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Improved esthetics and plaque con-
trol, reduced sensitivity, and prevention
of root surface caries are primary rea-
sons clinicians have sought pre-
dictability in root coverage for gingival
recession defects. Trombelli stated that
the goal of root coverage grafts was
twofold: (1) to recreate the functional
and esthetic morphology of the muco-
gingival complex, and (2) to regener-
ate the lost attachment apparatus,
including the formation of new cemen-
tum with inserting connective tissue
fibers and supporting alveolar bone.1

Two recent systematic reviews of ran-
domized controlled clinical trials veri-
fied that current soft tissue augmenta-
tion procedures are generally effective
in obtaining root coverage.2,3 In both
reviews, the connective tissue graft
(CTG) technique proved more effective
than guided tissue regeneration (GTR)
in reducing gingival recession. Less
clear, however, is the effectiveness of all
current root coverage procedures to
regenerate the lost attachment appa-
ratus with new cementum, inserting
connective tissue fibers, and alveolar
bone.

The periodontal literature is
replete with articles examining the
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effectiveness of accepted recession-
related therapies to potentially regen-
erate tissues of the lost attachment
apparatus. In reviewing the regenera-
tive potential of GTR, variable and
inconsistent results, from moderately
robust regeneration of the periodon-
tium to the establishment of a long
junctional epithelium (LJE) or a con-
nective tissue attachment, have been
seen.4–7 Studies examining acellular
dermal matrix, on the other hand, have
consistently failed to document posi-
tive regenerative results, finding
instead a consistent histologic pattern
of fibrous adhesion to adjacent root
surfaces or a combination of parallel-
oriented connective tissue fibers and
an LJE.8,9 More positive evidence of
regenerative potential, however, has
emerged from histologic studies
examining enamel matrix derivative,
with definitive, albeit somewhat lim-
ited, evidence for regeneration of
cementum, periodontal ligament
(PDL), and supporting alveolar
bone.10–12 Finally, although a few stud-
ies have suggested that CTGs seem to
be capable of leading to limited regen-
eration, most suggest that healing
occurs through either an LJE or con-
nective tissue adhesion with the root
surface.9,13–17

Although the CTG may be the
most predictable technique for root
coverage, several limitations with its
use exist: (1) obtaining a CTG requires
a remote harvest site, (2) limited
amounts of donor tissue are available
for any given procedure, and (3) an
invasive donor site surgery may lead to
increased morbidity. Given these very
real limitations with the CTG and its
questionable potential for regenerat-

ing missing cementum, PDL, and 
supporting alveolar bone, current
advances in tissue engineering may
offer possible therapeutic alternatives
for the effective treatment of gingival
recession defects, including regenera-
tion of all three tissues of the attach-
ment apparatus.

A recently published pivotal trial
comparing the clinical effectiveness
and safety of beta tricalcium phos-
phate (!-TCP) alone or with recombi-
nantly produced platelet-derived
growth factor-BB (rhPDGF-BB) in the
treatment of significant intrabony and
Class I and II furcation defects led to
U.S. Food and Drug Administration
approval of rhPDGF-BB 0.3 mg/mL on
a !-TCP matrix (GEM 21S, Osteo-
health) for the treatment of intrabony
defects, Class I and II furcation defects,
and gingival recession defects.18 Since
the late 1980s, when it was first dis-
covered that PDGF promoted regen-
eration of cementum, periodontal lig-
ament, and bone, nearly 100 studies
have been published on the stimula-
tory effects of PDGF on chemotaxis
and proliferation of PDL and alveolar
bone cells in both animals and
humans.19,20 Several recent studies
have closely documented the ability of
PDGF to promote histologic evidence
of complete periodontal regeneration
in severe human intrabony and Class
II furcation defects.21–23

Given the positive chemotactic
and proliferative effects of rhPDGF-BB
on PDL and alveolar bone cells as well
as the ability of rhPDGF-BB to regen-
erate the periodontium, McGuire and
Scheyer recently examined the clinical
outcomes of rhPDGF-BB with !-TCP
and a collagen membrane in the treat-

ment of a series of gingival recession
defects, comparing the growth factor–
mediated results to those of the 
current clinical gold standard for root
coverage, the subepithelial CTG.24

Both procedures achieved root cover-
age with no more than 1 mm of resid-
ual recession at the end of 6 months.
The positive results observed with the
PDGF-mediated treatment, especially
when compared to the CTG out-
comes, supported the initiation of a
larger, properly powered clinical trial.

Given the potential of rhPDGF-
BB on appropriate matrices to induce
periodontal regeneration in significant
intrabony and furcation defects, the
primary objective of the current study
was to determine whether it is possi-
ble to achieve similar periodontal
regeneration in gingival recession
defects using rhPDGF-BB placed on
!-TCP and collagen wound dressing
matrices. A secondary objective was to
compare the regenerative responses
of this tissue-engineered approach to
possible regenerative responses asso-
ciated with the subepithelial CTG.

Method and materials

The current study was part of a larger
trial that compared multiple clinical
endpoints in treating recession defects
achieved with rhPDGF-BB or CTG-
mediated therapies. The clinical results
of the current subtrial were not
included in the data of the larger trial;
the sole intent of the current study was
to examine the histologic regenera-
tive responses achieved with either
CTGs or a growth factor–mediated
regimen.
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Patient population 

The gingival recession defects required
for this study were surgically induced
in first premolars slated for extraction
in two patients undergoing orthodon-
tic treatment. The two patients in this
subtrial were referred by an orthodon-
tist to two of the authors’ private prac-
tice in June 2006. The nature of the
study, including potential risks, as well
as the understanding that no clinical
benefit would be gained by recession-
related surgeries, was discussed with
patients, after which informed con-
sents were signed and institutional
review board approval obtained. For

minated exposed root surface, the sur-
gically created defects were left
untouched for 2 months. After this
time, four of the six defects were
grafted with rhPDGF-BB + !-TCP + a
wound healing dressing, and two were
treated with CTGs. In each case a coro-
nally advanced flap was used to cover
the grafted site (Figs 2 and 3). Nine
months later, en bloc resections were
obtained for histologic and micro-
computed tomographic (micro CT)
examination and the resulting alveolar
defects grafted with rhPDGF-BB +
FDBA (Fig 4). Orthodontic treatment
commenced 3 months later.

participating in the study, the patients,
who could not otherwise afford ortho-
dontic care, were given orthodontic
treatment at no cost to them.

Overall study design

First premolar teeth designated for
extraction had recession defects sur-
gically created with the following
characteristics: (1) no more than 2 to
3 mm of keratinized marginal tissue;
(2) osseous crest 2 to 3 mm apical to
the newly created gingival margin;
(3) recession depth of at least 3 mm
(Fig 1). To duplicate a normally conta-
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Figs 1a and 1b (a) Surgically created gin-
gival recession defect with osseous crest 2
to 3 mm apical to the newly created gingi-
val margin. (b) Following 2 months of heal-
ing, gingival margin is approximately 3 mm
apical to the CEJ (outlined in black).

Fig 2 (left) Gingival recession corrected 2
months following defect creation with either
rhPDGF-BB +!-TCP or CTG, each with a
coronally advanced flap.

Fig 3 (right) Nine months following 
correction of the recession defect.

a b



Surgically creating the 
recession defect

Following administration of local anes-
thesia, all but 2 to 3 mm of keratinized
marginal tissue was removed via a gin-
givectomy. An intrasulcular incision
connected to mesial and distal vertical
releasing incisions allowed a full-thick-
ness flap to be elevated. Where nec-
essary, the coronal portion of the buc-
cal cortical plate was removed through
ostectomy to reposition the osseous
crest 2 to 3 mm apical to the newly cre-
ated gingival margin (Fig 1). The
mucoperiosteal flap was then apically
repositioned to create a recession
defect of at least 3 mm and sutured
with 5-0 gut sutures. 

Surgical treatment of 
test and control sites

Two months after creation of the gingi-
val recession defects, both test and
control sites were treated as recently
described by McGuire and Scheyer24

with the following exceptions. In place
of a collagen barrier membrane, a col-
lagen wound healing dressing
(CollaTape, Integra LifeSciences) satu-
rated with rhPDGF-BB was placed over
the test root surfaces and sutured to
adjacent deepithelialized papillae. In
the control group, CTGs were placed in
the usual manner without placement of
an overlying collagen wound healing
dressing. The collagen dressing helps
contain the !-TCP particles, limiting
their migration, and serves as an addi-
tional reservoir for the attachment and
release of PDGF. However, unlike tra-
ditional GTR procedures, which require

occlusive barrier membranes to
exclude migration of unwanted cell
types into the grafted defect, PDGF-
mediated procedures potentially ben-
efit from the osteoblast and mes-
enchymal cell–rich environment of the
overlying periosteum by actively recruit-
ing these cell types into the underlying
graft site.25–27 The use of a porous
PDGF-saturated collagen dressing
allows for both recruitment and chemo-
tactic-mediated migration into the
grafted site of the tissue-regenerating
cells found in the overlying periosteum.
In addition, unlike the earlier feasibility
study,23 reference notches were placed
at the preoperative free gingival margin
and at the alveolar bone crest of all test
and control sites (Fig 5). A randomiza-
tion schedule was used to identify
which teeth would receive the growth
factor–mediated therapy and which
would receive the CTG.
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Fig 4 (left) En bloc resection was per-
formed 9 months following surgical correc-
tion of the gingival recession defects.

Fig 5 (right) Reference notches are seen
at the preoperative gingival margin and
alveolar crest in the surgically created
defects prior to correction of the recession
defect with either rhPDGF-BB + !-TCP or a
CTG with coronally advanced flaps.



Resections of sites and 
grafting of residual defects

Nine months after correction of the
recession defects, conservative en bloc
resection of all teeth was accomplished
as described previously by McGuire
and Cochran in their histologic evalua-
tion of recession sites treated with ena-
mel matrix derivative or CTG.11 Unlike
this latter study, however, the current en
bloc resection was accomplished with
piezosurgical techniques (Fig 4). The
specimens were immediately placed
into separate containers filled with 10%
neutral buffered formalin. 

Immediately following the en bloc
resection, each resected site was
grafted with freeze-dried bone allograft
(Life Net) saturated with rhPDGF-BB
(Fig 6). Three months later, orthodon-
tic closure of all test and control extrac-
tion sites was initiated and continued

microscope and a Leica 6000DRB light
microscope.

Micro CT analysis

The specimens were scanned using a
high-resolution micro CT system (µCT
40, Scanco Medical) in multislice mode.
Each image data set consisted of
approximately 600 micro CT slice
images. The specimens were scanned
in high-resolution mode with an x-, y-,
and z-axis resolution of 16 µm. By appli-
cation of special software (Scanco
Medical), the image data sets were
used to produce three-dimensional
(3-D) views of the specimens.

uneventfully. No postoperative com-
plications were observed in any of the
test or control locations.

Preparation of ground sections 

Fixed samples were dehydrated in a
graded series of ethanols using a dehy-
dration system with agitation and vac-
uum. The blocks were infiltrated with
Kulzer Technovit 7200 VLC resin.
Infiltrated specimens were placedinto
embedding molds, and polymeriza-
tion was performed under ultraviolet
light. Polymerized blocks were sliced
longitudinally on a cutting unit (Exakt).
The slices were reduced by micro-
grinding and polished using an Exakt
grinding unit to a uniform thickness of
30 to 40 µm. Sections were stained
with toluidine blue/pyronine G and
examined using a Leica MZ16 stereo-
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Fig 6 Following en bloc resection of the
treated areas, test and control sites were
grafted with rhPDGF-BB + freeze-dried
bone allograft. 



Micro CT analysis was used to
study the 2-D and 3-D structure of pre-
existing bone and of newly regener-
ated bone in the vicinity of the root.
The 3-D contour of the PDL space was
evaluated and adjacent new bone
connected by a PDL space was exam-
ined in relation to the osseous and
gingival margin reference notches to
verify histologic findings of periodontal
regeneration.

Results

Nine months after correction of the
surgically created recession defects,
both the CTG- and PDGF-mediated
treatments resulted in 100% root cov-
erage at all six sites. Both procedures
led to the restoration of the functional
and esthetic morphology of the
mucogingival complex. However, 
histologic and micro CT examination of

the en bloc specimens revealed dis-
tinct differences in each treatment’s
ability to regenerate new cementum
with inserting connective tissue fibers
and supporting alveolar bone. The his-
tologic ground sections as well as the
micro CT images shown in this paper
represent specimens from multiple
sites and are representative of the find-
ings seen for all grafted sites in this
study.

CTG-treated sites

Neither of the CTG-treated sites exhib-
ited signs of periodontal regeneration.
No evidence of new bone was evident
in either the ground sections or the
samples subjected to micro CT (Fig 7).
In each CTG-treated site, an LJE and
parallel running connective tissue
fibers were seen coronal to the
osseous crest (Fig 8). Other than an iso-

lated image of reactive reparative
cementum within one of the gingival
notches, regenerated cementum was
not seen (Fig 8). Close examination of
ground histologic sections on one
tooth also revealed evidence of denti-
nal resorption adjacent to the previ-
ously placed CTG (Fig 9).

Sites treated with rhPDGF-BB +
!-TCP 

In contrast to the CTG-treated sites, all
four sites grafted with rhPDGF-BB + !-
TCP exhibited signs of regeneration
of cementum, PDL, and supporting
alveolar bone. Significant amounts of
newly regenerated bone coronal to
the osseous reference notches were
seen in both ground sections and
micro CT. Significantly, at several sites
this newly regenerating bone
extended just apical to the gingival
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Figs 7a and 7b Control site images. Both
the micro CT (left) and the ground section
(right) show no evidence of new bone for-
mation. The arrows indicate the osseous 
reference notch.

1mm

1000 µm



notch (Figs 10 and 11). In addition, the
regenerated bone seen in the micro CT
images is mature lamellar tissue anal-
ogous to the lamina dura observed in
dental periapical radiographs. Residual
particles of !-TCP are sometimes seen

in both micro CT and ground section
images inferior to this dense cortical
regenerated bone and appear to be
inhibiting the more robust bone forma-
tion apparent in areas where the !-TCP
has already been resorbed (Fig 12).
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Fig 8 Control site images. The low-power image (a) reveals primarily parallel-oriented CT fibers adjacent to the root surface. The gingival
notch (b) is filled with reactive reparative cementum covered with an LJE. The high-power view (c) reveals a connective tissue adhesive
attachment with no evidence of cementum or supporting bone and parallel-oriented connective tissue fibers. LJE = long junctional epithelium;
D = dentin; PCTF = parallel connective tissue fibers; RC = reparative cementum. 

a b c

Fig 9 Control site. Dentinal resorption
(DR) is seen adjacent to the CTG. 

500 µm 200 µm 200 µm

PCTF

LJE

D

LJE
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Fig 10 (left) Clinical view of test site immediately before treatment with rhPDGF-BB + !-TCP, a collagen wound healing dressing, and a
coronally advanced flap. The osseous and gingival reference notches were placed 2 months following creation of the recession defect. GN =
gingival notch. (center) Micro CT image obtained 9 months after treatment with the growth factor demonstrates significant coronal bone for-
mation almost to the gingival notch. (right) Complete root coverage has been maintained 9 months after treatment with rhPDGF-BB + !-TCP.
MG = marginal gingiva.

Fig 11 (left) Nine months following growth factor–mediated treatment, dense cortical
bone is seen regenerated just apical to the gingival reference notch (GN). ROC = regenerat-
ed osseous crest. (right) In this ground section, both new bone and PDL have formed almost
to the gingival reference notch (GN), confirming the micro CT findings. ROC = regenerated
osseous crest.

Fig 12 In this tranverse micro CT image of
a test site, new bone (NB) has formed coro-
nal to the osseous reference notch (ON).
Coronally, new bone is seen forming superior
to residual particles of !-TCP. 
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1 mm
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ROC
1 mm 500 µm

NB
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In addition to supporting alveolar
bone, regenerated PDL and cellular
cementum were evident in all four sites
grafted with rhPDGF-BB + !-TCP.
Multiple ground sections demonstrate
a uniform PDL space with connective
tissue fibers inserting perpendicularly
into newly regenerated cellular cemen-
tum and bone (Figs 13 and 14).

At 9 months following grafting
with rhPDGF-BB + !-TCP, regenera-

tion of tissues of the attachment appa-
ratus was clearly apparent under
ground section examination. Within
one of the osseous reference notches,
different stages of cementum regen-
eration could be seen. Cementoblasts
were observed actively forming highly
cellular, nonmineralized cementum, or
cementoid. Adjacent to the cemen-
toid, newly mineralized cementum has
formed (Fig 15).
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Fig 13a A well-defined PDL space is seen
in this low-power view of a test site just api-
cal to the gingival reference notch (GN). 

Fig 13b At higher power, perpendicularly
oriented connective tissue fibers are seen
inserting into newly regenerated bone (NB)
and cellular cementum (NC). PDL = peri-
odontal ligament.

GN

NB

PDL

NC

500 µm 100 µm

Fig 14 In this low-power image, newly
formed cementum, PDL, and bone are
observed 9 months following grafting with
rhPDGF-BB + !-TCP. Note the clear demar-
cation between old bone (OB) and newly
regenerated bone (NB), with the latter
extending from the original alveolar crest. 

1000 µm

NB

OB

Fig 15 Test site. Different stages of
cementum formation are seen within an
osseous reference notch. Cementoblasts
(CB) are actively forming cellular nonminer-
alized cementum (cementoid; CO).
Adjacent to the cementoid, mineralized
cementum (NC) has formed. NB = new
bone.

CO
NC

NB

CB

100 µm



By definition, periodontal regen-
eration requires PDL fibers to insert
into both cementum and bone. Under
polarized light, Sharpey fibers were
seen inserting into newly formed
cementum and bone in the region of
the osseous reference notch (Fig 16).
Well-defined connective tissue fibers
were also seen in ground sections
inserting into regenerated cementum
and bone (Fig 17).

Discussion 

As noted, the goals of treatment for
gingival recession defects can be
divided into three main categories: 
(1) restoration of the protective func-
tional morphology of the mucogingival
complex, (2) recreation of the esthetic
anatomic balance between marginal
tissues and the adjacent tooth root and
crown, and (3) regeneration of the lost

attachment apparatus, including the
formation of new cementum with
inserting connective tissue fibers and
supporting alveolar bone.1 Numerous
published reports, including two recent
systematic reviews of randomized con-
trolled clinical trials, have verified the
general effectiveness of current soft 
tissue augmentation procedures to
restore the functional and esthetic mor-
phology of the mucogingival complex
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Figs 16a to 16c Test site. Under polarized light, Sharpey fibers (SF) are seen inserting into newly regenerated bone (NB) and cementum (NC). 
In the ground section, well-defined connective tissue fibers are also seen inserting into regenerated cementum. PDL = periodontal ligament.

a b c20 µm 20 µm 100 µm

NC

PDL

NB

SF

SF

NC
PDL



in recession defects.2,3 Significantly, in
both systematic reviews the subep-
ithelial CTG proved more effective than
GTR in reducing gingival recession. As
such, the CTG is viewed by many clin-
icians as the gold standard of treatment
for recession defects. Less certain, how-
ever, is the ability of CTGs to satisfy the
other major goal of recession therapy,
regeneration of the complete attach-
ment apparatus. Although a few
reported cases have suggested that
CTGs seem to be capable of leading to
limited regeneration, most suggest that
healing occurs through either an LJE or
connective tissue adhesion with the
root surface.9,12–16

In the current study, both the CTG
and PDGF-mediated therapies
resulted in 100% root coverage at 9
months following defect correction for
all six sites. Both procedures led to
restoration of the protective functional
morphology of the mucogingival com-

both treated areas. Of particular note
was the evidence of dentinal root
resorption seen in a ground section of
one of the sites treated with a CTG.
Although infrequent, findings of exter-
nal root resorption following CTG
treatment have been reported in the
literature. Carnio et al reported a case
of severe labial root resorption 2 years
after a clinically successful root cover-
age procedure with a CTG and a coro-
nally advanced flap.28 Following en
bloc resection of the tooth, which was
removed for prosthetic reasons, the
authors found evidence of “replace-
ment resorption,” ie, root resorption
followed by direct deposition of bone
against the resorbed surface. In a sec-
ond case report, Hokett et al demon-
strated severe root resorption and
labial bone loss at reentry 1 year fol-
lowing CTG.29 Given the lack of posi-
tive radiographic findings as well as
maintenance of stable root coverage

plex as well as recreation of the esthetic
anatomic balance between marginal
tissues and the adjacent tooth root and
crown. However, clear and significant
differences were seen in their respec-
tive ability to regenerate new cemen-
tum with inserting connective tissue
fibers and supporting alveolar bone.

Neither CTG-treated site exhib-
ited signs of true periodontal regen-
eration. In both cases an LJE was seen
coronal to the osseous crest. In one
specimen, the LJE was seen covering
reparative cementum that formed
within the gingival reference notch.
Neither site exhibited any signs of new
bone or cementum formation.
Abundant connective tissue had
formed coronal to each osseous notch.
However, the collagen fibers ran par-
allel to the adjacent root surface with
no signs of inserting connective tissue
fibers; this was suggestive of a con-
nective tissue adhesive attachment at

17
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Fig 17 Test site. In a high-power
ground section, connective tissue
fibers are seen inserting into newly
formed cementum (NC) and bone
(NB). SF = Sharpey fibers; PDL =
periodontal ligament. NB

SF

PDL

NC

50 µm



and no patient-generated symptoms,
the authors would not have been
aware of this resorption had the tooth
not been evaluated histologically.
Additionally, there is no way to defini-
tively prove that the CTG was directly
responsible for the resorption.

In contrast to the CTG-treated
sites, all four recession sites treated
with !-TCP saturated with 0.3 mg/mL
rhPDGF-BB exhibited signs of true
periodontal regeneration. Multiple
ground sections of different teeth
demonstrated significant amounts of
new cellular cementum coronal to the
osseous reference notches. Significant
amounts of newly regenerated bone
coronal to the osseous notches, and in
several cases extending just apical to
the gingival reference notches, were
seen. Importantly, connective tissue
fibers representative of a regenerated
PDL were seen under polarized and
nonpolarized light inserting perpen-
dicularly into both newly formed bone
and cementum. 

Information from micro CT 2-D
and 3-D imagery amplified informa-
tion obtained from the histologic
ground sections. Newly regenerated
bone often appeared as mature corti-
cal bone suggestive of a newly formed
lamina dura seen in dental radio-
graphs. Osseous and gingival refer-
ence notches were clearly identified
in the transverse micro CT sections,
allowing appreciation of the coronal
extent of bone formation and often
extending close to the gingival notch.
A well-defined, uniform space was
often seen in transverse images
between newly regenerated cemen-
tum and bone representing the micro
CT equivalent of the PDL seen in the

ground sections. Residual !-TCP par-
ticles are also seen in a number of
images inferior to newly regenerated
bone. As noted in a recently published
study of Ridgway et al23 examining
rhPDGF-BB on !-TCP for the treat-
ment of severe intrabony defects,
residual particles of the bioceramic car-
rier may serve to inhibit a more robust
regenerative response initiated by
PDGF.23 As in the Ridgway et al study,
new bone formation, while present,
appeared diminished in areas occu-
pied by remaining !-TCP particles. 

Three-year follow-up 

To the authors’ knowledge, the current
study is the first to provide definitive his-
tologic evidence of periodontal regen-
eration of recession defects using a
growth factor–mediated treatment.
While the regenerative results of this
study suggest that treatment of reces-
sion defects with PDGF may pre-
dictably lead to formation of new
cementum, inserting connective tissue
fibers, and supporting alveolar bone,
long-term results in naturally occurring
recession defects would further sup-
port evidence of regeneration follow-
ing growth factor therapy. As part of a
long-term follow-up of the earlier fea-
sibility clinical trial, permission was
granted for reentry 3 years following
treatment with rhPDGF-BB + !-TCP
(Fig 18). As noted in the clinical photo-
graphs, 8 mm of labial bone loss
existed prior to treatment. Three years
later, a gain of 2 to 3 mm of supporting
labial bone demonstrates the potential
for a positive regenerative result fol-
lowing growth factor–mediated 

therapy. In addition, the positive gains
in root coverage seen at the 6 months
study time point had been sustained at
the end of three years from initial cor-
rective surgery, further suggesting the
potential of rhPDGF-BB + !-TCP as a
viable alternative to the CTG and other
therapies in the treatment of gingival
recession defects.
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Fig 18 Reentry at 3 years after treatment
with rhPDGF-BB + !-TCP for a significant
gingival recession defect demonstrates 3
mm of labial bone growth.

Fig 18a (left) Presurgical intraoperative
measurements.

Fig 18b (right) Soft tissue root coverage 
6 months following surgical correction.

Fig 18c (left) Soft tissue root coverage 3
years following surgical correction.

Fig 18d (right) Clinical evidence of bone
growth over previously denuded root sur-
face at 3 years.
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