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Background: In early case studies, use of a collagen barrier as a
guided tissue regeneration (GTR) material has shown particular
promise in procedures aimed at root coverage. The similarities
between collagen membrane and subepithelial connective tissue graft
(SCTG) have made collagen membrane an attractive and a possible
alternative material for root coverage. The purpose of this random-
ized clinical trial was to compare these 2 techniques, SCTG versus
a GTR-based procedure (GTRC), for root coverage/recession treat-
ment.

Methods: Sixteen patients with bilateral Miller’s Class I or II (gin-
gival recession ≥3.0 mm) recession defects were treated either with
SCTG or GTRC using a newly designed collagen membrane. Clini-
cal parameters monitored included recession depth (RD), clinical
attachment level (CAL), probing depth (PD), width of keratinized gin-
giva (KG), attached gingiva (AG), and recession width (RW), each
measured at the mid-buccal area to the nearest 0.5 mm. Measure-
ments were taken at baseline and 6 months. A standard mucogingi-
val surgical procedure was performed. Data were reported as means
± SD and were analyzed using the paired t test for univariate analy-
sis and restricted/residual maximal likelihood (REML)-based mixed
effect model for multivariate analysis.

Results: No statistically significant differences were observed in RD,
CAL, KG, and AG between test and control groups at either time
period. However, SCTG showed significantly more residual PD and
more RW gain when compared to GTRC at 6 months. Both treat-
ments resulted in a statistically significant (P <0.05) reduction of
recession defects (2.5 mm and 2.8 mm), gain of CAL (2.8 mm and
2.3 mm), reduction of RW (1.9 mm and 2.7 mm), and increase of
KG (0.7 mm and 1.1 mm) and AG (0.7 mm and 0.5 mm) for GTRC
and SCTG, respectively, when comparing 6-month data to baseline.
Mean root coverage of 73% (collagen membrane) and 84% (subep-
ithelial connective tissue graft) was achieved.

Conclusions: The 2 techniques are clinically comparable. Use of
a modified collagen membrane to attain root coverage may alleviate
the need for donor site procurement of connective tissue. J Peri-
odontol 2001;72:1301-1311.
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Root coverage is indicated to
cover unesthetic, painful, or
exposed root surfaces and/or

to prevent disease progression in
areas where hygiene cannot be ade-
quately maintained. Multiple ap-
proaches have often been used to
achieve root coverage. Often, mul-
tiple grafting procedures are re-
quired to achieve optimal results.1,2

These techniques include but are
not limited to lateral pedicle graft,
free gingival graft, and subepithe-
lial connective tissue graft. The
subepithelial connective tissue graft
(SCTG) technique was introduced
to increase the predictability of total
root coverage and has been re-
garded as the standard approach
for dealing with this complex prob-
lem.3 This technique offers a dual
blood supply, a better color match,
and a high degree of predictable
success. Raetzke reported an over-
all 80% mean root coverage using
this technique, along with an aver-
age gain of 3.5 mm in tissue kera-
tinization.4 Nelson later reported
100% root coverage in areas of ≤3
mm of recession.5 Roots with 4 to
6 mm of recession had 92% cover-
age, and there was 88% coverage in
the more advanced recession ≥7
mm. In a recent study, Harris
demonstrated a mean coverage of
94.8% when this technique was
applied.6 However, disadvantages
associated with the procedure
include the need for a second sur-
gical site and morbidity linked with
harvesting the autogenous palatal
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donor mucosa. Donor area surgery may result in post-
surgical bleeding and patient discomfort. In addition,
if the individual has thin palatal tissues overall, it
becomes difficult to harvest sufficient donor tissue from
one site alone. An additional site may be required, and
the patient may have to undergo multiple surgeries in
an area to acquire sufficient graft tissue.

Recently, attempts have been made to achieve root
coverage using surgical techniques based on the prin-
ciples of guided tissue regeneration (GTR).7-15 These
procedures have employed a variety of occlusive bar-
rier products including non-resorbable (e.g., expanded
polytetrafluoroethylene [ePTFE�]) and bioabsorbable
(e.g., collagen, polylactide or polyglycolide polymer)
materials.9-12 Controlled clinical trials have indicated
that GTR-based root coverage procedures respond well
especially in deep and narrower recession defects.13

Similar results were reported when GTR-based tech-
niques were compared to traditional root coverage pro-
cedures.6,14,16,17 GTR therapy offers an additional ben-
efit through its potential of promoting new attachment
formation along the previously denuded root surface,
which rarely occurs when a SCTG is utilized.18 For
example, the type of healing observed following trans-
position of a pedicle graft is usually formation of a
long junctional epithelium with a minimal amount of
new connective tissue attachment.2 In comparison,
GTR-treated sites typically show healing characterized
by varying amounts of new bone, new cementum, and
new periodontal ligament.10,18 It appears then that GTR
therapy is a legitimate approach toward managing the
problem of root coverage and that clinical outcomes
may be even more favorable than those achieved with
traditional methods.

Non-resorbable ePTFE represents the first genera-
tion of materials used for GTR-based root coverage
procedures. ePTFE has shown encouraging results but
is limited by a number of clinical and biological defi-
ciencies. The need for a secondary surgical procedure
to retrieve the material has limited its usage and may
further jeopardize wound healing and clinical outcomes.
These deficiencies have led to a search for alternative,
second-generation materials that are occlusive but also
biodegradable and “tissue friendly.” A number of nat-
urally bioabsorbable materials, including synthetic poly-
mers and animal-derived collagen products, have been
introduced as GTR barriers over the past decade. In
clinical testing, these materials have shown results
comparable to traditional non-resorbable barrier mate-
rials in the treatment of infrabony defects and furca-
tion lesions.19-21

Collagen is the predominant protein in human con-
nective tissue including periodontal tissues and, as
such, is well tolerated by gingival tissue and incorpo-
rated as a native structure. It is physiologically bioab-
sorbable and has been successfully used as a GTR

barrier and, in preliminary studies, as an aid in root
coverage techniques.12,22 If it were employed as a bar-
rier method in GTR root coverage, a collagen barrier
would eliminate the need for a second surgical site to
harvest autogenous connective tissue donor material.
It is also anticipated that when placed as a subep-
ithelial graft, keloid formation will be reduced and the
common need for a secondary surgical procedure,
either to reposition the graft coronally to obtain ade-
quate root coverage or to reduce thickness, would be
reduced. Collagen also encourages autogenous con-
nective tissue and epithelial cells to attach and migrate
over its surface.23 These chemotactic properties may
reduce the incidence of membrane exposure and bac-
terial contamination, 2 sequelae that are known to
inhibit tissue regeneration. Through its ability to aggre-
gate platelets, collagen has been shown to act as a
hemostatic agent that promotes initial clot formation
and wound stability.24 It is also possible that collagen
barriers may act similarly to subepithelial connective
tissue grafts by providing a collagenous scaffold for
tissue repair and may secondarily augment the vol-
ume (thickness) of gingival tissue following in vivo
expansion, enzyme degradation, and eventual replace-
ment by the surrounding connective tissue.25 These
properties collectively make collagen attractive for use
in GTR-based root coverage procedures.

Shieh et al. and Wang et al. showed that collagen
can be effectively used as a graft material for root cov-
erage after 6 months,12,22 while Zahedi et al. reported
mean root coverage of 82.2% after 2 years.26 Since nei-
ther of these studies included a control group, it is yet
unknown if the GTR-based procedure is comparable to
conventional procedures. Özcan et al. compared the
use of collagen membranes containing fibrin/fibronectin
plus tetracycline root conditioning to coronally posi-
tioned flaps.27 They found no significant differences
between groups with regard to mean root coverage.
Nonetheless, significantly more gain in clinical attach-
ment was found in the collagen membrane group com-
pared to the coronally positioned flap group (4.21 mm
versus 2.86 mm). Recently, Tatakis and Trombelli com-
pared the SCTG and GTR techniques using polyglycolic
acid barrier. They reported that both approaches
resulted in a similar percentage of root coverage, while
the prevalence of complete root coverage consistently
favored SCTG treatment.28 Nonetheless, at this point,
only limited information is available on differences
between collagen membrane and traditional soft tissue
grafting procedures, especially SCTG.

Therefore, the purpose of this study was to clini-
cally evaluate the utility of a GTR technique using a
newly designed, double thickness, type I collagen
membrane in the treatment of gingival recession. In
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� Gore-Tex Periodontal Material, W. L. Gore & Associates Inc., Flagstaff, AZ.
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this study, the percentage of root coverage with respect
to coronal gain of keratinized tissue height and esthetic
blending is compared between a GTR technique using
a collagen membrane and a subepithelial graft tech-
nique using autogenous connective tissue.

MATERIALS AND METHODS
Subjects
The research protocol herein described was approved
by the university committee governing the use of
human subjects in clinical experimentation. Sixteen
systemically healthy patients with bilateral recession
defects (6 males and 10 females, 30 to 54 years of
age, mean age 40.6 years) were selected from the
patient pool of the Graduate Periodontic Clinic at the
University of Michigan School of Dentistry. Patient
selection criteria for this clinical study included: 1) two
buccal recession defects (≥3 mm) classified as either
Miller’s Class I or II;29 2) radiographic evidence of suf-
ficient interdental bone (the distance between crestal
bone and cemento-enamel junction ≤2 mm); 3) clin-
ical indication and/or patient request for recession cov-
erage; and 4) sufficient palatal donor tissue available
for the indicated connective tissue graft. Patients with
any of the following conditions were excluded from the
study: 1) potential medical complications; 2) known
allergy to bovine products; 3) history of anaphylac-
toid reaction; 4) pregnancy; 5) use of any tobacco
products within the last 30 days; 6) evidence of clin-
ically significant (as defined by the investigators) renal,
hepatic, cardiac, endocrine, hematologic, autoimmune,
or any systemic disease that would make interpreta-
tion of the protocol or results difficult; 7) inability to
provide informed consent; or 8) participation in another
clinical trial using an investigational new drug or device
within 30 days of entrance into the study. Each par-
ticipant completed initial therapy consisting of oral
hygiene instruction, scaling and root planing, polish-
ing, and occlusal adjustment as needed prior to con-
sideration for entry into the study. Following this ther-
apy and achievement of a modified O’Leary plaque
score30 of 85% or better, patients signed a written con-
sent form to have one recession defect treated with
the GTR-collagen membrane technique (GTRC) and
the other with connective tissue harvested from another
surgical site in their mouth (the palate). Both reces-
sion sites were treated at the same visit.

Clinical Measurements
Data were collected at each visit on standard data
recording sheets. The data collector was blinded to the
treatment type and took all measurements during the
study. All clinical measures were made to the nearest
0.5 mm with a standard UNC manual probe. Prior to
the study, the examiner was calibrated to reduce intra-
examiner error (kappa >0.75) to establish reliability

and consistency. Each subject was examined through-
out the study by the same examiner (ML).

Gingival depths were measured in the following
manner. At baseline, 1, 2, 4 weeks and 3 and 6 months
postsurgery, tissue was evaluated utilizing the follow-
ing indices: plaque index (PI) according to Silness and
Löe,31 modified gingival index (MGI) as described by
Lobene et al.,32 and sulcus bleeding index using the
criteria by Mühlemann and Son.33 In addition, at base-
line and 3 and 6 months postsurgically as part of the
patient’s recall examination and maintenance visits,
the following clinical measurements were recorded:
recession depth (RD), recession width (RW), width of
keratinized gingiva (KG), clinical attachment level
(CAL), and probing sulcus depth (PD). Measurement
of RD and CAL was recorded relative to the cemento-
enamel junction (CEJ). RD was measured from the
mid-facial point of the CEJ to the free gingival mar-
gin (FGM). The width (RW) was recorded at a level of
1 mm apical to the CEJ. The width of keratinized tis-
sue (KG) was determined by subtracting the RD mea-
sure from the CEJ-MGJ (mucogingival junction). The
difference between CEJ-MGJ and CEJ-PD denoted the
width of attached gingiva (AG).

Additional clinical data were obtained via pho-
tographs taken at each postoperative visit. Subjective
evaluation of color match, contour, consistency, con-
tiguity or blending, and degree of keloid formation was
scored at the 6-month postsurgical interval. An inde-
pendent periodontist was asked to rate the color match
as excellent, good, adequate, or unsatisfactory. Con-
tour was judged based upon the presence or absence
of a scalloped, knife-edged, graft gingival margin. Con-
sistency was described as firm or spongy. Contiguity
was evaluated based upon the confluence between the
graft and recipient flap and rated with yes or no. Keloid
was scored as absent or present. Patient satisfaction
with the esthetics (color match, overall satisfaction,
and amount of root coverage) was recorded.
Kodachrome slides were taken at each visit as per-
pendicular to the tooth as possible.

At 6 months post-treatment, the percentage of root
coverage was calculated according to the following
formula:

× 100%

Surgical Protocol (Figures 1, 2, and 3)
All surgical procedures were performed by one sur-
geon (HLW). Both recession sites were prepared sim-
ilar to the technique described by Langer and Langer.3

Briefly, after adequate local anesthesia was obtained,
sulcular incisions were made on the recipient teeth
and joined to horizontal incisions extending into the

(postoperative recession depth −
preoperative recession depth)

preoperative recession depth
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adjacent interdental areas slightly coronal to the tooth’s
CEJ. The horizontal incisions were connected to 2 ver-
tical incisions that began at the line angles of the adja-
cent teeth. A 2 mm collar of bone and periodontal lig-
ament was exposed (full-thickness flap) on all sides of
the dehiscence/recession. A trapezoidal-shaped, par-
tial-thickness flap was elevated to a level 3 mm more
apical to the expected bone in the recession/ dehis-
cence area, providing a vascular connective tissue bed
for placement of the selected graft material. The
exposed, affected root surface was scaled and planed
with ultrasonics, rotary burs, and/or curets to produce

a decontaminated, smooth, and flattened surface. No
chemical root treatment was performed.

After all recipient site preparation was completed,
the selection of collagen membrane or autogenous
palatal donor graft was randomly assigned by a coin
toss. The defect on the patient’s right side was first
assigned through this approach, while the defect on the
opposite side received the other treatment choice. The
collagen membrane used here is a newly designed,
double-thickness collagen membrane¶ (prepared from
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Figure 1.
GTR-based root coverage procedure utilizing newly designed, double-
thickness collagen membrane (GTRC). A. Presurgery shows 7 mm of
gingival recession (patient’s right side, tooth #3); B. full-thickness flap
is raised and root surface debrided; C. collagen membrane is placed
and sutured with 5-0 suture; D. flap coronally advanced and sutured;
E. healing at 6 months showed 5 mm of root coverage.

¶ Sulzer Dental Inc., Carlsbad, CA.
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purified bovine Achilles tendon in a chemically cross-
linked form and supplied in individual 20 mm × 15
mm × 0.40 to 0.50 mm sterile pieces; it differs from
original collagen membrane# by its double thickness).
The donor SCTG graft was harvested as described by
Langer and Langer.3 Donor tissue thickness close to
1.5 mm was achieved by selective trimming of the
harvested tissue.

Both grafts were shaped to fit their respective recip-
ient sites so that the exposed root area up to the CEJ
or expected level of root coverage was covered. The
grafts extended apically and laterally beyond the bony

margins of the dehiscence/recession defect by at least
1 mm so that two-thirds of the graft was covered by
the host flaps. The collagen membranes and the auto-
genous connective tissue grafts were fixed in place with
coronal tacking sutures through the interdental papil-
lae using a resorbable 5-0 suture.** The flap was then
coronally positioned to cover the membrane/SCTG and
secured with two 5-0 sutures** at the mesial and dis-
tal angles, respectively. Care was taken to ensure that
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Figure 2.
Subepithelial connective tissue graft procedure (SCTG). A. Presurgery
shows 7 mm of gingival recession (patient’s left side, tooth #14); B.
full-thickness flap is raised and root surface debrided; C. connective
tissue graft harvested and sutured with 5-0 suture; D. flap coronally
advanced and sutured; E. healing at 6 months showed 5 mm of root
coverage.

#   BioMend, Sulzer Dental Inc.
** Vicryl, Johnson & Johnson, Somerville, NJ.
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the flap was free of tension. Following closure of the
recipient sites, the palatal donor site was treated in the
appropriate manner. Sterile dry foil was adapted and
periodontal dressing placed over the recipient sites to
protect the wounds from any potential trauma.

After surgery, routine written and oral postoperative
care instructions were given to the patients. A non-
steroid anti-inflammatory analgesic was prescribed.
Amoxicillin or necessary substitute antibiotics were pre-
scribed only in those cases where a concern for infec-
tion developed. Patients were instructed in postopera-
tive home care including a recommendation to refrain
from mechanical cleaning on the surgical areas. Warm
saltwater rinses and topical, warm saltwater applica-
tion with a cotton tip were used instead of mouthrinse
for the first month. After 28 days, patients were
instructed to resume routine oral hygiene with encour-
agement to rinse twice daily with 0.12% chlorhexidine
gluconate mouthrinse.†† Patients were seen at 1, 2, 4
weeks and 3 and 6 months for postoperative care and
clinical measurements. Dressing materials and sutures

were removed at 7 to 10 days after surgery. Profes-
sional prophylaxis without prophy paste and rein-
forcement of oral hygiene instructions were also per-
formed if indicated (i.e., visible supragingival plaque
or calculus present) at each post-treatment visit.

Statistical Analysis
Prior to the initiation of the study, a statistical power
analysis was utilized to determine the sample size. This
is performed at α (the probability of type I error) =
0.05, and at β (the probability of type II error) = 0.20,
which is equal to 80% of power. With the estimated
standard deviation of the population set as 0.7 mm
(from a previous study),12 the minimum difference for
detecting a statistical significance was set at 1 mm
between treatments. This analysis indicated that 16
subjects were needed in this study to show a statisti-
cal difference. Data were reported as means ± SD, and
a statistical software program‡‡ was used for all analy-
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†† Peridex, Procter & Gamble, Cincinnati, OH.
‡‡ SAS 6.12, SAS Institute, Inc., Cary, NC.

Figure 3.
Results at 6 months for both GTRC and SCTG in the same individual. A. Presurgery (patient’s right side, tooth #28); composite restoration was
removed and collagen membrane was placed and sutured; B. healing at 6 months showed 100% root coverage; C. presurgery (patient’s left side,
tooth #22); site was treated by subepithelial connective tissue graft; D. healing at 6 months showed 100% root coverage.
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sis. Data were analyzed using the paired t
test for univariate analysis and restricted/
residual maximal likelihood (REML)-based
mixed effect model for multivariate analy-
sis. Significance was reported at the 95%
confidence level.

RESULTS
Sixteen patients (mean age 40.6 ± 9.15)
with bilateral, similar buccal gingival reces-
sion defects ≥3.0 mm (Miller’s Class I or II)
were studied. During the course of this study,
one subject experienced an unexpected
adverse postsurgical swelling in the SCTG
site. In addition, one patient had a postsur-
gical ecchymosis in the SCTG-treated site.
Both complications were treated with antibi-
otics and healing on both sites was unevent-
ful. However, the result of root coverage was
less favorable than that observed at “un-
eventful” sites.

Tables 1 and 2 show the clinical para-
meters at baseline and 6 months. At base-
line, no statistically significant differences
between study groups were found for any of
the parameters except PD and CAL. Reces-
sion depths (Table 1) at GTRC-treated sites
decreased from 3.7 ± 1.1 mm to 1.1 ± 1.2
mm, a reduction of 2.5 ± 0.7 mm, cor-
responding to a mean root coverage
of 73 ± 26% (Table 3). In sites treated
with SCTG, mean recession decreased
from 3.4 ± 1.0 mm to 0.7 ± 1.2 mm,
a reduction of 2.8 ± 0.8 mm, corre-
sponding to a mean root coverage of
84 ± 25% (Table 3). The difference
between GTRC and SCTG still favored
SCTG, but the difference was not sta-
tistically significant. Table 3 revealed
6-month results for both treatments.
Both treatment groups showed a sta-
tistically significant reduction (P <0.05)
of RD. Table 3 lists the percentage of
root coverage in each individually
treated site. As indicated in Table 4, 7
out of 16 (43.8%) in both groups
achieved 100% coverage, while 14 out
of 16 (87.5%) gained ≥50% root cov-
erage in both treated groups. However, only 7 GTRC
sites (43.8%) gained >75% root coverage as compared
to 11 (68.8%) SCTG-grafted sites.

For recession width, both groups showed statistical
improvement (P <0.05) at 6 months when compared
to baseline. SCTG demonstrated a statistically signif-
icant reduction of RW when compared to GTRC at 6
months. A significant increase of keratinized gingival

tissue was found in SCTG (1.1 ± 2.0 mm) but not
GTRC (0.7 ± 1.7 mm). However, the difference between
both treatments did not reach statistical significance.
There was a slight gain of attached gingiva in both
groups, but a statistically significant difference was not
observed.

Gain of clinical attachment level (Table 2) was sig-
nificantly increased at 6 months compared to base-
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Table 1.

Gingival Recession at Baseline and 6 Months
Postoperatively (data are reported as means � SD in
mm)

Difference
Treatment GTRC SCTG (GTRC-SCTG)

Recession depth
Baseline 3.7 ± 1.1 3.4 ± 1.0 0.2 ± 0.6
6 months 1.1 ± 1.2 0.7 ± 1.2 0.4 ± 1.2
Difference (baseline-6 month) 2.5 ± 0.7*† 2.8 ± 0.8*† –0.2 ± 1.1

Recession width
Baseline 3.4 ± 0.9 3.5 ± 0.8 0.0 ± 0.7
6 months 1.5 ± 1.9 0.8 ± 1.4 0.7 ± 1.3*
Difference (baseline-6 month) 1.9 ± 1.7* 2.7 ± 1.2* –0.8 ± 1.3*†

Keratinized gingiva
Baseline 2.8 ± 1.4 2.5 ± 1.2 0.3 ± 0.5
6 months 3.5 ± 1.0 3.7 ± 1.6 –0.1 ± 1.0
Difference (baseline-6 month) –0.7 ± 1.7 –1.1 ± 2.0*† 0.4 ± 1.0

Attached gingiva
Baseline 1.3 ± 1.0 1.3 ± 0.8 0.0 ± 0.8
6 months 2.0 ± 1.3 1.8 ± 1.7 0.2 ± 1.2
Difference (baseline-6 month) –0.7 ± 1.5 –0.5 ± 2.1 –0.2 ± 1.3

* Statistical difference at P <0.05 level.
† Due to rounding of data.

Table 2.

Clinical Parameters of Treated Sites at Baseline and 6
Months Postoperatively (data are reported as means �
SD in mm)

Treatment GTRC SCTG Difference (GTRC-SCTG)

Clinical attachment level
Baseline 5.4 ± 1.2 4.8 ± 1.2 0.6 ± 0.6*
6 months 2.6 ± 1.2 2.5 ± 1.4 0.1 ± 1.2
Difference (baseline-6 month) 2.8 ± 0.7* 2.3 ± 1.0* 0.4 ± 1.1†

Probing depth
Baseline 1.8 ± 0.4 1.4 ± 0.5 0.3 ± 0.5*
6 months 1.5 ± 0.5 1.8 ± 1.4 –0.3 ± 0.6*
Difference (baseline-6 months) 0.3 ± 0.3 –0.4 ± 0.6* 0.7 ± 0.6*†

* Statistical difference at P <0.05 level.
† Due to rounding of data.
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line. GTRC and SCTG-treated sites gained 2.8 mm
(from 5.4 mm to 2.6 mm) or 2.3 mm (from 4.8 mm
to 2.5 mm) of CAL, respectively. No differences were
found between the groups. GTRC-treated sites showed
a reduction of 0.3 ± 0.3 mm PD (Table 2), while SCTG-
treated sites showed an increase of 0.4 ± 0.6 mm. The
difference between both treatments was statistically
significant (P <0.05).

No statistical difference was noted in GI, PI, and BI
(Table 5) between groups when compared to 3 differ-
ent time points (0, 3, and 6 months).

Periodontist Preference
Table 6 lists the subjective evaluation of color match,
contour, consistency, contiguity or blending, and degree
of keloid formation. When an independent periodon-
tist rated the treatment results at 6 months, 15 out of
16 GTRC sites had excellent color match and only 11
SCTG sites reported the same. Good contour was noted
in 15 GTRC sites versus 13 SCTG sites. Tissues showed
firm consistency in all sites treated by either technique.
Sixteen GTRC-treated sites were rated as having an

acceptable blend as compared to 14 SCTG sites. Keloid
formation was noted in only one SCTG site.

Patient Satisfaction
Patient satisfaction with esthetics (color match, over-
all satisfaction, and amount of root coverage) was the
same for both treatments (Table 7). However, patients
expressed greater satisfaction overall with GTRC.

DISCUSSION
The purpose of this randomized controlled clinical trial
was to compare the clinical outcomes of traditional
subepithelial connective tissue graft (SCTG) versus a
GTR technique using a newly designed, double-thick-
ness collagen membrane (GTRC) for the treatment of
buccal gingival recessions. Results obtained from this
study indicated that both GTRC and SCTG can be suc-
cessfully used to treat periodontal recession defects.
This finding is similar to that reported by Tatakis and
Trombelli, who indicated that both SCTG and GTR can
be used to achieve root coverage.28 As outlined ear-
lier, a GTR technique could offer several advantages
over SCTG, including elimination of the need for a sec-
ond surgical site(s) for harvesting graft and associated
morbidity, less postsurgical trauma and discomfort,
reduction in operatory time, and an increase in accep-
tance of the procedure by patients. Our results suggest
that this technique may eliminate the need for use of
autologous tissue in root coverage procedures.

Data from this study demonstrated that a significant
improvement was found in RD (2.5 mm for GTRC and
2.8 mm for SCTG) and in the percentage of root cov-
erage (73% for GTRC and 84% for SCTG). Although no
statistically significant differences were found between
the groups, results tended to favor the SCTG procedure.
Overall, 43.8% of sites in both treatment groups
achieved 100% root coverage, and 87.5% of sites gained
≥50% root coverage. Nearly 70% (68.8%) of SCTG-
treated sites achieved >75% root coverage as compared
to 43.8% of GTRC sites. This difference might be
explained by the influence of tissue thickness. As
described by Harris, when GTR-based root coverage
was used to treat buccal recession defects, areas with
thin (<0.5 mm) tissue thickness gained only 26.7% root
coverage as compared to 95.9% root coverage in thick
(≥0.5 mm) tissue.6 Although current flap thickness was
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Table 3.

Individually Treated Sites; Percentage of
Root Coverage After 6 Months Compared
to Baseline

Patient GTRC SCTG

001 50 100

002 50 33

003 67 83

004 100 60

005 100 83

006 100 100

007 100 100

008 50 87

009 50 67

010 71 100

011 43 38

012 100 100

013 100 83

014 33 100

015 50 73

016 100 100

Average (mean ± SD) 73 ± 26 84 ± 25

Table 4.

Percentage of Root Coverage After 6
Months

Group N 100% >75% ≥50% <50%

GTRC 16 7 (43.8) 7 (43.8) 14 (87.5) 2 (12.5)

SCTG 16 7 (43.8) 11 (68.8) 14 (87.5) 2 (12.5)
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The amount of root coverage
obtained with collagen membranes
in the present study is comparable
to that reported in previous stud-
ies using both bioabsorbable and
non-resorbable membranes.17,35-37

However, the results reported here
are slightly less favorable than
those reported in several other
studies; this may be due to varia-
tion in materials used and mea-
surement techniques employed.
For example, a measurement res-
olution of 0.5 mm was used in this
study compared to 1.0 mm in
other studies.11,33,38,39 Further-
more, our finding of 84% mean
root coverage using SCTG is in
general agreement with reports by
Raetzke (80%)4 and Jepsen et al.

(87%).17 These results are within the range of 65% to
98% mean root coverage where SCTG has been
reported.40-42

Although both procedures demonstrated an
improvement in RW at 6 months, SCTG showed a sta-
tistically significant improvement over GTRC. Our
results with SCTG were comparable to those reported
by Muller et al., who reported 53% RW coverage at 1
year.43 It is possible that differences seen in RW
between SCTG and GTRC may be due to inherent dif-
ferences between the thickness of the donor tissue
(0.75 to 1.50 mm) and the collagen membrane used
here (0.4 to 0.5 mm).
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not measured in this study, a review of clinical slides
taken for each case seems to support this general
premise. This is also in agreement with the suggestion
by Allen and Miller, who proposed that 1 mm of tissue
thickness may be important when a coronally positioned
graft is used for root coverage.34 Observation from our
study hints that GTR-based root coverage should be
attempted only in areas with thick tissues (i.e., ≥0.5 mm).
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Table 6.

Subjective Evaluation of Color Match,
Contour, Consistency, Contiguity or
Blending, and Degree of Keloid Formation
(n � 16 in both groups)

GTRC SCTG

Color match
Excellent 15 11
Good 0 5
Adequate 1 0
Unsatisfactory 0 0

Contour
Good 15 13
Poor 0 1
Irregular 1 2

Consistency
Firm 16 16
Spongy 0 0

Contiguity
Yes 16 14
No 0 2

Keloid formation
Absent 16 15
Present 0 1

Table 7.

Patient Satisfaction With Esthetics (n � 16
in both groups)

GTRC SCTG

Color match
Excellent 6 9
Good 8 5
Fair 2 1
No response 0 1

Overall satisfaction
Excellent 9 7
Good 4 6
Fair 3 2
No response 0 1

Amount of root coverage
Excellent 7 10
Good 6 4
Fair 2 0
No response 1 2

Table 5.

Clinical Indices of Treated Sites at Different Time Points
(data are reported as means � SD)

GI PI BI

GTRC SCTG GTRC SCTG GTRC SCTG

Baseline 0.8 ± 0.4 0.8 ± 0.4 0.2 ± 0.4 0.1 ± 0.3 0.1 ± 0.3 0.2 ± 0.4

1 week post-op 1.8 ± 0.8 1.9 ± 0.8 0.6 ± 0.6 0.6 ± 0.7 N/A N/A

2 weeks post-op 1.3 ± 0.7 1.6 ± 0.6 0.4 ± 0.5 0.3 ± 0.6 N/A N/A

4 weeks post-op 0.8 ± 0.5 1.1 ± 0.4 0.4 ± 0.6 0.4 ± 0.5 N/A N/A

3 months post-op 0.6 ± 0.7 0.6 ± 0.7 0.4 ± 0.5 0.4 ± 0.6 0.1 ± 0.3 0.1 ± 0.3

6 months post-op 0.7 ± 0.6 0.6 ± 0.6 0.4 ± 0.6 0.3 ± 0.5 0.2 ± 0.4 0.1 ± 0.3

No statistical difference was noted in GI, PI, and BI between groups when compared to 3 different time
points (0, 3, and 6 months).
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A previous study by this research group reported a
0.9 mm gain in KG when the GTRC technique was
used.12 Our current findings closely approximate this
result in that GTRC therapy resulted in a 0.7 mm gain
in KG (as compared to 1.1 mm for SCTG). These
results are also in general agreement with previous
studies comparing GTRC and SCTG technique for root
coverage.39-42

In the present report, GTRC and SCTG-treated sites
gained 2.8 mm and 2.3 mm of CAL, respectively. This
was accompanied by a reduction of 0.3 mm (GTRC)
and an increase of 0.4 mm (SCTG) in probing depth,
results that are less than those reported by previous
studies (range 2.6 to 5.1 mm).35-39 These differences
in outcomes are difficult to explain but may be par-
tially based on characteristics unique to each individ-
ual study including the demographics of study partic-
ipants, size of the defects treated, measurement
techniques employed, operator experience/surgical
skills, as well as individual patient factors (e.g., root
prominence, depth of the vestibule, soft tissue quality,
and compliance). Considering that root coverage was
achieved in these situations, this finding illustrates a
gain in clinical attachment and suggests formation of
a new attachment on a portion of the covered root sur-
face. In the absence of histological evidence, it is impos-
sible to determine whether this gain in attachment is
facilitated by formation of a long junctional epithelium,
a new connective tissue attachment, or a combination
of both types of healing. However, Vincenzi et al.10 and
Parma-Benfenati and Tinti,18 using human histologic
material, have shown that root coverage utilizing the prin-
ciple of GTR can be accompanied by formation of a new
fibrous periodontal attachment. Additional studies are
needed to understand the interaction between the newly
covered root surface and overlying gingival tissues.

Clinical parameters (e.g., PI, GI, and BI) remained
relatively constant at all time intervals during the exper-
imental period, suggesting that both treatments were
well tolerated by the host tissues. This implies that col-
lagen is a safe clinical material, since it did not enhance
plaque accumulation or gingival inflammation. This
observation is in agreement with Blumenthal21 as well
as our previous studies.12,19 However, for either ther-
apy, there was an inverse relationship between root
coverage/CAL gain and postoperative complication.
This finding suggests that postsurgical wound man-
agement is critical to the success of root coverage
regardless of the treatment type used.

An interesting observation in this study was that
both clinicians and patients viewed the 2 techniques
as equivalent in terms of outcomes and overall satis-
faction. Subjects reported greater overall satisfaction
with the GTRC technique, possibly explained by elim-
ination of the need for a second surgical procedure
and reduction of treatment time.

Several questions remain to be answered following
this study. Although results following either procedure
appear equivalent, a longer follow-up period appears
warranted. We are also unaware of how important thick-
ness of the graft material (or GTR membrane) is to the
final result. Hence, it would be advantageous to design
other studies, human or animal, to study this variable.
Finally, in the absence of histological evidence, we can-
not ascertain if healing following GTRC is via a long
junctional epithelium, connective tissue adaptation, new
attachment, or other phenomena. Animal-based stud-
ies are currently being conducted to learn more about
these variables and the tissue dynamics accompany-
ing healing following root coverage procedures.

In conclusion, results from this limited study indi-
cate GTRC or SCTG is clinically comparable (e.g.,
root coverage and attachment gain at 6 months). An
important clinical advantage in using a modified col-
lagen membrane to attain root coverage is that it alle-
viates the need for donor site procurement of con-
nective tissue.
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