral epithelium (32, 35, 36). The col
area consists of squamous stratified nonkeratinized epithelium. In
mesio-distal direction, the midsection of the col slopes towards
each tooth. On these slopes, the epithelium gradually changes its
appearance toward the characteristics of the epithelial cuff (epi-
thelial attachment). The width of the col between the buccal and
lingual papilla and the depth of concavity in the col area increases
gradually from the anterior to the posterior teeth (36).

The presence or absence of the interdental papilla depends upon
the distance between the contact point and the crest of bone (37).
When the distance from the contact point to the bone was 5 mm or
less, the papilla was present almost 100% of the time. With a
distance of 6 mm, the papilla was present 56% of the time, and
when the distance measured 7 mm or more, the papilla was present
27% of the time or less. Holmes (38) excised interdental papillae
in sixteen dental students, one from the anterior and one from the
posterior area of each student. From 32 specimens, 22 papillae did
not regenerate to their original shape and height. The regenerated
papillae appeared flatter, did not fill the embrasure as completely
as before excision and the cols were less concave.

An important anatomical consideration during endodontic sur-
gery is the course of blood vessels supplying alveolar mucosa and
gingiva. Four interconnected pathways of blood supply exist: The
subepithelial capillaries of the gingiva and alveolar mucosa, the
vascular network within the periosteum, the intraseptal arteries in
the bone marrow and the plexus of the periodontium. The perios-
teal and the periodontal plexus communicate directly via Volk-
mann’s canals without participation of the vessels of the bone
marrow, thus unified histological responses to surgical wounding
are observed (39) (Fig. 1). The gingiva and periosteum are blood-
supplied mainly through supraperiosteal vessels, which run
roughly parallel to the teeth’s long axis, branch and subdivide in
the lamina propria of the gingiva and form the vascular network on
the periosteum (39–41). To a lesser degree, rami perforantes of the
intraseptal arteries penetrating the interdental bone and the peri-
odontal ligament vessels supply the gingiva with blood, the vessels
finally ending in loops in the tips of the connective tissue papillae,

termed the gingival plexus (22, 31, 32, 42–44). The multiple
interconnections between different plexus through numerous anas-
tomoses and collateral pathways of circulation establish adequate
blood supply, if single vessels are severed surgically (39–41, 43,
44). Mörmann and Ciancio (45) studied the effect of various types
of surgical procedures on the gingival capillary blood circulation
by means of fluorescein angiography. The circulation changes
observed suggested that flaps receive their major blood supply
from their apical aspect, but interestingly not exclusively. Short
and long full thickness flaps in clinically healthy gingiva revealed
that, functionally, orientation of blood supply was mainly from the
vestibule to the gingival margin (Fig. 2). On the other hand,
internal beveled incisions severed the anastomosis between gingi-
val and periodontal vasculature and between gingival and inter-
dental vasculature. Angiographically, separations from either vas-

FIG 1. Collateral circulation through blood vessels communicating
between the periodontal plexus and the periosteal plexus. Reprinted
with permission from (39).

FIG 2. Difference in circulation disturbance in a short full thickness
flap (SF) versus a long full thickness flap (LF) as shown by fluores-
cein angiography. (A–D) Indicated the distances from the cemento-
enamel junction. Reprinted with permission from (45).
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culature showed no effect on blood circulation within free and
alveolar gingiva. When flaps were raised the greater the ratio of
flap length to base, the greater was the amount of circulatory
disturbance. Flap perfusion was maintained up to the point, where
the ratio of length to width of the parallel pedicle flap equaled 2:1.

ACCESSING THE APICAL PATHOLOGY

The outcome of any surgical procedure depends among other
factors upon the extent to which an adequate access is possible.
Endodontic surgery first requires exposure of the bone overlaying
the tip of the root(s) and then revealing the root end(s) per se (Fig.
3). To access the bone, a full thickness flap must be raised. This
comprises a soft tissue flap, which consists of gingival and muco-
sal tissue as well as periosteum. To mobilize the flap various
modes of incisions can be selected including horizontal incisions,
sulcular and submarginal, and vertical releasing incisions. The flap
can be in its entirety a full thickness flap or a combination of a full
and a split thickness flap.

Certain basic principles must be considered before deciding on the
type of incision and flap design: Firstly, regional anatomical structures
such as the location and the path of the blood vessels and nerves
should be evaluated, protected and preserved during the surgical
procedure. Recognition of the position of the root within the mandible
or the maxilla, its inclination and thickness of the bone between the
surface and root structure is important. Furthermore, periodontal con-
ditions play an essential role in the decision making process. Probing
depth, attachment loss, recessions and signs of periodontal inflamma-
tion in terms of bleeding on probing should be evaluated presurgically.
The width of the attached gingiva and the location of the mucogin-
gival junction are measured. In addition, presence, type and quality of
restorations in special reference to the position of the restoration
margin to the gingiva need to be determined and are critical to the
esthetic outcome. Moreover, an evaluation of the size and position of
the expected periradicular pathology in relation to the root, neurovas-
cular structures and the sinus has to take place, including assessment
of the local blood supply to the soft tissues in and around the desig-
nated flap area. Clear understanding of the reaction pattern of the
tissues involved and the healing principles after the wound closure are
important.

Quality assurance of endodontic therapy is an important issue
(46) and microsurgical techniques have been applied in endodontic
surgery for several years. They have even become a standard in
postgraduate education in endodontics (47). Many endodontic sur-
gical failures have been directed to poor visibility and ability to
diagnose and treat the minute causes of apical pathology (30). The
microsurgical approach has been purported to improve the prog-
nosis of surgical treatment outcome (48).

In a series of studies our group has investigated soft tissue
healing results after microsurgical endodontic treatment. We as-
sumed that microsurgical treatment would be beneficiary to soft
tissue healing. Based on and in analogy to the periodontal litera-
ture, microsurgical treatment should allow manipulation of the
tissues in a more delicate and less traumatic way when compared
to macrosurgery as it is used up to this point in time (49). The
question was whether improved healing was achievable, when
microsurgical instruments and techniques were applied. Three ar-
eas of interest have been identified as esthetically relevant: The
interdental papilla, the cervical marginal area and the attached
gingival and mucosa. Specifically the shape, dimensions, surface

texture, recession, scar formation, and attachment level were stud-
ied.

FLAP DESIGN

Various flap designs have been discussed in the literature (3, 13,
50, 51). Examples include marginal mucoperiosteal flaps with one
(triangular flap) or two (trapezoidal or rectangular flap) releasing
vertical incisions, submarginal mucoperiosteal flaps with the hor-
izontal incision within the attached gingiva and its modifications
and semilunar flaps.

The wide variety of flap designs reflects the number of variables
to be considered before choosing an appropriate flap. As condi-
tions vary with each individual patient and specific situation, there
will always be a need to select the best flap design for every single
case. The literature is replete with basic rules and recommenda-
tions (52). A brief discussion will review the pros and cons of the
classic flaps.

Triangular Flap

This type of surgical flap comprises a horizontal incision ex-
tending at least one tooth mesially and distally to the involved area
combined with one releasing vertical incision forms a triangular
flap (Fig. 4). Usually, the releasing incision is performed on the
mesial part of the flap. This flap-technique exposes mostly mar-
ginal areas of the tooth in question and does not create enough
access to the apical region. The triangular flap is mainly indicated

FIG 3. (A) Root end resection on an upper lateral incisor. (B) Re-
sected root end with exposed obturation material and a lateral canal
(arrow).

FIG 4. A triangular flap is formed by a mesial vertical and sulcular
incision extending to at least two teeth distal from the releasing
incision. Reprinted with permission from (3).
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for correction of problems in the cervical and mid-root portions,
such as in cases with cervical root resorptions, perforations and in
resections of very short roots. The main advantages of this flap
design are minimal disruption of the blood supply to the mobilized
tissues and easy repositioning of the wound edges. As in all
intrasulcular horizontal incisions, recession may result after the
healing process.

Rectangular and Trapezoidal Flap

Rectangular and trapezoidal flaps are an extension of the trian-
gular flap with a second vertical releasing incision (Fig. 5). Rect-
angular flaps are the most frequently used flaps in endodontic
surgery (3). Both flaps provide excellent access to the apical area.
If required, releasing incision may be extended in apical direction
for tension-free retraction. The difference between the rectangular
and the trapezoidal flap is the degree of divergence of the releasing
incisions. As the blood vessels run mostly parallel to the long axis
of the teeth from the apical to the coronal direction, one consid-
eration is to disrupt the least number of vascular structures. A
vertical incision parallel to the path of the vessels would best
comply with the above statement, thus favoring the rectangular
flap (43, 53). Survival and blood supply of mobilized tissue ap-
peared to be best, when the basis was broader than the proximal
end of the flap. On the other hand, blood supply to the unreflected

tissues was compromised by this approach (43). The longer the
flap length the more important is the ratio between the length and
width of the flap (54). Several authors advocate a length-width
ratio of 2:1 (45, 55). The length-width ratio requirement usually
favors a slightly trapezoidal shape of the flap, or extending the flap
one tooth further mesially or distally. In all instances, converging
releasing incisions must be avoided.

Repositioning and wound closure is easy in trapezoidal and
rectangular flaps. In esthetically critical areas with prosthetic res-
torations involving subgingivally placed crown margins, a postop-
erative sequel can result in recession, leading to esthetically com-
promising exposure of the crown margins.

Submarginal Flap

The most popular submarginal flap is the flap design by Ochsen-
bein and Luebke (56). Two releasing vertical incisions are con-
nected by a scalloped horizontal incision (Fig. 6). The submarginal
flap is only to be used, when there is a broad zone of attached
gingiva with a minimum of 2 mm (57). In addition, the underlying
apical lesion or surgical bony access must not extend to the flap
margins. This flap design has the advantage of leaving the mar-
ginal gingiva untouched and it does not expose any restoration
margins. As crestal bone is not denuded, the risk of attachment loss
is minimized. In rare situations, because of insufficient treatment
planning and poor surgical technique, necrosis of the unreflected
tissue might occur because of deprivation of blood supply to this
area. The recession resulting from such tissue breakdown can have
devastating effects on the esthetic outcome of surgical treatment.
Possible scar tissue formation is another disadvantage of the sub-
marginal flap.

Vreeland and Tidwell modified the submarginal incision (50) by
placing a scalloped horizontal incision 1 to 2 mm below the
gingival margin. An inverse-bevel incision splits the tissue until 1
to 2 mm below the crest of bone, from which point on a full
thickness flap is reflected. After closure, the flap should cover the
area of unreflected split thickness tissue. The authors claim that
less exact replacement of the flap is required when using this
approach. The type of incision described bears a high risk of
postoperative necrosis, as the only blood supply to the unreflected
marginal tissue is derived from the periodontal ligament (39, 45).
In addition, when 4/0 sutures are used, this critical area is further
traumatized. Although the authors claim that scarring is “not much
of a problem” the clinical pictures in the publication clearly dem-
onstrate marked scar tissue formation, typical for submarginal
incisions (50).

Semilunar Flap

Placing either a straight or a curved horizontal incision in the
alveolar mucosa that extends all the way to the bone creates a
semilunar flap. The only advantage of this flap design is the fact
that the marginal tissue remains untouched and thus no recession
will occur. On the other hand, many disadvantages accompany its
use. A semilunar flap will provide only limited access to the
surgical area. Additionally, placement of the incision over the bony
defect means that the wound cannot be closed over sound bone
structure. Furthermore, the content of elastic fibers and muscle
attachments of alveolar mucosa is high, both of which exert pulling
forces on the reapproximated surgical wound margins. Not only is

FIG 5. A rectangular flap comprising two releasing incisions con-
nected by a sulcular horizontal incision. Reprinted with permission
from (3).

FIG 6. A submarginal incision formed by a scalloped horizontal
incision within the attached gingiva and two releasing vertical inci-
sions. Reprinted with permission from (3).
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suturing difficult, but constant tension will be present on the flap,
resulting in poor alignment of wound edges, gap formation, and
insufficient healing. Dehiscence in the incision line will result in
secondary healing and scar formation. Moreover, placement of a
curved, horizontal incision will sever a maximum of blood vessels.
Because of the many drawbacks mentioned a semilunar flap design
is no longer recommended (52).

SURGICAL SITE CLOSURE

After irrigation with saline solution to remove debris, the wound
edges are reapproximated carefully to allow primary intention
healing (52).

Compression of the repositioned flap with a saline-moistened
piece of gauze is necessary to create a thin fibrin layer between
flapped tissue and cortical bone (53, 58, 59). Replacement of a thin
blood clot with parallel fibrin fibers by new fibrous tissue results
in collagen adhesion (58).

SUTURES: TECHNIQUES AND MATERIALS

Sutures are needed to hold the reapproximated flap in place and
to allow healing of the wound by primary intention (49). Acciden-
tal premature loss of sutures leads to delayed healing by secondary
intention (60). Bacterial colonization is an important factor leading
to tissue reactions to intraoral sutures (61–65).

Materials

When comparing histological tissue response of different suture
materials, monofilament sutures (e.g. nylon, gut, steel, and chromic
gut) produced smaller inflammatory reaction than multifilament
materials (e.g. silk, siliconized silk, polyester, teflonized polyester,
cotton, or linen) (61–64). Systemic antibiotics did not alter these
reactions (62). While some materials are no longer recommended
today, fact remains that bacteria invade suture tracks; this phe-
nomenon is most predominant with multifilament materials with
wicking action (61, 66). Accordingly, nonabsorbable silk sutures
are easy to tie and handle but are no longer recommended as they
accumulate plaque, allow rapid bacterial colonization and are un-
comfortable to remove because of ingrowth of tissue (66, 67).
However, some multifilament suture materials seem to inhibit
bacterial transmission (65).

Polyglactin (e.g. Vicryl) sutures are colonized more slowly than
silk and offer the advantage of being absorbable (31). Surgical gut,
polyglactin 910, poliglecaprone, and polidioxanone are absorbable
materials recommended for periodontal surgery (49). Polyglactin
910 (coated Vicryl) is absorbed in 7 to 10 days, has shown very
little inflammatory reaction, that subsided after 3 days (in com-
parison to reactions to polypropylene, silk, or catgut) and good
results with respect to wound infection in skin wounds (68, 69). In
general, monofilament synthetic sutures are least traumatic, allow
less bacterial migration and are the materials of choice (66). Nylon
sutures, e.g. Gore-Tex monofilament sutures or other synthetic
monofilament suture elicited a mild inflammatory tissue response
(66). A polytetrafluorethylene (PTFE) impregnated monofilament
suture has good handling characteristics and less bacterial coloni-
zation (31, 66, 70). If a multilayered flap is used, absorbable suture
materials (e.g. polyglecaprone, polyglactin) are used for inner
layers only and nonabsorbable materials (e.g. polypropylene) for

outer layers and whenever else possible, to minimize inflammation
during the healing process (28, 69).

Microsuturing makes use of fine needles and suture materials.
Round-bodied needles (5/8-circular, 1/2-circular, 3/8-circular) are
used for soft tissues, such as mucosa, but each situation may
require different needle sizes (Fig. 13) (31). Most needles used in
dentistry are 3/8 curvature needles but ophthalmic spatula needles
with 140 degrees curvatures are also recommended (49).

To avoid necrosis of papillae by inserting too much suture
material, # 6–0 to # 8–0 suture sizes are recommended in micro-
surgical techniques, and are mandatory for layered suturing (22,
28, 49). Other authors recommend nonabsorbable monofilament
5-0 sutures (21). Sutures should not act as ligatures and tension
created by sutures should be minimal (45). Tension can be reduced
by using a greater number of sutures and by choosing fine micro-
surgical materials (28).

Techniques

Postoperative gingival recession is a difficult therapeutic di-
lemma that can be a sequel of conventional flap and suturing
techniques (71). Esthetically disappointing results are a major
concern both for the clinician and the patient involved. Suture
materials can cause inflammation and foreign body reactions (66,
72). Some authors recommend using only the minimal amount of
sutures necessary to secure the flap as both the suture and the knot
itself cause inflammation and delay wound healing (52).

The techniques employed include interrupted sutures, anchor
sutures, continuous sling sutures, and vertical mattress sutures
(Fig. 7) (31, 73). While full flaps are best secured using vertical
mattress sutures and anchor sutures, limited flaps are best retained
using interrupted, fine-diameter sutures (74).

Avoiding any thinning of the papillae, even in cases of peri-
odontitis and using internal (vertical) mattress sutures, supports
the interdental papilla in a coronal direction, and results in less
loss of papillary height (67). Partial thickness flaps in very thin
tissue may not provide sufficient blood supply for flap survival
(45). Minimal tension during reapproximation and after suturing
is important to avoid impairment of circulation in a flap (45,

FIG 7. Examples of commonly employed suture techniques. (A)
interrupted suture, (B) anchor suture, (C) sling suture, and (D) vertical
mattress suture Reprinted with permission from (102).
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71). An example of a technique that takes advantage of suture
pulling forces would be the ramp mattress suture, a horizontal
mattress suture that pulls the buccal flap in coronal direction
and the palatal flap in a more apical direction, resulting in a
gingival slope or ramp to the palate (75).

SUTURE REMOVAL

A perisutural epithelial sleeve develops at 3 days and can enrobe
the entire suture track after 7 days (66). An intense inflammatory
response to suture materials and the trauma of suture placement is
visible after 3 days (66). As resealing of epithelium at the wound
margin is evident within 2 days, suture removal can take place after
48 h but should take place no longer than 96 h after placement (53,
59, 74, 76).

CRITICAL REVIEW OF SOFT TISSUE HEALING

The healing capacity of oral tissues is excellent. Only seldom
are there serious postsurgical complications, such as tissue necro-
sis, nerve damage, profound bleeding, or serious infections. When
general basic rules are followed, fair healing of the soft tissues can
be expected. Recession is a frequent sequel to healing after peri-
odontal surgery. Its extent and differences in terms of recession
location have not been studied extensively. The goal of periodontal
surgery is to alter, treat and heal diseased gingival tissues and
crestal bone through a host of invasive measures, thereby removing
selected areas that are not retainable (52, 77, 78). The healing
behavior of tissues, where attachment has been lost, but that are
healthy, has only been studied in recent years, with the develop-
ment of periodontal plastic surgery. This treatment of healthy
periodontal tissue mainly involved restoration of lost attachment
and augmentation procedures (28, 79). The goal has increasingly
shifted, towards restoration of the natural shape, position, color,
and appearance of soft tissues as present before trauma, disease, or
treatment induced changes of the tissues (27, 79).

When a lesion resulting of endodontic pathology develops on a
specific tooth and needs surgical intervention, frequently marginal
soft tissues may be healthy (53). With the aid of contemporary
techniques such as magnification under a microscope, suitable
materials and the use of microinstruments, endodontic surgery has
evolved to microsurgery and will result in a predictably successful
outcome in teeth treated (14, 21, 30, 48).

Healing Process

Healing takes place in several phases that overlap and coexist:
wounding, clotting and inflammation, epithelial healing, connec-
tive tissue healing, proliferation, maturation, and remodeling (53,
59, 78, 80). While a multitude of immune defense mechanisms
exists, and the details of intercellular communication pathways and
interdependent signaling processes during hemostasis and wound
healing are beyond the scope of this article, the main events are
described below. Within 24 h, polymorphonuclear leukocytes and
macrophages start migrating into a blood clot. Stimulated macro-
phages play a central role in angiogenesis and new collagen syn-
thesis (58, 76, 78, 80, 81). Inflammatory and reparative cells
migrate along fibrin strands, followed by capillary buds. The
microvascularization in the flap itself remains patent, providing
nutrition for the mucogingival flap, in concert with contributions

from remaining periosteal, periodontal, and bone microvascular
networks (60). Parallel fibrin strands after wound compression and
a thin hiatus between wound edges accelerate this process (20, 59,
76). Epithelial streaming as a sheet or as fingers is observed after
2 days, eventually resulting in a multilayered seal (74, 82). After
4 days an epithelial barrier has formed (76). Other authors de-
scribed complete epithelial healing in the sulcus at 14 days and
after 28 days the wound healing process was accomplished (59, 60,
83). Healing and reattachment of an elevated flap to cortical bone
is a slower procedure, the periosteum does not survive reflection
(58). Granulation tissue replaces the thin fibrin clot between the
flap and cortical bone after 4 days, and fibrous connective tissue
replaces granulation tissue by 14 days (58). Because of early
epithelial bridging, suture removal is therefore advocated after 2 to
3 days (76). Initial resistance to rupture forces is attributed to
regeneration of epithelial attachment to tooth surfaces (20, 74, 82).
Other authors do not recommend suture removal before 4 days, as
stainable collagen content in granulation tissue, which determines
tensile wound strength, is only present after 3 days (59). While
healing wounds that are subject to small amounts of mechanical
stress, demonstrate an increase in collagen strength and formation,
excessive forces disrupt the neovasculature and collagen fibers and
delay healing (80).

More and more variables of wound healing, including patient
nutritional status, bacterial infection, wound care and available
tissue oxygen, are being researched. Consequently, novel therapies
are evolving, such as growth factor therapy (84). Growth factors
may lead to new strategies in improvement of soft tissue healing,
including skin, mucosa, and nerve tissues (85).

Strategies and Procedures

The choice of flap designs should allow maintenance of optimal
blood perfusion during surgery. This implies using a design where

FIG 8. Vertical releasing incision that creates a compromised tissue
area (arrow). The proximal, unreflected tissue portion will most prob-
ably necrotize because of insufficient blood supply. A dashed line
indicates the desired incision course, beginning in a 90-degree
angle to the gingival marginal.
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vertical releasing incisions run vertical, parallel to the tooth axis
and to supraperiosteal blood vessels in the mucosa and gingiva,
resulting in minimal vascular disruption (30, 31, 43, 45, 53).
Paramedian rather than mid-axial releasing incisions are recom-
mended to minimize recession risks (Fig. 8) (43). Healing is
influenced by flap shrinkage and the resulting difficult reapproxi-
mation with more sutures than usually necessary. This is true in
particular for submarginal flap types. A vertically oriented releas-
ing incision and secondary blood supply from the crestal bone to
papillae and attached gingiva can avoid sloughing of unreflected
tissue (43, 86). Unlike horizontal incisions further apically, an
incision severing the anastomosis between gingival and periodon-
tal vasculature as used in every full mucoperiosteal flap or sulcular
flap showed no effect on the circulation in free and alveolar
gingiva (45). Tissue trauma through stretching, distorting or tear-
ing a flap can be avoided through appropriate magnification and
careful manipulation with microsurgical instruments (72, 79).

After reflecting a mucogingival flap, scaling of root-attached
tissues and tissue tags on cortical bone should be avoided to allow
rapid reattachment and protection against bone resorption (31, 53,
58). Preservation of the papilla in the col area during elevation and
reflection is another key point for healing by primary intention
(76). Careful handling, undermining elevation and retraction using
the groove technique are helpful to avoid unnecessary injuries to
the reflected tissue (21, 30, 52). Keeping the flap moist at all times
helps avoids shrinkage and dehydration (76).

Patient Related Factors

Both the type of tissue involved and the type of surgical wound
determine the healing process (78). Patients with a “thick” tissue
biotype tend to display coronal soft tissue regrowth to the former
level in crown lengthening procedures, whereas patients with a thin
tissue biotype do not (71, 87). Next to thickness and width of the
gingival tissue, the integrity and thickness of underlying bone
plays a role in mucogingival stability (79).

MACROSURGICAL VERSUS MICROSURGICAL
OUTCOME

As stated before, healing results using a macrosurgical approach
are generally regarded as fair. Figure 9 shows a representative
result of flap closure using traditional techniques; in this case, a
trapezoidal mucogingival flap was raised. Wound closure was
accomplished using polyamide 4/0 single knot sutures. The vertical
releasing incisions were closed with three sutures each and the
papilla with a single knot suture. Wound margin adaptation was
considered as sufficient at that time. The healing result after 1 wk
postsurgically displayed acceptable healing without any complica-
tions and was described as good. Figure 10 shows the surgical site
before and directly after suture removal. When the surgical area is
examined more carefully and critically, following observations can
be made: At 7 days, the vertical incision displays complete closure
of the wound edges in the apical part. A discrete tissue indentation
in the entire extent of the vertical incision is clearly distinguish-
able. This indentation becomes more pronounced at the marginal
level and ends in a wound dehiscence, which is esthetically the
most critical area. This comes as no surprise as at the time of
conclusion of the surgery the wound edges in the marginal portion
were not properly reapproximated. The healing process requires
closure of the hiatus between the reflected and the unreflected
tissue with connective tissue and epithelium (76). When adaptation
of the tissue edges is ideal and the tissues are positioned in very
close proximity in the vertical and horizontal dimension to each
other, only few cells need to be generated to bridge the gap. Close
adaptation will expedite wound closure, epithelial cells being the
fastest (see section “Wound Healing”). Healing of the vertical
incision (Fig. 10B) must be judged as by secondary intention,
specifically in the marginal area, resulting in scar tissue formation
and tissue defects. The area of the papilla seems to be well
preserved during the surgical procedure and sutured at its proper
position. However, the most coronal portion of the papilla has
shrunk, resulting in a rounded papilla shape and loss of height.

In another case, a submarginal incision was performed using
microsurgical techniques and instruments. Flap closure was per-

FIG 9. A trapezoidal flap secured with 4/0 sutures. Postoperative
result using traditional macrosurgical techniques and instruments.

FIG 10. Same surgical site as in Fig. 9, 7 days postoperatively. The
clinical situation is shown (A) before and (B) directly after suture
removal. Wound dehiscence visible after suture removal.

FIG 11. Situation of 6/0 sutures after 4 days (A) before and (B) after
removal. The incision is faintly visible, perfectly healed as well as
poorly healed areas and areas with fair healing are evident.
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formed with polyamide 6/0 sutures. At suture removal after 4 days
(Fig. 11) areas with better healing are visible and the incision is
barely recognizable, just adjacent to a poorly healed portion with
a tissue dehiscence and some areas with fair healing. In this clinical
example, there are incision sections with perfect and poor healing
results directly adjoining to each other. As the surgical technique
was the same, and the same types of tissues were manipulated it
must be assumed that the different healing patterns were a conse-
quence of varying degrees of tissue adaptation after the suturing
process. It is obvious in this example that there is potential for
improved healing even after very short periods of time. Wound
closure seems to be quite critical in terms of healing outcome.
Considerable understanding has been generated from research in
mucogingival surgery, specifically in recession coverage and soft
tissue grafting procedures, as well as in general plastic surgery (22,
35, 36, 88).

It has been also pointed out, that if periodontal plastic surgery
is performed, esthetic outcome is often the only important factor
and function becomes secondary for example in recession coverage
or papilla reconstruction (27). Incision design and suturing tech-
nique critically influence the postoperative wound healing process
in terms of blood supply and flap survival (45). If both factors are
not guaranteed, esthetic as well as functional success become
unpredictable (28).

Among other principles (incision and flap design, atraumatic
and gentle tissue management), a passive and tension-free wound
closure is fundamental for proper wound healing and for a suc-
cessful functional and esthetic outcome. In earlier days, the sutur-
ing process was solely regarded as bringing the wound edges
together and keeping them in this position until body has healed the
defect. It was customary to leave the sutures in place for 7 to 10
days and the clinical findings seemed to confirm this protocol. In
an animal experiment the papilla suture was simulated with a

needle corresponding to a 4/0 suture (Fig. 12A). The same area was
photographed with a magnification of 4! (Fig. 12B). It is obvious
that already the needle tract penetrating through the tissue almost
dissects the papilla in half. This generates a large defect, which
might compromise tissue survival. Changing the size of the suture
material and accordingly the size of the needle as in microsuturing,
it is evident in Fig. 13 that this is much less traumatic. In the same
animal experiment excessive suture pulling forces on the two tissue
parts resulted in crushing and further trauma to the wound. The
scanning electron microphotograph (SEM, Fig. 14A) illustrates the
amount of tissue damage inflicted. Note the highly wrinkled and
squeezed tissue beneath the suture. If a suture is applied in such a
traumatic way, the healing process will have to repair additional
and considerable damage induced by both the size and excessive
tightness of the suture. It is of no surprise that healing will take
longer and will result in esthetically unpleasant healing patterns.
Figure 14B (SEM) displays how even minute tissue misalignment
of the wound edges may delay wound healing. In the center of the
picture, there is a small vertical discrepancy in alignment of the
tissues. This translates to a larger distance for the cells to cover, as
compared to the area on the left, where both wound edges touch
each other closely. In addition, note small wrinkles in the upper
tissue portion, which led to tearing of the tissues at the point of the
needle penetration. Perfect adaptation and atraumatic tissue han-
dling will allow improved healing results (Fig. 15).

Papilla Preservation/Protection

The interdental papilla, the portion of the gingiva between two
adjacent teeth, is critical for functional, phonetic and esthetic
reasons. Complete and predictable restoration of lost interdental
papillae is one of the biggest challenges in periodontal reconstruc-
tive surgery (22). Therefore, it is imperative to maintain the integ-
rity of the papilla during surgical procedures. Most frequently, a

FIG 12. Animal model using 4/0 sutures (A) and the same area in 4!
magnification (B). Overly traumatic needle tract as needle pene-
trates through the papilla.

FIG 13. Same model as in Fig. 12, showing a 7/0 and 8/0 microsu-
ture.

FIG 14. Scanning electron microphotographs in 30! magnification.
(A) Reveals tissue tension because of excessive suture pulling
forces. (B) Displays a small vertical discrepancy in alignment of the
tissues adjacent an area on the left, where both wound edges are
positioned more closely.

FIG 15. A microsutured surgical tissue area viewed directly postop-
eratively (A) and after 4 days just before suture removal (B). Close
adaptation of the wound margins and atraumatic tissue handling
allow superior healing patterns.
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sulcular full thickness flap is used in periradicular surgery. In this
flap technique the buccal papilla is mobilized and becomes part of
the flap (89). Ideally, the sulcular incision should dissect the buccal
from the lingual papilla. In narrow interproximal spaces, complete
mobilization of the papilla is often difficult and may cause tissue
loss. Shrinkage of the papilla during the healing phase can occur,
and may initiate the ultimate loss of papilla height. Zimmermann
and coworkers (90), in a preliminary study, investigated the shrink-
age of papillae after sulcular flaps in patients with healthy peri-
odontal tissues. The reduction of papillary height increased grad-
ually during healing. Immediately postoperatively papilla height
loss because of surgical manipulation resulted in a recession rang-
ing from 1 quarter (n " 14) to one-quarter to one-half (n " 3) of
the original height. At suture removal, six sites had a loss of height
of up to one-half the original position. None of the 17 sites
remained at preoperative levels at any time.

A quantitative study analyzed recession of the interdental pa-
pilla in periodontally healthy situations after apical surgery using
sulcular flap incisions (91). All experimental sites exhibited a
significant loss of papilla height at 1 month (p # 0.003) and 3
months (p # 0.004). Main loss of papilla height occurred between
baseline and the 1-month recall situation ($1.1 % 0.8 mm), while
a small but significant further loss occurred between the one and
3-month recall appointment (p # 0.05, 0.2 % 0.3 mm). At 3
months retractions increased in 10 sites, while in three sites the loss
had diminished compared to the value after 1 month. These results
suggest that the conventional sulcular flap results in considerable
retraction of papilla height after 1 month and 3 months postsurgi-
cally.

The issue of papilla preservation has been largely addressed in
periodontal therapy. In anterior periodontal surgery, a papillary
retention procedure is advocated to maintain papillary height to
maximize postoperative esthetics (67, 92). Cortellini and cowork-
ers (93, 94) suggested a modification of the papilla preservation
technique, which allows primary closure of the interdental space
over a bioabsorbable membrane. A horizontal incision is per-
formed at the base of the papilla. The papilla is subsequently
elevated to the buccal side. After coronal repositioning of the
buccal flap over the membrane, the interproximal area is covered
with the papilla, which is attached to the buccal flap. Primary
closure over the membrane was obtained in all treated sites using
the modified preservation technique. Probing attachment level
gains and pocket depth reduction were observed after one year
when using this technique.

In endodontic surgical access, Lubow et al. (51) suggested an
alternative to classical full thickness flaps with the mobilization of
the papilla. In the technique described, the flap involved full
thickness dissection with easily recognizable landmarks and
straight-line incisions. A beveled horizontal incision was designed
to incorporate the maximum amount of facial keratinized tissue
into the body of the flap, while leaving the interproximal tissue
untouched. Healing was described as rapid and with excellent
esthetic results.

Preservation of the papilla in periodontal therapy is an accepted
procedure as described by several authors in the literature (29, 92,
95). Straight-line incisions during endodontic surgery, without
mobilization or inclusion of the papilla into the buccal flap, lead to
a clear indentation line where the incision was placed. Figure 16
represents a clinical example of such an incision. The same type of
result is also visible in the publication by Lubow et al. (51). This
result was described as esthetically excellent, while in today’s
critical and microscope-enhanced judgment it is no longer consid-

ered as such. A further, nevertheless important factor is the loca-
tion and microconfiguration of the flapped and unreflected tissue in
vertical incisions. In the cross-sectional diagram (Fig. 17), the red
line represents a paramarginal, single straight incision directed to
the crestal bone. The pointed tissue ending will necrotize at its very
end, creating a small, but visible defect and a recession. This type
of incision is simple to perform, but will result in a poor healing
result. It is evident in the drawing that the mobilized tissue has a
sharp edge at the coronal end of the flap. The tissue margin
comprises unsupported epithelial cells without the epithelial base
cells, which are responsible for formation of a multilayered seal of
epithelial cells. The connective tissue at the proximal end of the
flap forms a sharp and thin edge, which is not sufficiently vascu-

FIG 16. A single straight horizontal incision as seen in Fig. 17 (red
line). A marked indentation line indicates an insufficient incision
placement.

FIG 17. Schematic drawing with a red line representing a single
straight incision directed to the crestal bone. The green line repre-
sents the papilla base incision with a shallow incision placed at the
level of the lower third of the papilla in a slight curved line connecting
one side of the papilla to the other. In a second step, the scalpel is
placed to the base of the previously created incision inclined api-
cally, almost parallel to the long axis of the tooth and directed
towards the crestal bone margin.
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larized for survival. The healing process will result in localized
necrosis with a small tissue defect, visible as a clearly detectable
indentation (Fig. 16).

Consequently, the incision line should begin in a 90-degree
angle to the outer contour of the marginal gingiva as shown and
marked with a green line in Fig. 17. This rule applies to any type
of incision, to avoid thinning out of tissues and allowing sufficient
blood supply to reach the area, promoting better healing.

The importance of proper incision and surgical technique in
obtaining recession-free and esthetically improved healing was
pointed out by a recent clinical study on the papilla base flap (96).
A papilla base flap consists of two vertical releasing incisions,
connected by a papilla base incision and an intrasulcular incision.
The marginal incision commences by the preparation of the papilla
base using a microsurgical blade. The size of the blade should not
exceed 2.5 mm in width. Suitable shapes are blades with rounded
end (BB 369, Aesculap, Tuttlingen, Germany) or standard 15C
blades (Fig. 18). The crucial point is controlled movement of the
scalpel blade within the small dimensions of the interproximal
space.

The papilla base incision requires two different incisions at the
base of the papilla. The first shallow incision separates epithelium
on the surface of the gingiva and connective tissue up to a depth of
1.5 mm. The incision is placed at the level of the lower third of the
papilla in a slightly curved line, connecting one side of the papilla
to the other (Fig. 19). The incision begins and ends in a 90-degree
angle to the tooth and gingiva (see lines in Fig. 17). This shallow
incision prevents thinning of the coronal aspect of the flap.

In the second step, the scalpel is placed to the base of the
previously created incision and subsequently inclined apically,
almost parallel to the long axis of the tooth, directed towards the

crestal bone margin. With this second incision, a split thickness
flap is prepared in the apical third of the base of the papilla. The
incision terminates at crestal bone level, and separates the perios-
teum from the bone (Fig. 17). From this level on the preparation
continues as a full thickness mucoperiosteal flap (Fig. 20).

While the papilla base incision (PBI) is challenging to perform,
its use can lead to predictable results. Firstly, atraumatic handling
of the soft tissues is mandatory to obtain good results. Secondly,
two different incisions are needed for good healing and to avoid

FIG 18. Comparison of different sizes of scalpel blades. Top is the
regular blade size #15, middle blade represents the smaller #15C
and bottom shows the microblade with double sided cutting edges.

FIG 19. The line of incision horizontally connects one side of the
papilla to the other in a curved line. Reprinted with permission from
(96).

FIG 20. Reflected full thickness mucoperiosteal flap after a papilla
base incision. Reprinted with permission from (96).
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excessive scar formation or an indentation at the site of the inci-
sion. The key point of the PBI is to avoid thinning of the split flap.
The epithelium of the partial thickness portion of the flap needs
support by underlying connective tissue, which has to be thick
enough to maintain vitality through sufficient blood supply. If this
goal cannot be obtained, the tissue will necrotize, resulting in a
tissue defect, followed by scar formation. On the other hand,
excessive thickness of the connective tissue layer of the split flap
portion could compromise the survival of the unreflected buccal
papilla. The ideal thickness of a partial thickness flap is unknown.
Epithelium thickness varies between 111 to 619 !m with a mean
of 364 !m (97). The recommended thickness of free gingival grafts
was reported to be 1 to 2 mm (98, 99). Based on gingival graft
studies a thickness of 1 to 1.5 mm was chosen for the split flap in
PBI. The selected thickness resulted in excellent healing patterns.

As mentioned previously, flap closure using atraumatic and
tension free sutures is a key factor to improved healing. The correct
size of the needle and appropriate suture thickness are equally
critical. Depending on the incision site, the following materials
have been used: Vertical incisions should be sutured with 6/0
sutures, because of close proximity to inserting muscles in the
mucosa, which might exert some tension to the wound during
mastication and speech. As nylon monofilament materials are
somewhat stiff in size 6/0, softer material, such as polyamide
(Supramid®) was preferred. This material is a multifilament su-
ture, with a coating providing monofilamentous appearance with a
smooth surface.

For closure of the horizontal incision and the delicate area of the
papillae, we recommend polypropylene interrupted sutures with a
size of 7/0 or smaller (Fig. 21). As the wound edges should be
perfectly adapted to each other, depending on the dimensions of
the papilla two or three interrupted sutures are needed.

Suture removal performed after 3 to 5 days promoted rapid
healing. The critical area for suture removal after 2 to 3 days is the
apical portion of the vertical releasing incision—the mucosal
wound, in particular in the region with muscle tension, which
might require 24 to 48 h longer to initiate healing (59, 76, 78).

The evaluation of healing patterns of the papilla base incisions
after 3 months revealed mainly completely undetectable or only
partially detectable incision lines and generally demonstrated ex-
cellent healing. None of the operated sites displayed any measur-
able loss of papilla height, or other complications (96).

Another study analyzed degrees of papilla shrinkage, when
papilla base flaps and sulcular full-thickness flaps were raised
(100). The comparison revealed significant loss of papilla height,
when the papilla was mobilized during the surgical procedure. In
contrary, the papilla base incision resulted in rapid and predictable
recession-free healing. To avoid opening of the interproximal
space in esthetically relevant areas, the use of the PBI was recom-
mended for periradicular surgical procedures. A further study
(101) investigated surgical outcomes concerning main vertical loss
of height during 12 months. After three months, only minor ver-
tical changes took place; in nine out of 12 sites, increases in
recession depth were observed, while in three sites a small gain of
papilla height occurred, compared to the 1-month situation. At 12
months two sites exhibited further recession, the remaining sites
showed a certain degree of tissue “creeping.” However, the ob-
served gain of the papilla height was not significant, when com-
pared to short-term observation periods and the preoperative situ-
ation. In cases of full thickness flap elevation, mean papilla loss of
height after 1 yr was 0.98 mm (Fig. 22).

In contrast to full mobilization of the papilla, the PBI resulted in
significantly lower (p # 0.001) recession depths of only 0.07 %
0.09 mm at 1 month, 0.10 % 0.15 mm at three months and
$0.062 % 0.21 mm after one year.

CONCLUSIONS

The introduction of microsurgery to surgical endodontics at-
tempted to minimize trauma and enhance surgical results. In com-
bination with magnification and illumination, resected roots reveal
intricate anatomical details. In conjunction with ultrasonic root-end
preparation and tight sealing of the root end cavity, the require-
ments for mechanical and biological success are more adequately
fulfilled. Although application of basic rules leads to fair soft tissue
healing after endodontic surgery, there is a great potential for
improvements in postsurgical esthetic outcome. As in other dental
fields, “pink esthetics” of oral soft tissues become increasingly
important and efforts are made to minimize scar formation and
recessions after surgical procedures. This is even more the case
when larger restorations are present and healthy periodontal tissues
are reflected as access flaps for periradicular surgeries. Microsur-
gery alone will not accelerate epithelial healing rates, but through
perfect tissue adaptation of wound edges, it can create smaller
distances for epithelial migration during the healing process. More

FIG 21. Size 7/0 polypropylene sutures. The clinical situation (A) at
the conclusion of the surgery and (B) directly after suture removal at
4 days. Reprinted with permission from (96).

FIG 22. Clinical example of endodontic microsurgery. The preoper-
ative situation, the status presenting immediately postoperatively
and the result after 1, 3, and 12 months. Reprinted with permission
from (101).
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rapid soft tissue healing is a result of reduced tissue trauma and
enhanced wound closure during microsurgical procedures.

To achieve these goals several measures are necessary, includ-
ing accurate preoperative treatment planning in reference to the
condition and quality of the tissue to be manipulated. Minimal
trauma should be inflicted during incision and raising of the flap.
Both the flap and unreflected tissue remaining on the tooth surface
should be kept moist during the entire procedure, especially in
situations where excellent hemostasis can be achieved. Finally,
sensitive handling of the soft tissues during suturing is mandatory,
with wound edges being reapproximated without tension and held
in place with nonabsorbable atraumatic sutures. The flap design
plays an important role as to how much recession will occur
postoperatively. Papilla base flaps have allowed virtually recession
free healing after endodontic surgery.
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