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Background: Gingival recession (GR) defects can be
treated by various methods, including acellular dermal ma-
trix (ADM) or coronally advanced flaps (CAFs). The aim of
this histomorphometric experiment is to compare the effi-
cacy of ADM and CAF for treating GR defects in dogs.

Methods: In eight beagle dogs, a critical-size labial GR de-
fect was surgically induced on bilateral maxillary cuspids un-
der general anesthesia. Test sites received ADM and CAF,
and control sites underwent CAF treatment alone. Plaque in-
dex (PI), bleeding index (BI), and gingival index (GI) were
measured at 4 weeks (baseline), 8 weeks, and 16 weeks.
Width of keratinized gingiva (KG) was determined at baseline
and at 16 weeks. Depth of recession and width of GR below
the cemento-enamel junction (CEJ) was also determined. After
4 months, animals were sacrificed, and jaw blocks were his-
tomorphometrically assessed for tissue thickness and distance
from the stent to the gingival margin (GM) and to the CEJ.

Results: At 4-, 8-, and 16-week intervals, there was no
significant difference in the BI, GI, and PI at the test and con-
trol sites. At 16 weeks, thickness of KG was significantly
higher at the control sites than test sites (P <0.01). There
was no difference in the midfacial recession depth and reces-
sion width at the test and control sites at baseline and before
euthanasia (16 weeks). Histomorphometrically, there was no
significant difference in tissue thicknesses and distances
from the stent to the GM and CEJ in the test and control sites.

Conclusion: ADM might yield similar results to a CAF
alone and could decrease the amount of KG. J Periodontol
2013;84:1172-1179.
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V
arious treatment strategies have
been proposed for the treat-
ment of gingival recession (GR)

defects.1,2 One of the earliest tech-
niques used for root coverage was the
thin free gingival graft (FGG) tech-
nique.3-5 The thin FGG was later mod-
ified as the thick FGG; however, the
efficacy for root coverage remained
dubious.6,7 Although this technique
showed acceptable outcomes in shal-
low recession defects, the overall pro-
cedure was a failure.6,7 Nearly three
decades ago, the connective tissue
graft (CTG) was introduced for ridge
augmentation and then for root cover-
age.8,9 Using CTG, successful GR de-
fect coverage may be achieved with
less donor tissue because re-
vascularization occurs from both the
periosteal or osseous base and the
overlying flap.7,8 Coronally advanced
flaps (CAFs) and their modifications
have also been used for treating re-
cession defects.10-12 Compared to
other root coverage procedures, CAFs
provide a better contour and color
match to the site and do not require
a donor site.10 However, lack of height
and thickness of gingiva apical to
the recession may limit the use of
CAFs. Simultaneously, GR treated with
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traditional flap designs such as the lateral sliding
flap facilitate only a limited amount of bone and
cementum formation.13

Acellular dermal matrix (ADM) is harvested from
human dermis and processed to remove all cellular
and epidermal components. It maintains its struc-
tural framework with intact proteins, collagen fi-
brillar network, elastin filaments, hyaluronan and
proteoglycans, and basement membrane, thus be-
ing able to serve as a soft tissue graft.14 ADM has
been indicated for root coverage procedures and
soft tissue as well as ridge augmentation.15,16 Un-
limited supply and a less invasive surgery are the
benefits of using ADM; however, its drawbacks in-
clude the lack of creeping attachment, healing
by connective tissue adherence, and a need for
adequate blood supply to facilitate graft inte-
gration.17-19 Successful treatment outcomes in
terms of root coverage or gain of keratinized tissue
have been documented over time.20,21 However, in
a comparative clinical study, Carney et al.19 re-
ported no statistically or clinically significant dif-
ferences in root defect coverage, keratinized tissue,
clinical attachment level, or clinical healing for
treatment of GR with a CAF and ADM.

Some studies22-26 have assessed factors that
may influence root coverage protocols. These fac-
tors may be classified as anatomic, patient-related,
and surgical factors. Anatomic factors that influence
root coverage procedures include height of adja-
cent bone, dimensions of the adjacent interdental
papilla, size of the defect, and flap thickness.22-26

Surgical factors, including operators’ clinical
skills,27 flap tension,28 and root surface preparation
techniques,29 have been demonstrated to influence
outcomes of root coverage procedures. With regard
to the regeneration of periodontal tissues, newly
formed connective tissue attachment with collagen
fibers inserting into cementum and bone are favored.
This may occur provided cells, such as periodontal
ligament cells, osteoprogenitor cells, and/or ce-
mentoblasts, are able to proliferate over the denuded
root surface.30 It has been reported that ADM
maintains space to allow for angiogenesis and tis-
sue remodeling and increases the volume of at-
tached gingiva and connective tissue.31 Clinical
results by Aichelmann-Reidy et al.31 demonstrated
that ADM may be a useful substitute for autogenous
connective tissue grafts in root coverage pro-
cedures. The authors therefore hypothesized that
root coverage using ADM is more effective in
treating GR defects compared to traditional CAF
regimens.

The purpose of the present histomorphometric
study is to compare the efficacy of ADM and tradi-
tional CAF procedures for treating GR defects.

MATERIALS AND METHODS

Ethical Guidelines
The study was approved by the research ethics re-
view committee of the Engineer Abdullah Bugshan
Research Chair for Growth Factors and Bone Re-
generation, 3D Imaging and Biomechanical Labo-
ratory, College of Applied Medical Sciences, King
Saud University, Riyadh, Saudi, Arabia. This study
was also performed in accordance with the guide-
lines approved by the Council of the American Psy-
chological Society for the use of animal experiments.

Study Animals
Eight female beagle dogs (mean age: 19 – 1 months;
mean weight: 13.8 – 1 kg) were used. All dogs
were prevaccinated against rabies and infectious
hepatitis. The dogs were kept in individual cages
and on a soft diet throughout the study period.

Study Protocol
All non-surgical and surgical procedures were
performed under general anesthesia using in-
tramuscular (IM) injections of ketamine¶ (10 mg/kg
body weight) and local anesthesia with xylocaine
(with epinephrine 5 mg/mL).# IM antibiotics**
(25 mg/kg body weight) were administered a day
before and at the time of surgery. In all dogs, full-
mouth scaling and root planing (SRP) was per-
formed using an ultrasonic scaler†† and hand
curets.‡‡ Removal of the keratinized tissue and full-
and partial-thickness flap elevation were carried
out using a sterile surgical blade #15 with two re-
leasing incisions on the mesial and distal sides
(Figs. 1A through 1C). A critical-size labial gingival
recession defect (5 mm from the cemento-enamel
junction [CEJ] and 5 mm mesial to distal) was
surgically induced on both maxillary cuspids (Fig.
1D) by water-cooled sterile diamond and carbide
burs and chisels. Hand instruments§§ were used to
remove cementum from the root surface. SRP was
performed on the root surface using an ultrasonic
scaler and hand curets. As reference points, coronal
(along the CEJ) and apical notches (at the level of
alveolar crest) were made using a round diamond
bur (Fig. 1D)

In each dog, two maxillary cuspids were randomly
divided into two groups by picking a paper from
a brown bag marked either ‘‘test site’’ or ‘‘control
site.’’ Control sites were treated by CAF alone (Figs.
1E and 1F). Test sites received placement of
an ADM membraneii in addition to CAF (Figs. 1G

¶ Pfizer, Sandwich, Kent, UK.
# AstraZeneca for Dentsply Pharmaceutical, York, PA.
** NorBrook Laboratories, Newry, Down, UK.
†† NSK, Westborough, MA.
‡‡ Hu-Friedy, Chicago, IL.
§§ NSK.
ii Dermis, Zimmer Dental, Carlsbad, CA.
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and 1H). In the test sites, the ADM membrane
was trimmed and extended beyond the defect by
3 to 4 mm. Resorbable sutures¶¶ were used to
secure the membrane to the tooth surface. In the
test and control sites, flaps were passively posi-
tioned to cover the defect and primary closure was
achieved using interrupted resorbable sutures.
Postoperatively, antibiotics## (25 to 50 mg/kg IM
every 8 hours) were continued for 5 days. All
dogs received full-mouth SRP and application of
0.12% chlorhexidine*** via sterile cotton buds for
4 weeks. Sutures were removed 2 weeks after surgery.

Clinical Parameters
In the test and control sites, plaque index (PI),32

gingival index (GI),32 and bleeding index (BI)33 were
measured at 4, 8, and 16 weeks. The following pa-
rameters were assessed: 1) width of keratinized
gingiva (KG) at baseline right after surgery (con-
sidered as zero time) and at 4 and 16 weeks; 2)
distance from stent to the gingival margin (GM); 3)
distance from stent to CEJ; 4) depth of midfacial
recession; and 5) width of GR below the CEJ.

Euthanasia and Histomorphometric Assessment
After 4 months of treatment, all dogs were sacrificed
by an overdose of 3% sodium pentobarbital.†††

Jaw segments containing the test and control
sites (including the bone) were removed en bloc

using an electric saw.‡‡‡ All
the blocks were washed in
saline solution and immedi-
ately fixed in 10% formalin.
They were then processed to
obtain thin ground sections.§§§

The specimens were dehy-
drated in an ascending series
of alcohol rinses and embed-
ded in a glycolmethacrylate
resin.iii After polymerization,
the specimens were sectioned
along their longitudinal axis
with a high-precision diamond
disk at about 150 mm and
ground down to about 30 mm
in the buccolingual plane at
0.1-mm intervals. Per speci-
men, three sections situated at
the central region of the gin-
gival recession were prepared
that identified the coronal and
apical notches. The slides
were stained with acid fuchsin
and toluidine blue. The slides
were observed in normal
transmitted light under a mi-
croscope¶¶¶ and polarized-

light microscopy.### Histologic and histomorpho-
metric analysis were performed using a micro-
scope**** connected to a high-resolution video
camera†††† and software program.‡‡‡‡ This optical
system was associated with a digitizing pad§§§§ and
a histometry software package with image capturing
capabilities.iiii

A single investigator (GI) masked to the samples
from the test and control sites collected the data.
The histomorphometric measurements were 1) dis-
tance from the CEJ to the GMs and 2) buccolingual
tissue thickness at two points, that is, 2 mm below
the GM and at the coronal part of the stent (Fig. 2).

Statistical Analyses
Statistical analyses were performed using statisti-
cal software.¶¶¶¶ The paired t test was used to

Figure 1.
A through C) Removal of the keratinized tissue and elevation of full- and partial-thickness flaps. D)
Placement of coronal (along the CEJ) and apical notches (at the level of alveolar crest). E and F) Control
sites being treated by CAF alone and sutured. G and H) Test sites being treated by placement of
a resorbable collagen membrane in addition to CAF and sutured.

¶¶ Vicryl 5-0, Ethicon, Somerville, NJ.
## AstraZeneca for Dentsply Pharmaceutical.
*** Sunstar Americas, Chicago, IL.
††† Vortech Pharmaceuticals, Dearborn, MI.
‡‡‡ Leica SP 1600, Leica Microsystems, Bannockburn, IL.
§§§ Precise 1 Automated System, Assing, Rome, Italy.
iii Technovit 7200 VLC, Kulzer, Wehrheim, Germany.
¶¶¶ Leitz Laborlux microscope, Leitz, Wetzlar, Germany.
### Leitz.
**** Laborlux microscope, Leitz.
†††† 3-CCD JVC KY-F55B, JVC, Yokohama, Japan.
‡‡‡‡ Intel Pentium III 1200 MMX, Intel, Santa Clara, CA.
§§§§ Matrix Vision GmbH, Oppenweiler, Germany.
iiii Image-Pro Plus 4.5, Media Cybernetics, Immagini & Computer, Milan,

Italy.
¶¶¶¶ SPSS v.18.0, IBM, Chicago, IL.
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assess the effect of the treatments, guided tissue
regeneration–based root coverage, and CAF in
the test and control group respectively. Data were
expressed in millimeters as mean – SE values.
P <0.05 was considered statistically significant.

RESULTS

Clinical Parameters
PI, BI, and GI at 4-, 8-, and 16-week intervals. At 4-,
8- and 16-week intervals, there was no statistically
significant difference in the mean scores of GI, BI,
and PI at the test and control sites (Table 1).

Width of keratinized gingiva. At 4 weeks, there
was no significant difference in the width of KG in
the test and control sites. At 16 weeks, width of KG
was significantly higher in the control sites com-
pared to the test sites (P <0.01; Table 2).

Distances between the stent
and the GM. There was no sig-
nificant difference in the dis-
tance from notch to the GM and
to the CEJ at the test and
control sites at 4 weeks and 16
weeks (Table 2).

Histomorphometric Analyses
Tissue thickness and distances
from the base of notch to GM
and to the CEJ. There was no
statistically significant differ-
ence in the mean tissue thick-
ness, distance from the base of
the notch to the GM, and dis-
tance from the GM to the CEJ
at the test and control sites
(Table 3).

Tissue morphology. At low-
power magnification, gingival
mucosa constituted by oral
epithelium (OE) and lamina
propria (LP) was observed in
the control sites. OE showed
different degrees of keratiniza-
tion, especially on the vestib-
ular side. In the LP, small
vessels can be detected. The
gingival connective tissue was
in contact with the root ce-
mentum and the notch (N in
Fig. 3A), where a small gap
(arrow in Fig. 3B) only in the
most coronal portion can be
observed. Small and large
blood vessels and low-grade
inflammatory infiltrate were
detected (Fig. 3C). At low-

power magnification, gingival mucosa constituted
by OE and LP also can be seen in the test sites.
OE showed different degrees of keratinization,
especially on the vestibular side (Fig. 4A). In the
LP, small vessels (asterisks in Figs. 4B and 4C)
can be detected. The gingival connective tissue is in
contact with the root cementum as well as with
the notch, where a small gap only in the most-
coronal portion can be seen. Small blood vessels
and rare lymphocytes can also be seen (Fig. 4B).

DISCUSSION

The present results showed no significant differ-
ences between the test and control sites with ref-
erence to PI, GI, BI, tissue thickness of KG, and
distances from the base of the notch to the GM and
to the CEJ. These results are in accordance with

Figure 2.
Histomorphometric parameters:A) FromCEJ to the GMs (arrows);B) bucco-lingual tissue thickness at two
points, that is, 2 mm below the GMand at the coronal part of the notch (N; dotted lines). (Acid fuchsin and
toluidine blue; original magnification ·6.)
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previous studies,20,21 which showed that CAF and
ADM can be successfully used for the treatment of
GR defects. Similar results were also reported when
collagen membrane was used as the graft material.34

The authors’ results are in agreement with these
findings.

Owens and Yukna35 investigated the resorption
rates of various barrier membranes in the oral
cavity of dogs. The results demonstrated that at 1
month, all membranes showed slight-to-moderate
degradation; at 2 months, all membranes had
moderate-to-severe degradation; whereas at 3

months, all membrane types had severe degrada-
tion to not identifiable.36 It is therefore tempting
to speculate that early degradation of ADM mem-
brane in the present study may be responsible for
yielding outcomes similar to the control group.

The present results showed no statistically sig-
nificant difference in the clinical (PI, BI, and GI)
and histomorphometric parameters between the
test and control sites at 4-, 8-, and 16-week
intervals. It is tempting to speculate that early re-
sorption of ADM (within the first month of place-
ment) may have inhibited new tissue-forming cells

Table 1.

GI, BI, and PI at Test and Control Sites at 4-, 8-, and 16-Week Intervals

Time Interval and Site GI (mean – SE) BI (mean – SE) PI (mean – SE)

At 4 weeks
Test sites 0.75 – 0.16 1.00 – 0.26 0.87 – 0.22
Control sites 0.50 – 0.18 1.00 – 0.26 0.75 – 0.25

At 8 weeks
Test sites 2.250 – 0.31 1.62 – 0.31 0.00 – 0.00
Control sites 1.375 – 0.32 1.25 – 0.36 0.00 – 0.00

At 16 weeks
Test sites 0.500 – 0.26 0.875 – 0.22 0.125 – 0.12
Control sites 0.500 – 0.26 0.500 – 0.26 0.00 – 0.00

Table 2.

Width of KG, Distance From Notch to GM and CEJ, Recession Depth, and Recession
Width at Test and Control Sites at 4- and 16-Week Intervals

Time Interval

and Site

Width of KG

(mm; mean – SE)

Stent to GM

(mm; mean – SE)

Stent to CEJ

(mm; mean – SE)

Midfacial Recession Depth

(mm; mean – SE)

Recession Width Below

CEJ (mm; mean – SE)

4 weeks
Test sites 4.14 – 0.38 3.07 – 0.44 4.14 – 0.67 3.28 – 0.32 8.57 – 0.48
Control sites 4.35 – 0.32 3.50 – 0.42 4.21 – 0.53 3.28 – 0.28 8.00 – 0.57

16 weeks
Test sites 2.35 – 0.34* 4.78 – 0.88 4.00 – 0.91 0.64 – 0.26 3.07 – 0.81
Control sites 4.64 – 0.54* 3.78 – 0.39 2.50 – 0.95 0.28 – 0.14 1.78 – 0.87

* P <0.01.

Table 3.

Histomorphometric Outcomes of Tissue Thickness and Distance From the Base of the
Notch to GM and CEJ at Test and Control Sites

Histomorphometric Parameters Test Sites (mm; mean – SE) Control Sites (mm; mean – SE) P Value

Tissue thickness 758.77 – 178.43 827.85 – 77.89 0.47

Distance from the base of notch to GM 2,517.28 – 719.43 4,160.2 – 641.2 0.44

Distance from GM to CEJ 474.3 – 650.39 271.37 – 701.76 0.22
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from populating at the test sites, thereby yielding
results similar to those of the control sites. This may
also be an explanation for the histomorphometric
results that showed width of KG to be significantly
greater at the control sites compared to the test
sites at 4 months in the present study. These results
contradict previous studies,15,16 which showed that
root coverage with ADM increased thickness of KG
compared to root coverage performed without using
ADM. These studies15,16 propose that the presence
of collagen fibers in the ADM membrane facili-
tates root coverage by stimulating platelet at-
tachment, enhancing fibrin linkage, and having a

chemotactic effect on fibro-
blasts.16 However, in a recent
systematic review, Hoffmänner
et al.36 indicated that in Miller
Class I and II recessions, root
coverage by CAF can yield
predictable outcomes, and the
use of bioabsorbable mem-
branes with CAF is effective in
Miller Class III recessions.

The results of the present
study also show no significant
difference in tissue thickness-
es and distances from the
notch to the GM and CEJ in
the test and control sites. This
probably can be explained by
the thick tissue biotype noted
in this study, which di-
minished the ability of ADM to
increase tissue thickness.
Another possible explanation
is the high resorbable rate
noted with ADM as reported
by others.37-40 Studies by Wei
et al.38,39 showed �30%
to 40% shrinkage, and Yan
et al.37 reported 78% shrink-
age at 3 months that became
82% at 6 months. Harris40

also demonstrated a signifi-
cant ADM shrinkage at 4 years
of follow-up. Interestingly, some
studies37-41 have reported that
although both CTG and ADM
increase the gingival thickness,
a greater improvement occurs
in sites treated with CTG.
However, other experimental
studies42,43 that compare CAF
with or without ADM in treat-
ment of GRs showed suc-
cessful outcomes in gaining

gingival thickness with the adjunctive use of ADM.
Studies10,29 have reported that the size of the

induced defect may influence the outcome of root
coverage protocols. Pini-Prato et al.29 reported that
root coverage is greater when GR is >4.98 mm. In
the present experiment, size of the defect is in
accordance with that recommended by the Pini-
Prato study29; however, no significant influence of
defect size on root coverage is observed. Further
studies regarding the influence of GR size on root
coverage are required.

It is well known that systemic conditions (such
as poorly controlled diabetes and impaired glucose

Figure 3.
Histomorphometric results at the control site. (Acid fuchsin and toluidine blue.) A) Different degrees of
keratinization can be detected in the oral epithelium. The notch (N) can be seen. (Original magnification
·12.) B) A small gap (arrow) is present in the coronal portion of the notch. (Original magnification ·40.)
C) Low-grade inflammatory infiltrate. (Original magnification ·100.)

Figure 4.
Histomorphometric results at the test site. (Acid fuchsin and toluidine blue.)A) Low-power magnification of
gingival mucosa, constituted by OE and LP, which is in contact with dentin (D) at the notch level. (Original
magnification ·12.) B) Small blood vessels (*) and rare lymphocytes. (Original magnification ·40.)
C) Inflammatory exudate and blood vessels (*). (Original magnification ·100.)
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tolerance) and tobacco habits (e.g., cigarette
smoking) jeopardize periodontal healing.44-46 It is
hypothesized that the clinical outcomes of ADM
and CAF treatments may vary among individuals
who are immunocompromised and habitual con-
sumers of tobacco; however, further studies are
warranted in this regard. Furthermore, in the
present experiment, tissue regeneration was at-
tempted in the absence of any adjunctive bio-
mimicry therapies. Recent studies47-49 have
reported that biomimicry agent (such as enamel
matrix derivative [EMD]) proteins promote tissue
repair and regeneration at defected sites. These
studies47-49 revealed that EMD proteins exhibit the
potential to enhance the healing of standardized
epithelial wounds, induce cementogenesis, and
increase the thickness of gingival tissues. It is
therefore hypothesized that treatment of GR
defects using ADM with adjunct EMD therapy
may enhance gingival tissue thickness and yield
positive outcomes in terms of root coverage.
However, it remains to be determined whether
these surgical procedures under strict oral hy-
giene measures would be effective in the treat-
ment of GR defects in chronic users of tobacco
and alcohol.

CONCLUSION

Within the limits of the present experiment, it is
concluded that ADM might yield similar results to
CAF alone and could decrease the amount of KG.

ACKNOWLEDGMENTS

The authors would like to thank the College of
Dentistry Research Center and the Deanship of Sci-
entific Research at King Saud University, Saudi Ara-
bia, for funding this research project (Research
Project #NF 2380). The authors report no conflicts
of interest related to this study.

REFERENCES
1. Kim DM. Periodontal plastic surgery procedures re-

duce localized gingival recession defects. J Am Dent
Assoc 2011;142:850-851.

2. Langer B, Langer L. Subepithelial connective tissue
graft technique for root coverage. J Periodontol
1985;56:715-720.

3. Mlinek A, Smukler H, Buchner A. The use of free
gingival grafts for the coverage of denuded roots.
J Periodontol 1973;44:248-254.

4. Matter J. Creeping attachment of free gingival grafts.
A five-year follow-up study. J Periodontol 1980;51:
681-685.

5. Remya V, Kishore Kumar K, Sudharsan S, Arun KV.
Free gingival graft in the treatment of class III gingival
recession. Indian J Dent Res 2008;19:247-252.

6. Miller PD Jr. Root coverage using the free soft tissue
autograft following citric acid application. III. A suc-
cessful and predictable procedure in areas of deep-

wide recession. Int J Periodontics Restorative Dent
1985;5(2):14-37.

7. Jahnke PV, Sandifer JB, Gher ME, Gray JL, Richardson
AC. Thick free gingival and connective tissue auto-
grafts for root coverage. J Periodontol 1993;64:315-
322.

8. Langer B, Calagna L. The subepithelial connective
tissue graft. J Prosthet Dent 1980;44:363-367.

9. Langer B, Calagna LJ. The subepithelial connective
tissue graft. A new approach to the enhancement of
anterior cosmetics. Int J Periodontics Restorative Dent
1982;2(2):22-33.

10. Mazzocco F, Comuzzi L, Stefani R, Milan Y, Favero G,
Stellini E. Coronally advanced flap combined with
a subepithelial connective tissue graft using full- or
partial-thickness flap reflection. J Periodontol 2011;
82:1524-1529.

11. Humayun N, Kolhatkar S, Souiyas J, Bhola M. Mucosal
coronally positioned flap for the management of
excessive gingival display in the presence of hyper-
mobility of the upper lip and vertical maxillary
excess: A case report. J Periodontol 2010;81:1858-
1863.

12. Froum SJ, Tarnow D. Modified coronally positioned
flap for obtaining new attachment in Class 2 and 3
furcation defects. Part I: Rationale and surgical tech-
nique. Int J Periodontics Restorative Dent 1995;15:
462-473.

13. Caffesse RG, Kon S, Castelli WA, Nasjleti CE. Re-
vascularization following the lateral sliding flap pro-
cedure. J Periodontol 1984;55:352-358.

14. Allen EP. AlloDerm: An effective alternative to palatal
donor tissue for treatment of gingival recession. Dent
Today 2006;25:48, 50-52, quiz 52.
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