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Comparative Study of Two Root
Coverage Procedures: A 24-Month
Follow-Up Multicenter Study
Ofer Moses,* Zvi Artzi,* Anton Sculean,† Haim Tal,* Avital Kozlovsky,*
Georgios E. Romanos,‡ and Carlos E. Nemcovsky*§

Background: Treatment alternatives to cover exposed root
surfaces include free grafts, pedicle flaps, and barrier mem-
branes. This 24-month follow-up study clinically evaluated
the long-term effect of a coronally advanced flap procedure
with the additional use of enamel matrix derivative (EMD) to
treat gingival recession versus the subpedicle connective tis-
sue graft (CTG) procedure.

Methods:Miller Class I or II buccal recession-type defects in
the anterior teeth or premolars in 65 patients (28 in EMD and
37 in CTG groups) were treated in several centers. At baseline
and 12 and 24 months post-treatment, vertical recession de-
fect (VRD), height of keratinized tissue (HKT), and probing
depth (PD) were recorded, and the percentage of root cover-
age (PRC) of the original defect was calculated. Student
t test, analysis of variance, and analysis of covariance were
used for statistical analyses.

Results: At 12- and 24-month evaluations, PRC was 73.2%
(SD = 15.58%) and 76.9% (SD = 16.77%) in the EMD group
and 86.8% (SD = 12.48%) and 84.3% (SD = 13.32%) in the
CTG group, respectively (P <0.001). Differences between
groups were statistically significant (P = 0.002). Baseline
HKT was 1.07 mm (SD = 0.66 mm) in the EMD group and
1.65 mm (SD = 0.92 mm) in the CTG group. At 12 and 24
months, values were 1.75 mm (SD = 0.59 mm) and 2.25
mm (SD = 0.52 mm) in the EMD group and 4.24 mm (SD =
0.89 mm) and 4.05 mm (SD = 0.94 mm) in the CTG group, re-
spectively. Differences in HKT were statistically significant
within (EMD: P <0.001; CTG: P = 0.017) and between
(P <0.001) groups.

Conclusions: Both treatments proved clinically successful.
CTG treatment showed a higher percentage of root coverage
and HKT increase. EMD is a valuable, long-term effective
treatment alternative to achieve root coverage together with
an increase in HKT. J Periodontol 2006;77:195-202.
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N
umerous periodontal plastic sur-
gical procedures have been
proposed for the treatment of

gingival recession, including free grafts,
regeneration with use of barrier mem-
branes, and pedicle flaps.1 An additional
surgical site is required for the free graft
procedure, thus causing discomfort to
the patient. The use of free connective
tissue grafts (CTG) to increase the width
of keratinized gingiva was first intro-
duced by Edel in 1975.2,3 This procedure
has shown high degrees of short- and
long-term success in root coverage for
Miller Class I or Class II marginal tissue
recession,4,5 ranging from 80%6,7 to
98.4%.8 Furthermore, the free graft pro-
cedure presents high predictability in root
coverage and excellent esthetic results9

and is considered the standard used to
evaluate other root coverage techniques.
The need for a second surgical site to
procure the donor tissue can be obviated
by the use of an allograft in the form of
acellular dermal matrix.10 However, in a
long-term follow-up of single-tooth gin-
gival recession defects treated with an
acellular dermal matrix, a mean of only
50% root coverage was recorded.11

Barrier membranes have been applied
to obtain root coverage together with
periodontal regeneration.12-19 Results
with these root coverage procedures
vary from 54% to 87% (mean = 74%).20

A long-term study has shown that a
good result of 92.3% in root coverage,
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measured at 6 months, decreased to 58.8% after a
mean follow-up of 25.3 months.21

The coronally advanced flap, a relatively easy tech-
nique that allows acceptable predictable root cover-
age and esthetic results, does not require harvesting
of the tissue grafts from a donor area.22-32 The amount
of root coverage varies from 70% to 99% (mean =
83%).20

Periodontal regeneration has been induced in ex-
perimental human buccal dehiscence defects with
enamel matrix derivative (EMD).33,34 Recently, clinical
studies have shown the possibility of combining EMD
with a coronally positioned flap procedure30-32,35-38 to
achieve coverage together with periodontal regen-
eration of the previously exposed root surface. A re-
cent histologic evaluation of the coronally advanced
flap with EMD has shown new cementum, organizing
PDL fibers, and islands of bone at a certain distance
from the root surface.36 Periodontal regeneration
has been demonstrated following coronally reposi-
tioned flap procedures with the addition of EMD and
not with a similar procedure without the addition of
EMD.38 However, the histologic outcome of combining
a subpedicle CTG with EMD is still not completely
elucidated.39,40

The aim of the present study was to evaluate the
long-term clinical efficacy of a coronally advanced
flap with the addition of EMD for treatment of gingival
recession versus the subpedicle CTG procedure.

MATERIALS AND METHODS

Patients willing to participate in the study signed an in-
formed consent form. The appropriate ethics com-
mittees approved the study. Consecutive patients
were treated in the study centers by seven different
periodontists. All study centers had the same inclu-
sion criteria: teeth with a good occlusal relationship,
free from decay or buccal restorations, no previous
periodontal surgical treatment, and no radiographic
signs of periapical infection. Sites with probing depths
(PD) >3 mm or poor oral hygiene were excluded, as
well as patients with systemic contraindications for
periodontal surgery, under medication for high blood
pressure and/or taking anticoagulants, and heavy
smokers (>10 cigarettes per day). Because no cali-
bration was performed prior to the study, intra- and in-
terexaminer variability cannot be discarded.

For a patient with more than one treated tooth, only
the tooth with the largest gingival recession was con-
sidered for the study. Patients were monitored in oral
hygiene and instructed to achieve satisfactory plaque
control. The treating surgeon randomly decided the
procedure for each patient before baseline measure-
ments were taken. However, no definite criteria were
established for this decision. In the absence of kerati-
nized tissue, a CTG procedure was always performed.

Thus, there were an unequal number of patients in
each group. Treatment at each center was provided
for approximately the same number of patients in both
groups.

Between October 2001 and September 2002, the
study included 65 consecutive patients, referred for
treatment with Miller Class I or II buccal recession-
type defects in the anterior or premolar region, who
were available for the 12- and 24-month follow-up
measurements. The CTG group consisted of 26
females and 11 males, and the EMD group consisted
of 18 females and 10 males, ranging in age from 17 to
59 years (mean = 36.8 years; SD = 9.94 years).

Measurements
The vertical recession defect (VRD), height of kerati-
nized tissue (HKT), and PD were recorded at baseline
(before treatment) (Figs. 1A, 1B, 2A, and 2B) and 12
and 24 months post-surgery. VRD was defined as the
distance between the cemento-enamel junction
(CEJ) and the free gingival margin at the mid-buccal
aspect of the tooth. Where the CEJ was not evident
due to tooth abrasion, its location was estimated. All
measurements were taken from the most apical
enamel present to the gingival margin. The estimated
abraded area was registered and deducted from the
measurement to calculate VRD. Because measure-
ments were taken by the treating periodontist, the
treatment group was known. A millimeter graded peri-
odontal probe, estimated to the nearest 1-mm mark,
was used for all measurements. Therefore, measure-
ment error was in the range of 0.5 to 1.0 mm. Percent-
age of root coverage (PRC) of the original defect was
calculated by the formula: ([VRD baseline -VRD post-
operation]/VRD baseline) · 100.

Results were statistically analyzed using t test,
analysis of variance (ANOVA) with repeated mea-
sures, and analysis of covariance (ANCOVA). Differ-
ences between centers were not statistically analyzed
because of the small sample.

Surgical Procedures
Coronally positioned flap procedures. After local an-
esthesia, root debridement with ultrasonic and hand
instruments was carried out. An intrasulcular incision
was made with a #15 C blade on the buccal aspect of
the involved tooth. The adjacent papillae were only
partially involved to preserve all soft tissue and to
leave the buccal gingival margin of the adjacent teeth
intact. A frenum pull (when present) was eliminated
before surgery. Two oblique releasing incisions were
made from the mesial and distal extremities of the
intrasulcular buccal incision beyond the mucogingi-
val junction. The facial portion of the gingival tissue
that remained attached to the proximal teeth and
proximal to the vertical incisions was deepithelialized
to create a connective tissue surface. The full-thickness
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trapezoidal flap exposed the marginal bone of the de-
hiscence on the root surface ‡3 mm. The exposed root
surface was additionally planed in the most coronal
area using ultrasonic and hand instruments. A hori-
zontal releasing incision was made in the periosteum
at the base of the flap to allow tension-free coronal flap
displacement. The root surface was conditioned with
24% EDTA geli for 2 minutes, copiously rinsed with
running tap water or saline, dried with a gauze sponge,
and EMD¶ applied (Fig. 1C), starting from the most
apical bone level and covering the entire root surface.
The coronally positioned flap was secured coronally
to the level of the CEJ by suturing to the papilla re-
gions and the vertical releasing incisions to the prox-
imal tissues and over the contact points (Fig. 1D)
using either 4/0 undyed, braided, coated polyglycolic
acid suture# or 4/0 polyglactin** 910 suture.

After suturing, another increment of EMD was
placed on the buccal root surface under the advanced
flap by inserting the syringe needle between sutures
through one of the lateral releasing incisions.

Subpedicle CTG procedures. After local anesthe-
sia, the root surface was planed with ultrasonic and
hand instruments. A frenum was eliminated before
the surgical procedure. An intrasulcular incision was
made with a #15 C blade on the buccal aspect of
the involved tooth. Interdental papillae were left un-
touched when possible. Horizontal incisions were
made mesial and distal to the defect at the approxi-
mate level of the CEJ, which terminated ‡1 mm away

Figure 1.
A) Preoperative aspect of maxillary left canine (EMD group). B) Periodontal probe illustrates degree of root exposure. C) Enamel matrix
derivative being applied on denuded root surface. D) Final sutures following EMD procedure. E) 12-month follow-up; note degree of root coverage.
F) 12-month follow-up with periodontal probe; note shallow probing depth. G) 24-month follow-up. H) 24-month follow-up showing shallow
probing depth. (A through H show the same tooth from one patient.)

i Prefgel, Straumann Biologics, Waldenburg, Switzerland.
¶ Straumann Biologics.
# Surgical Specialties, Reading, PA.
** Johnson & Johnson International, Brussels, Belgium.
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from the gingival margin of the proximal teeth to avoid
gingival recession. A trapezoidal flap was delineated
with vertical incisions, starting at the end point, per-
pendicular to the horizontal incisions, and extending
beyond the mucogingival junction. The flap was
raised through sharp dissection as close to the perios-
teum as possible to a level that allowed its free coronal
displacement. A connective tissue graft was procured
from the palate in the premolar and first molar areas
using parallel incisions or the trap door technique.
The graft was trimmed, if necessary, and fixed by su-
turing in the recipient site with either 4/0 to 5/0 un-
dyed, braided, coated polyglycolic acid suture†† or
4/0 polyglactin 910 suture‡‡ bioabsorbable material.
The pedicle flap was sutured over the CTG. Some cor-
onal repositioning was always carried out, but there
was no intent to cover the whole graft. In most cases,
a variable portion of the connective tissue free graft re-
mained uncovered (Fig. 2C).

Postoperative care was similar for both groups: to
refrain from oral hygiene measures on the treated
areas for 10 to 12 days and to avoid excessive muscle
traction and chewing on or trauma to these areas.
Chlorhexidine digluconate mouthwash, 0.12% or
0.2%, was prescribed twice daily during that time. An-
algesics were prescribed when necessary. On days

10 to 12, the remaining sutures were removed, and
the patient was instructed to brush with an extra soft
toothbrush dipped in the chlorhexidine digluconate
mouthwash. There were no complications and all
patients experienced only minor postoperative dis-
comfort. Patients were recalled after 3 months and
subsequently once every 3 to 5 months until the final
examination (at 24 months). During follow-up visits,
patients had a professional supragingival tooth clean-
ing if necessary. Measurements were taken at 12- and
24-month postoperative follow-ups (Figs. 1E through
1H, 2D, and 2E).

RESULTS

In the EMD and CTG groups, the mean age was 36.8
years (SD = 9.94 years) and 38.9 years (SD = 12.68
years), respectively. Differences were not statistically
significant (t test). Preoperatively, VRD and PD were
similar in both groups (differences not significant),
and HKT was significantly different (P = 0.021) be-
tween groups (t test) (Table 1).

No statistically significant interaction between treat-
ment center and outcomes for any of the parameters

Figure 2.
A) Preoperative aspect of mandibular right central incisor (CTG group). B) Periodontal probe illustrates degree of root exposure; note absence of
keratinized mucosa. C) Final sutures following CTG procedure; free connective tissue graft remained partially exposed. D) 12-month follow-up; note
degree of root coverage and increased keratinized tissue width compared to baseline. E) 24-month follow-up. (A through E show the same tooth from
one patient.)

†† Emdogain, Straumann Biologics.
‡‡ Surgical Specialties.
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was found. Therefore, all centers were combined. Re-
sults for nine cases with no baseline keratinized tissue
were statistically similar to the remaining cases in the
same group. Therefore, these were included in the
whole CTG group.

Vertical Recession Defect
At the 12-month follow-up, VRD decreased in the EMD
group from 4.29 mm (SD = 1.10 mm) to 1.18 mm
(SD = 0.72 mm) and in the CTG group from 4.57 mm
(SD = 0.99 mm) to 0.59 mm (SD = 0.55 mm). VRD
further decreased in the EMD group to 1.0 mm (SD =
0.72 mm) at the 24-month follow-up, but slightly in-
creased to 0.7 mm (SD = 0.57 mm) in the CTG group.
Within groups, VRD changes were statistically signif-
icant compared to baseline (P <0.001). However, dif-
ferences were not significant between 12 and 24
months. There was an almost significant interaction
(P = 0.054) between time and groups and a statisti-
cally significant difference between groups
(P <0.001).

Probing Depth
At the EMD sites, PD increased from 1.64 mm (SD =
0.56 mm) at baseline to 1.86 mm (SD = 0.36 mm) at
the 12-month postoperative recording, but decreased
to 1.3 mm (SD = 0.46 mm) at 24 months. In the CTG
group, PD remained nearly the same from baseline
to the 12-month follow-up, but decreased to 1.5 mm
(SD = 0.55 mm) at 24 months. Differences between
groups for the 12- and 24-month recordings were sta-
tistically significant (P <0.001) as analyzed by t test.
ANOVA with repeated measures showed a statisti-
cally significant interaction (P <0.001) between time
and groups. Changes within groups between 12 and
24 months were statistically non-significant.

Height of Keratinized Tissue
A statistically significant (P = 0.021) baseline differ-
ence in HKT was found between treatment groups.
In the EMD group, HKT increased from 1.07 mm
(SD = 0.66 mm) at baseline to 1.75 mm (SD = 0.59
mm) at the 12-month follow-up and 2.25 mm (SD =

0.52 mm) at 24 months. At the CTG sites, HKT in-
creased from 1.65 mm (SD = 0.92 mm) at baseline
to 4.24 mm (SD = 0.89 mm) at the 12-month record-
ing and slightly decreased to 4.05 mm (SD = 0.94
mm) at 24 months. Differences within groups (t test)
between the 12- and 24-month follow-ups were sig-
nificant in both groups (EMD: P <0.001; CTG: P =
0.017). Values in the CTG group were significantly
larger than the EMD group at both follow-ups
(P <0.001). ANCOVA (covariant preoperative HKT)
showed a significant interaction between time and
group (P <0.001). HKT increased between the 12-
and 24-month follow-up with EMD, but CTG values
were more stable.

Percentage of Root Coverage
At the 12-month recording, PRC was 73.2% (SD =
15.58%) in the EMD group and 86.8% (SD = 12.48%)
in the CTG group. Differences between groups (t test)
were statistically significant (P <0.001). At the final
evaluation, PRC increased to 76.9% (SD = 16.77%)
in the EMD group and decreased to 84.3% (SD =
13.32%) in the CTG group. Differences between
groups at 24 months (t test) were not statistically sig-
nificant (P = 0.053). Differences between the 12- and
24-month recordings within groups were not statisti-
cally significant as analyzed with the paired t test.
ANOVA with repeated measures showed a statistically
significant (P = 0.002) difference between groups
for PRC.

DISCUSSION

The present study compared two periodontal plastic
surgical procedures to achieve predictable coverage
of exposed roots due to localized gingival recession.
The subpedicle connective tissue graft procedure
can be considered the gold standard because of its
predictability and esthetic results. The coronally posi-
tioned flap procedure also has good results, is easier to
perform, and avoids a second surgery to procure the
donor tissue, thus reducing patient morbidity. Re-
cently, root coverage using a coronally positioned flap,

Table 1.

Measured Values for VRD, HKT, PD, and PRC

Preoperative 12 Months 24 Months

EMD CTG EMD CTG EMD CTG

VRD (mm) 4.29 – 1.10 4.57 – 0.99 1.18 – 0.72 0.59 – 0.55 1.0 – 0.72 0.7 – 0.57

HKT (mm) 1.07 – 0.66 1.65 – 0.92 1.75 – 0.59 4.24 – 0.89 2.25 – 0.52 4.05 – 0.94

PD (mm) 1.64 – 0.56 1.51 – 0.65 1.86 – 0.36 1.49 – 0.51 1.3 – 0.46 1.5 – 0.55

PRC (%) 73.2 – 15.58 86.8 – 12.48 76.9 – 16.77 84.3 – 13.32
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with or without a subepithelial connective tissue graft,
was compared.41 No significant differences between
the two groups were found, except a statistically signif-
icant increase in HKT where only a graft was used.

Inaprevioussimilar study37 witha6-month follow-up,
root coverage was 77.4% in the EMD group and
84.1% in the CTG group. At 12 months, it was
71.7% and 87.0%, respectively. Differences between
groups were statistically significant. Differences be-
tween the 6- and 12-month vertical recession defect
and percentage of root coverage recordings within
each group were also statistically significant. In the
present study, statistically significant differences in
percentage of vertical root coverage were recorded
between treatment groups. Extent of root coverage
in both groups agrees with previous clinical re-
search.20,30,31,41,42 Between the 12- and 24-month
follow-ups, PRC decreased (2.5%) in the CTG group,
whereas it increased (3.7%) in the EMD group. At
24 months, differences between groups only ap-
proached statistical significance. In a previous study,
a similar ‘‘creeping attachment’’ recorded between
12 and 24 months in the EMD group was shown be-
tween 6 and 12 months in the CTG group.37 Changes
within groups between 12- and 24-month measure-
ments were statistically non-significant.

PD was greater in the EMD group than the CTG
group (at baseline), although remaining shallow in
both groups at 24 months. The final measurements
showed a difference of 0.2 mm between groups.
The validity of this finding should be evaluated in view
of potential measurement errors in the range of 0.5 to
1.0 mm. PD increase was not accompanied by a
higher VRD. Studies have shown that recession cov-
erage by the coronally advanced flap procedure does
not result in pocket formation but rather tissue at-
tachment on the previously exposed root sur-
face.20,22,23,28-32,41

Differences between groups in HKT were statisti-
cally significant (P <0.001) and clinically important.
Increase in the height of keratinized tissue following
the subpedicle CTG procedure has been widely dem-
onstrated.2,3,6,8,14,21,40,41 In the present study, the
CTG was not completely covered by the recipient tis-
sues, which apparently induced a larger increase.
Changes in HKT following the coronally positioned
flap procedure with the addition of EMD have recently
been reported.30,32,35,37 Almost no change30,32 and
even a slight decrease41 in HKT were observed when
the same procedure without the addition of EMD was
performed. This finding could suggest a long-term ef-
fect of EMD on gingival fibroblasts.43 In the present
study, the increase in HKT was nearly 0.7 mm in
the EMD group at the 12-month measurement,
whereas at the final evaluation, an additional statisti-
cally significant (P <0.001) increase of 0.5 mm was

recorded; altogether, the HKT increase in the EMD
group was 1.18 mm from baseline.

Histologic analysis following root coverage proce-
dures has shown contradictory results, from a mini-
mal amount of periodontal regeneration using
different techniques16,19,24,44,45 to new connective
tissue attachment.19,46 EMDs are effective in inducing
periodontal regeneration in dehiscence type de-
fects,33,34 but when combined with a subpedicle
CTG, there were conflicting results.38,39 Histologi-
cally, periodontal regeneration following coronally
positioned flap procedures has been found with the
addition of EMD.36,38 In the present study, EMD was
used to promote new attachment to denuded root sur-
faces. However, it is impossible to assess the nature of
attachment through clinical examination. The larger
number of female patients in both groups (CTG: 26 fe-
males and 11 males; EMD: 18 females and 10 males)
was due to the fact that consecutive cases were in-
cluded in the study in all centers. Females apparently
consult more for gingival recession than males. No
statistically significant interaction between gender
and treatment outcome was shown for any of the stud-
ied parameters.

Both treatments proved clinically successful. The
CTG treatment showed a higher percentage of root
coverage and HKT increase. EMD is a valuable,
long-term effective treatment alternative to achieve
root coverage together with an increase in HKT.
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