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Development and Clinical Evaluation of
a Root Coverage Procedure Using a

Collagen Barrier Membrane
An-Tay Shieh* Horn-Lay Wang* Robert O'Neal* Gerald N. Glickman,% and
R. Lamont MacNeil*

The use of guided tissue regeneration (GTR) procedures in the treatment of gingival
recession has shown promising results and is gaining clinical acceptance. The purpose of
this study was to assess the use of a bioabsorbable collagen membrane as a barrier device
in root coverage treatment of gingival recession defects. The study consisted of 10 patients
with 10 defects of either Miller Class I or  description and gingival recession &2.5 mm.

Clinical measurements taken at baseline included plaque index (PI) and gingival index
(GI), clinical attachment level (CAL) measured with an automated probe and reference
Stent, recession depth (RD; mean = 3.19 ± 0.26 mm), recession width (RW; 3.95 ± 0.41
mm), probing depth (PD; 2.3 ± 0.2 mm), and width of keratinized tissue (KT; 2.4 ± 0.3
mm); measurements were repeated at 1,2, and 4 weeks and 3 and 6 months post-treat-
ment. During the surgical procedure, a mucoperiosteal flap was elevated and the respective
root thoroughly planed. The collagen membrane was cut to cover the defect and surround-
ing bone, positioned over the root, and secured with 5-0 gut interdental sutures. The flap
was coronally positioned to cover the membrane and sutured with 5-0 silk. Data were

analyzed using the Student paired i-test to compare pre- and postsurgery measurements.
The nonparametric Wilcoxon matched pairs test was used to analyze the significance of
PI and GI at different time intervals. A statistically significant (P < 0.01) reduction in
RD (—1.66 ± 0.25 mm) was observed at 6 months, representing 51.6% total attainable
root coverage. Clinically, a statistically significant mean gain of 1.34 ± 0.47 mm CAL
and 0.90 ± 0.32 mm KT was observed at 6 months. No statistical differences were found
in PD and RW between baseline and 6 months postoperatively. PI and GI remained low
and showed no statistically significant change (P < 0.05) throughout the study period.
Results from this study suggest that a collagen membrane can be used successfully as a

barrier device in GTR-based root coverage procedures. J Periodontol 1997;68:770-778.

Key Words: Gingival recession/surgery; gingival recession/therapy; guided tissue regen-
eration; collagen/therapeutic use; esthetics, dental; membranes, barrier.

Predictable coverage of exposed root surfaces and the cor-

responding correction of gingival recession defects remain
important aspects of periodontal therapy. A variety of tech-
niques have been developed over the past few decades to
handle this common clinical problem. Traditional surgical
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approaches such as the laterally positioned flap,'-2 free gin-
gival graft,3-4 connective tissue graft,5-6 and coronally posi-
tioned flap7 have been shown to be relatively successful in
achieving root coverage. Recently, attempts have been made
to achieve root coverage using surgical techniques based on
the principles of guided tissue regeneration (GTR).8-17 These
procedures have employed a variety of occlusive barrier
products including nonabsorbable (e.g., expanded polytet-
rafluoroethylene) and bioabsorbable (e.g., polylactic or po-
lyglycolide polymer) materials.

When compared to other root coverage procedures,
GTR therapy offers an additional benefit through its po-
tential of achieving new attachment formation along the
previously denuded root surface. For example, the type



Volume 68
Number 8 SHIEH, WANG, O'NEAL, GLICKMAN, MACNEIL 771

CLINICAL PARAMETERS

d. Probing depth (PD)
e. Width of keratinized- tissue (KT)
s. Reference Stent

Figure 1. Diagram to indicate all clinical parameter measurements.

of healing observed following transposition of a pedicle
graft is usually formation of a long junctional epithelium
with a minimal amount of new connective tissue attach-
ment.1819 In comparison, GTR-treated sites typically show
healing characterized by varying amounts of new boné,
new cementum, and new periodontal ligament.20-21 It ap-
pears then that GTR therapy is a legitimate approach to-
ward managing the problem of root coverage, and clinical
outcomes may be even more favorable than that achieved
with traditional methods.

Until recently, GTR procedures have used non-absorb-
able expanded polytetrafluoroethylene (ePTFE) barrier
materials.11 Tinti et al. treated 12 recession defects with an
ePTFE membrane and reported an average of 52% root
coverage.9 When comparing the GTR-based root coverage
procedure to use of free gingival grafts with coronally
positioned flaps in an attempt to cover gingival recession
defects, a similar amount of root coverage (72.73% vs.

70.87%) was attained. These first generation materials
have proven to have great utility in GTR therapy; how-
ever, they also suffer from a number of clinical and bio-
logical deficiencies including the need for a secondary
surgical procedure to remove the material at the end of
the healing phase. These deficiencies have led to a search
for alternative, second-generation materials which are oc-
clusive but also bioabsorbable and "tissue-friendly." A
number of naturally-absorbable materials, including syn-
thetic polymers and animal-derived collagen products,
have been introduced as GTR barriers over the past de-
cade. In clinical testing, these materials have shown re-

"Gore-Tex Periodontal Material, W.L. Gore & Associates Inc., Flagstaff,
AZ.

suits comparable to traditional non-absorbable barrier ma-

terials in the treatment of intrabony,22-23 furcation,24-25 and
dehiscence26-27 defects.

Clot stabilization, wound stability, space provision, ep-
ithelial cell exclusion, and primary gingival coverage
have been demonstrated as important factors determining
tissue regeneration/repair when barrier techniques are
used.28-29 Barriers composed of type I collagen may have
advantages over traditional materials in achieving many
of these wound healing requirements. Collagen is the pre-
dominant protein in human connective tissue including
periodontal tissues and, as such, should be well-tolerated
by gingival tissue and incorporated as a native structure.
Through its ability to aggregate platelets, collagen has
been shown to act as a hemostatic agent which promotes
initial clot formation and wound stability.30 Membranes
composed of collagen have been shown to act as barriers
which not only provide space for potential regeneration
but also preclude epithelial cell migration.31-32 In addition,
as a material which is chemotactic for fibroblasts, colla-
gen may better facilitate cell migration over the GTR bar-
rier during the early phase of flap healing33 when com-

pared to other devices. These properties may reduce the
incidence of membrane exposure and bacterial contami-
nation, two sequelae which are known to inhibit tissue
regeneration. 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 volume (thickness) of gingival
tissue following in vivo expansion, enzyme degradation
and eventual replacement by the surrounding connective
tissue.27 Barriers composed of collagen also appear to ex-
hibit low antigenicity. Johns et al. indicated that collagen
membranes placed during GTR procedures do not elicit
an antibody reaction.34 Wang et al., in a GTR study, fur-
ther reported an absence of localized hypersensitivity re-

actions at sites of collagen membrane placement.31 The
apparent low antigenicity of these products is likely re-

lated to the fact that commercial collagen material is typ-
ically treated with pepsin to remove its most highly an-

tigenic portion, tyrosine. Overall, collagen membrane ap-
pears to be a biocompatible and safe material for use in
GTR. These properties collectively make collagen attrac-
tive for use in GTR-based root coverage procedures.
Therefore, the purpose of this study is to evaluate the use
of a collagen membrane for the treatment of gingival re-
cession defects.

MATERIALS AND METHODS

Subjects
The research protocol herein described was approved by
the university committee governing use of human subjects
in clinical experimentation. Ten systemically healthy pa-
tients (5 males and 5 females; 21 to 70 years of age; mean
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Figure 2. Illustrated collagen membrane GTR-based root coverage surgical procedure. A) Baseline, recession depth recorded using a Boley gauge;
B) Baseline, clinical attachment level measurement with an automated probe and a reference Stent; C) Baseline, initial buccal gingival recession (2.9
mm) with a North Carolina probe; D) Two diverging vertical incisions are made on the distal and mesial papillae of the tooth, extending beyond the
mucogingival junction (MGJ). An intrasulcular incision is then made to connect the two vertical releasing incisions; E) A trapezoidal full-thickness
mucoperiosteal flap is reflected above the MGJ. Sharp dissection is utilized beyond the MGJ to free the flap from tension. The epithelium of the
interproximal papilla is removed by sharp dissection to provide a bleeding connective tissue bed. The exposed root surface is then thoroughly planed
and recontoured by curets and/or rotary burs to remove plaque and reduce root prominence; F) The collagen membrane is custom-trimmed and
positioned over the root surface to extend 2 to 3 mm beyond the bony margin. The barrier is secured in position with 5-0 interdental gut sutures.
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Figure 2. Continued. G) The gingival flap is coronally positioned to
cover the collagen membrane and secured with 5-0 silk or gut sutures
at the mesial and distal angles; H) One week post-surgery, healing is
uneventful; I) Six months post-surgery, 100% root coverage is achieved.

age 40.7 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 clin-
ical study included: 1) Miller's Class I or II buccal gin-
gival recession > 2.5 mm; 2) radiographie evidence of
sufficient interdental bone (the distance between crestal
bone and CEJ < 2 mm); 3) absence of antibiotic use

within the last 6 months; 4) absence of mucogingival sur-

gery within the last 12 months; 5) evidence of patient's

ability to perform good plaque control; and 6) lack of any
known allergic response to collagen products. Written in-
formed consent was obtained from each participant prior
to initiation of the study. The teeth selected and treated
for the study included 3 mandibular incisors, 1 mandib-
ular bicuspid, 1 mandibular molar and 5 maxillary cus-

pids.
Measurements (Figure 1)
All measurements were performed by one examiner (AS).
Prior to the study, the examiner was calibrated to reduce
intra-examiner error (Kappa > 0.75). At baseline; at 1,2,
and 4 weeks; and at 3 and 6 months postsurgery, the
participants were evaluated using the following clinical
parameters: recession depth (RD), recession width (RW)
at level of cemento-enamel junction, width of keratinized
tissue (KT), plaque index (PI), and gingival index (GI).
Clinical attachment level (CAL) and probing depth (PD)
were recorded only at baseline and 6 months. For refer-
ence, similar measurements were taken from the mesio-
buccal site of an adjacent non-treated tooth. At 6 months
post-treatment, the percentage of root coverage was cal-
culated according to the following formula:

(postoperative recession depth
—

preoperative recession
depth)/preoperative recession depth X 100%

PD was measured on three aspects (mesio-, mid- and
disto-buccal) to the nearest millimeter using a North Car-
olina probe; depths were recorded from the free gingival
margin to the apical end of the sulcus. CAL was measured
from reference points (reference stent) to the apical end
of the sulcus by using an automated probe with a constant
force set at 20 grams. KT was measured from the CEJ to
the free gingival margin using a North Carolina probe.
RD was measured from the CEJ to the free gingival mar-

gin at the deepest site by using a Boley gauge (measured
accurately to ±0.1 mm). RW was obtained by measuring
the horizontal dimension of the gingival defect at the level
of the CEJ by a Boley gauge. PI was recorded according
to Silness and Löe.35 Gl was measured using the criteria
described by Löe.36

Surgical Protocol (Figure 2, A-I)
All surgical procedures were performed by one surgeon
and supervised by two experienced faculty members over
a 13-month period. Following local anesthesia, an intra-
sulcular incision and two diverging vertical releasing in-
cisions (i.e., one mesial and one distal) extending beyond
the mucogingival junction (MGJ) were made on the buc-
cal aspect of the involved tooth. The adjacent marginal
gingiva was left undisturbed by placing the vertical in-
cision at least 0.5 mm away from the adjacent tooth sur-

face. A trapezoidal mucoperiosteal flap was elevated to
the level of the mucogingival junction. In the area apical
to the MGJ, partial-thickness dissection was employed. In
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Table 1. Demographic Information of Individual Treated Sites (mm) at Baseline; 1, 2, and 4 Weeks;
and 3 and 6 Months Postoperatively (n = 10)

Subject Baseline 1 Week 2 Weeks 4 Weeks 3 Months 6 Months

CM 3.2 0.3
 

1.4 1.6 2.0 2.1
KW 3.4 1.4 3.2 2.5 2.2 2.0
MH 2.8 1.0 0.5 0.5 0.4 0.0
MK 2.9 0.0 0.0 0.4 1.0 1.0
MR 2.5 1.3 1.0 1.7 1.9 1.8
MS 2.5 0.0 0.5 0.9 1.2 1.1
PR 3.9 1.6 2.6 2.7 2.1 2.1
SL 5.2 0.3 1.3 1.4 2.0 2.1
TD 3.0 1.6 1.6 2.5 1.6 1.3
WH 2.5 0.9 1.1 1.1 1.6 1.8
Mean ± SE 3.19 ± 0.26 0.84 ± 0.20* 1.32 ± 0.31* 1.53 ± 0.26* 1.60 ± 0.18* 1.53 ± 0.22*
 0.0001 0.0002 0.0005 0.0001 0.0001

Standard error (SE) = standard deviation/VÏO.
*Significa'nt change from baseline {P < 0.01).

the adjoining interdental papillae, gingivoplasty was per-
formed to remove the epithelium and provide a bleeding
connective tissue bed for the future coronally positioned
flap. The exposed root surfaces were thoroughly planed
and contoured by curets and/or rotary burs to remove

plaque and reduce the root prominence. The collagen
membrane used here1 is an FDA-approved absorbable
barrier product composed of purified crosslinked bovine
Achilles type I collagen and differs from other mem-
branes using collagen procured from the skin and con-

taining both type I and III collagen.*** The collagen bar-
rier material was subsequently custom-cut, positioned
over the root coronally to the CEJ with 2 to 3 mm beyond
the bony margin, and secured with 5-0 interdental gut
sutures. Any excessive tissue was trimmed from the flap.
The flap was then coronally positioned to cover the mem-

brane and secured with two 5-0 silk or gut sutures at the
mesial and distal angles, respectively. Care was taken to
ensure that the flap was free of tension. Periodontal dress-
ing was used to protect the operated site from any poten-
tial trauma. After surgery, routine written and oral post-
operative care instructions were given to the patients. An-
tibiotics were not prescribed unless signs or symptoms of
infection developed postsurgically. Oral hygiene tech-
niques were performed only in the quadrants without sur-

gery during the first postsurgery month. Patients were in-
structed to rinse twice daily with 0.12% Chlorhexidine
gluconate+t mouthrinse for a period of 2 to 4 weeks after
the first postoperative week. Patients were seen at 1, 2,
and 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. Professional
prophylaxis without prophy paste and reinforcement of
oral hygiene instructions were also performed if indicated

'BioMend, Calcitek Inc., Carlsbad, CA.
•Periogen, Collagen Inc., Palo Alto, CA.
**ParoGuide, Coletica, Lyon, France.
"Peridex, Procter & Gamble, Cincinnati, OH.

(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 anal-
ysis was used to determine the sample size. Estimated
standard deviation of the population was assumed as 0.7
mm (from a previous study),14 while the minimum dif-
ference (between pre- and post-treatment status) was set
at 1 mm for detecting significance. When  (the proba-
bility of type I error) = 0.05, and ß (the probability of
type II error) = 0.20, 8 subjects would be the minimally
allowed subject size to achieve an 80% chance for de-
tecting a statistical difference. The data were organized,
presented as means ± standard error, and analyzed using
a statistical software program.** Student's paired i-test was

used to compare pre- and postsurgery measurements. The
nonparametric Wilcoxon matched pairs test was used to
analyze the significance of PI and GI at different time
intervals. Significance was reported at the 95% confi-
dence level.

RESULTS
Table 1 describes demographic information for all treated
sites and associated outcomes. At presurgery, the mean

recession depth was 3.19 mm (ranged from 2.5 to 5.2
mm). A statistically significant reduction (P < 0.01) of
RD was observed after treatment, which was maintained
throughout the experimental period (Table 2). A mean

reduction of 1.66 ± 0.25 mm in RD was noted at 6
months postoperatively. At 1 week after treatment, a

mean of 72.56% of root coverage was observed, which
then decreased as the follow-up time elapsed. However,
no statistically significant changes occurred after 4 weeks.
At 6 months, the total root coverage was reduced to
51.55% (ranging from 28% to 100%) (Table 3). Five sites

"InStat, GraphPad Software, Inc., San Diego, CA.
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Table 2. Clinical Parameters of Treated Sites (mm; mean ± stan-
dard error) at Baseline and 6 Months Postoperatively (n = 10)

Baseline 6 Months

Difference
(6 Months-
Baseline)

Recession depth
Recession width
Keratinized tissue
Change in clinical

attachment level
Probing depth

3.19 ± 0.26
3.95 ± 0.41
2.40 ± 0.30
9.04 ± 0.43

1.53
3.24
3.30
7.70

0.22
0.52
0.40
0.34

-1.66
-0.71
0.90

-1.34

0.25*
0.56
0.32*
0.47*

1.60 ± 0.20 1.60 ± 0.30 0.00 ± 0.21

 Statistically significant difference (P < 0.05).

Table 5. Clinical Parameters of Non-Treated Adjacent Sites (mm;
mean ± standard error) at Baseline and 6 Months Postoperatively
(n = 10)

Baseline 6 Months

Difference
(Baseline-
6 Months)

Recession depth
Recession width
Keratinized tissue
Change in clinical

attachment level
Probing depth

0.83
1.38
4.70
7.89

0.25
0.40
0.70
0.39

0.84 ± 0.27
1.46 ± 0.43
4.00 ± 0.30
7.85 ± 0.41

0.00
-0.08
0.70
0.04

0.09
0.17
0.76
0.10

1.50 ± 0.20 1.50 ± 0.20 0.00 ± 0.20

achieved more than 50% root coverage, while one site
demonstrated complete root coverage..

RW was significantly reduced (P < 0.01) at 1 and 2
weeks after surgery. A rebound of RW was noted at 4
weeks postsurgery and showed no statistical difference
when compared to "baseline measurements. At 6 months
postsurgically, a mean reduction of 0.7 mm RW was ob-
served (Table 2).

A statistically significant (P < 0.05) mean gain of 1.34
± 0.47 mm of CAL was noted at 6 months after treat-
ment. However, no significant change of PD was noted
before and after treatment (Table 2). A significant increase
of KT was found at 1 week and 6 months postoperatively
(P < 0.05). A gain of 0.9 mm of KT was observed at
the end of the study (Table 2).

There was no significant difference between GI and PI
when treated test sites were compared to the adjacent non-

treated sites (Table 4). In addition, GI and PI remained
low and showed no statistical difference throughout the
experimental period. However, a slight increase of GI and
PI at 2 and 4 weeks was noted.

Adjacent sites did not demonstrate statistically signifi-
cant changes in any clinical parameters during the study.

Changes in RD, RW, CAL, PD, and KT were not detected
at any time interval throughout the treatment period (Ta-
ble 5).

Adverse Events
One patient (PR) developed a mild swelling without ex-

údate in the midfacial region (near the barrier) in the first
week after surgery; this problem was successfully man-

aged with antibiotics (amoxicillin§§ 500 mg q8h for 10
days). Another patient (TD) exhibited a non-adherent flap
at the defect site at one week after surgery; the flap was

resutured and the site healed uneventfully. No other ad-
verse events were observed throughout the 6-month clin-
ical trial.

DISCUSSION
Multiple approaches have been used to replace lost, dam-
aged, or diseased gingival tissues. Recently, non-absorb-
able ePTFE membranes have been successfully used in
gingival root coverage treatment based on the principle

5§Amoxil, SmithKline Beecham Pharmaceuticals, Philadelphia, PA.

Table 3. Percentage of Root Coverage Calculated From Clinical Parameters (mean ± standard error)
at Different Time Periods (n = 10)

1 Week 2 Weeks 4 Weeks 3 Months 6 Months

Recession depth 0.84 ± 0.20* 1.32 ± 0.31* 1.53 ± 0.26* 1.60 ± 0.18* 1.53 ± 0.22*
Root coverage 72.56 ± 6.74 59.53 ± 8.54 51.73 ± 7.77 49.04 ± 5.69 51.55 ± 6.8

from baseline %

*Statistically significant difference (P < 0.05).

Table 4. Comparison of Gingival Index and Plaque Index Between Collagen-Treated and Non-Treat-
ed Adjacent Sites (mean ± standard error) at Different Time Periods (n = 10)

Baseline 1 Week 2 Weeks 4 Weeks 3 Months 6 Months

Gingival Index
Collagen 0.3 ± 0.2 1.0 ± 0.2 0.9 ± 0.2 0.6 ± 0.2 0.3 ± 0.2 0.2 ± 0.1
Adjacent site 0.2 ± 0.1 0.2 ± 0.1 0.4 ±0.2 0.1 ± 0.1 0.1 ± 0.1 0.2 ± 0.1

Plaque Index
Collagen 0.4 ± 0.2 0.0 ± 0.0 0.8 ± 0.2 0.8 ± 0.2 0.4 ± 0.2 0.1 ± 0.1
Adjacent site 0.1 ± 0.1 0.1 ± 0.1 0.5 ± 0.2 0.4 ± 0.2 0.1 ±0.1 0.3 ± 0.2
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of guided tissue regeneration.8-17 However, these materials
must be retrieved, necessitating a second surgical proce-
dure which in itself may disrupt the process of regener-
ative healing. In addition, non-absorbable barriers have
been associated with a relatively high incidence of mem-

brane exposure37 that can result in unwanted colonization
by oral bacteria, which may limit the amount of new at-
tachment formed and induce further gingival reces-
sion.3738 As outlined earlier, bioabsorbable barriers com-

posed of materials such as type I collagen offer several
advantages over non-absorbable membranes which may
overcome many of these material-related deficiencies and
reduce unwanted tissue-related problems.

Results obtained indicate that the GTR-collagen mem-

brane-based root coverage techniques used here consis-
tently resulted in a reduction of gingival recession and
corresponding root coverage. A statistically significant
mean reduction of 1.66 mm in RD was obtained after
treatment, representing 51.6% of total attainable root cov-

erage. In addition, a statistically significant mean gain of
1.34 ± 0.47 mm CAL was also observed at 6 months
post-treatment. These clinical results are similar to or

slightly less than those reported for traditional grafting
procedures such as free gingival grafts, laterally posi-
tioned flaps, coronally positioned flaps, and connective
tissue grafts (i.e., approximately 36% to 80% of root cov-

erage).39 However, these conventional techniques are of-
ten limited by the need for two surgical sites, availability
of donor tissue, and a potentially unfavorable color and
texture match at the recipient site after healing is com-

plete. Therefore, procedures using the principle of GTR
described here may offer the following advantages over
these conventional techniques: elimination of the donor
site requirement, surgery, and associated morbidity; re-

duction in operatory time required for donor tissue pro-
curement; and availability of unlimited barrier material of
a uniform thickness. However, future studies with con-
trols are needed to test the true benefit of this newly de-
veloped GTR technique when compared to these conven-
tional approaches.

These findings are also in agreement with an earlier
study by Tinti et al.9 in which a mean reduction of 2.5
mm in RD and 55.2% root coverage was achieved using
non-resorbable ePTFE membranes. Comparable and
slightly better results (65% of root coverage) were also
demonstrated by Pini Prato et al. using a bioabsorbable
barrier1111 material.13 In this present report, gains in CAL
were accompanied by reductions in recession depth, al-
though the CAL gain was less than that reported by pre-
vious studies (ranging from 2.60 to 5.12 mm).9 "13"16 Sev-
eral studies have also reported a much higher percentage
of root coverage, ranging from 67% to 83%.'1-17 These
differences in outcomes are difficult to explain but may

"Guidor, Guidor USA, Bensenville, IL.

be partially based on characteristics unique to these par-
ticular studies including the demographics of study par-
ticipants, size of the defects treated, and measurement

techniques employed. Other factors such as operator ex-

perience/surgical skills and the occurrence of a learning
curve during the study may also account for the differ-
ence observed between the studies. The success of GTR
therapy rests heavily upon individual patient factors such
as root prominence, depth òf the vestibule, soft tissue
quality, and compliance during the postsurgical period;
whether our small study population (n = 10) presented a

normal distribution of these variables remains unknown.
In addition, as reported by Pini Prato et al.,'1 sites with
deeper recession defects tend to respond more favorably
than shallower sites. Sites selected for therapy in this
study (average recession depth = 3.19 mm) were less
advanced than those used in the majority of previous stud-
ies (average recession depth > 4.5 mm9-16). A major dif-
ference in reported outcomes can also occur if different
measurement tools or protocols are used. In many earlier
studies,11-17 recession measurements were taken with a

manual probe (with a resolution to 1 mm), in contrast to
the Boley gauge technique (with resolution to 0.1 mm)
used here.

As reported earlier by Tinti et al. and Trombelli et al.,
using ePTFE membranes, we found no change in probing
depths (PD) before and after recession therapy.916 Con-
sidering that root coverage was achieved in these situa-
tions, this finding illustrates a gain in clinical attachment
and suggests formation of a new attachment on a portion
of the covered root surface. In the absence of histological
evidence, it is impossible to determine whether this gain
in attachment is facilitated by formation of a long junc-
tional epithelium, a new connective tissue attachment, or
a combination of both types of healing. However, Cor-
relimi et al.,21 using human histologie material, have pre-
viously shown that root coverage can be accompanied by
formation of a new fibrous periodontal attachment. Ob-
viously, additional studies are required to better under-
stand the nature of the tissue interface between the newly
covered root surface and overlying gingival tissues.

A statistically significant gain in keratinized tissue (KT:
0.9 ± 0.32 mm) was noted at 6 months postoperatively.
The extent of KT obtained in the present study is com-

parable to that reported by Tinti et al. (0.83 ± 0.39 mm),9
Pini Prato et al. (0.56 ± 0.2 mm),11 and Trombelli et al.
(1.10 ± 0.23 mm)14 using ePTFE membranes. Pini Prato
et al. also reported a gain of 0.66 ± 0.29 mm KT using
PLA membranes.13 This increase in KT has been sug-
gested to occur due to formation of new connective tis-
sue.14 However, variations in clinical measurements could
also contribute to the increase of KT since these are only
recorded to the nearest millimeter.

Clinical parameters (i.e., PI and GI) remained relatively
constant at all time intervals during the experimental pe-
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riod, suggesting that surgically positioned collagen mem-

branes were well-tolerated by the host tissues. When
treated teeth were compared to adjacent non-treated teeth,
no increase in visually detectable plaque accumulation
was found. This finding is in agreement with Blumen-
thal24 and Wang et al.31 and Chen et al.,32 who reported
that placement of collagen membranes does not enhance
plaque accumulation or gingival inflammation.

The creation and maintenance of a space between the
root surface and the overlying GTR barrier is considered
essential to the success of guided tissue regeneration ther-
apy. This space is believed necessary to provide a channel
for the migration of progenitor cells toward and onto the
detoxified root surface2940 where differentiation of cemen-

toblasts and formation of a new cementum/RDL is de-
sired. Unfortunately, space preservation in recession de-
fects is often difficult to achieve because the morphology
of the dehiscence tends to allow collapse of the membrane
against the root surface. In previous studies, a variety of
techniques have been used to create and maintain space
along dehisced or exposed root surfaces; these methods
have included grinding the root surface to a concave

shape, bending or everting the membrane with sutures,12
injecting a thick film of fibrin/fibronectin sealing between
the root surface and the membrane,14-16 and using titani-
um-reinforced ePTFE membranes.10 In the present study,
it is possible that space was created not only through the
"tenting" effect of the collagen barrier, but also at later
timepoints of wound healing due to the degradation of
the membrane. Initially, the barrier may create a protected
space where clot formation and cellular proliferation/mi-
gration can occur; later, a secondary space may be created
as the barrier is degraded by host enzymes. When placed
as a wetted material, the collagen barrier is 0.4 mm thick,
and subsequent collagenolytic breakdown of the barrier
may provide a comparable accessory space. It has been
proposed that this "secondary space" may contribute to
the regenerative response on the root side of the barrier26-27
or may cause an increase in the thickness of the gingival
tissues as the barrier is replaced by host connective tis-
sue.41

This study must be interpreted with consideration to
the following limitations: relatively small sample size (pa-
tient  = 10), short evaluation period, the influence of a

learning curve during the study, and lack of a treatment
control. A subsequent study using a larger sample size,
experienced surgeons, an experimental design incorporat-
ing appropriate controls (e.g., a coronally positioned flap
alone and/or a coronally positioned flap with subepithelial
connective tissue graft), and a longer follow-up period
(more than 12 months) is required and will be instituted.
In addition, the formation of new periodontal attachment
cannot be confirmed without accompanying histological
evidence. The barrier may be acting as a GTR device or,
alternatively, may be serving as a collagenous scaffold

beneath the repositioned flap which facilitates wound
healing or connective tissue adaptation (vs. attachment)
to the root surface. Animal-based studies are being
planned to determine the healing dynamics that accom-

pany placement of a collagen membrane under these clin-
ical conditions. However, within the limitations of this
study, the following conclusions can be made: 1) use of
a bioabsorbable collagen barrier material as a root cov-

erage grafting material facilitates gingival coverage of re-

cession defects; 2) root coverage averaged 51.6% and was

accompanied by a gain in clinical attachment (1.34 mm);
and 3) the collagen material used in this study was

well-tolerated by gingival tissues and had no adverse ef-
fects on treated and adjacent non-treated sites.
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