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Abstract
Type I collagen, being the main structural protein of the extracellular matrix, provides optimal conditions for 
cell adhesion and proliferation and can also serve as a system for localized delivery of bioactive molecules. 
However, for a number of clinical conditions, the regenerative capacity of collagen alone remains insufficient, 
which has stimulated the development of combined systems designed to enhance its regenerative potential.
The combination of collagen implants with growth factors and stem cells represents a promising approach 
in regenerative dentistry. This review summarizes clinical studies focused on the use of collagen matrices 
combined with mesenchymal stem cells, dental pulp cells, fibroblasts, as well as with growth factors such as 
PDGF-BB, BMP-2, and FGF-2.
Despite the limited clinical evidence, the integration of collagen with bioactive components already 
demonstrates consistent advantages over conventional treatment methods. Studies show that these 
combined constructs accelerate the regeneration of hard and soft tissues, thereby reducing the need for 
autografts and minimizing surgical trauma.

Keywords: collagen, stem cells, growth factors, guided bone regeneration, guided tissue regeneration

Article info: received – 14.10.2025; revised – 01.12.2025; accepted – 05.12.2025

Conflict of interest: The authors report no conflict of interest.

Acknowledgements: The study was conducted within the framework of the state assignment of the Ministry 
of Health of the Russian Federation, project No. NZAF-2024-0025.

For citation: Voloshin S.Yu., Gadzhieva K.A., Zhalilova K.R., Ashurko I.P., Timashev P.S., Antoshin A.A. Clinical 
application of collagen in combination with growth factors and cells in regenerative dentistry. Endodontics 
Today. 2025;23(4):710–716. https://doi.org/10.36377/ET-0146

Клиническое применение коллагена в комбинации 
с факторами роста и клетками в регенеративной стоматологии
С.Ю. Волошин  , Х.А. Гаджиева  , К.Р. Жалилова  ,  
И.П. Ашурко  , П.С. Тимашев  , А.А. Антошин   

ФГАОУ ВО Первый МГМУ им. И.М. Сеченова Минздрава России (Сеченовский Университет), г. Москва, Российская Федерация
 antoshin_a_a@staff.sechenov.ru

Резюме
Коллаген I типа, являясь основным структурным белком внеклеточного матрикса, обеспечивает оп-
тимальные условия для адгезии и пролиферации клеток, а также может служить системой локальной 
доставки биологически активных молекул. Однако для ряда нозологий регенеративная активность 
коллагена является недостаточной, что стимулировало поиск комбинированных систем, усиливаю-
щих его регенеративный потенциал. 
Комбинация коллагеновых имплантатов с факторами роста и стволовыми клетками представляет 
собой перспективное направление регенеративной стоматологии. Настоящий обзор обобщает ре-
зультаты клинических исследований, посвящённых применению коллагеновых матриц, заселённых 
мезенхимальными стволовыми клетками, клетками пульпы, фибробластами, а также дополненных 
факторами роста PDGF-BB, BMP-2 и FGF-2. 
Несмотря на ограниченность клинических данных, совмещение коллагена с биологически активными 
компонентами уже демонстрирует устойчивые преимущества по сравнению с традиционными мето-
дами лечения. Показано, что такие комбинированные конструкции ускоряют восстановление кости 
и мягких тканей, снижая потребность в применении различных видов аутотрансплантатов и уменьшая 
травматичность хирургических вмешательств. 

Ключевые слова: коллаген, стволовые клетки, факторы роста, направленная костная регенерация, 
направленная тканевая регенерация
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INTRODUCTION
In contemporary regenerative dentistry and maxil-

lofacial surgery, tissue engineering methods utilizing 
biocompatible scaffolds, cells, and growth factors are 
widely applied. Among available biomaterials, colla-
gen matrices, such as sponges and membranes, are 
of particular relevance, since they perfectly imitate the 
extracellular matrix. Type I collagen, which is predomi-
nant in gingival tissues, the periodontal ligament, and 
jawbone, provides mechanical support and a biochemi-
cal environment that promotes adhesion, migration, 
and differentiation of oral cavity cells [1–3]. It demon-
strates hemostatic properties, low immunogenicity, 
and stimulates periodontal fibroblast chemotaxis [4; 5]. 
These characteristics make collagen-based materials a 
widely used tool in guided bone and tissue regeneration 
procedures (GBR/GTR) in dentistry. On the other hand, 
such materials have limitations. Collagen is prone to 
rapid biodegradation, which leads to the loss of implant 
volume and restricts its capacity to support guided tis-
sue regeneration over an extended period. As a result, 
collagen matrices without additional modifications may 
degrade prematurely before the completion of bone or 
soft tissue regeneration [6].

To overcome these limitations, one promising ap-
proach involves combining collagen with growth fac-
tors. Bone morphogenetic protein-2 (BMP-2), bone 
morphogenetic protein-7 (BMP-7), growth differentia-
tion factor-5 (GDF-5), platelet-derived growth factor-BB 
(PDGF-BB), and transforming growth factor-β (TGF-β) 
exhibit strong osteoinductive and angioinductive activ-
ity. They regulate the proliferation, differentiation, and 
migration of bone and soft tissue progenitors. For ex-
ample, it has been demonstrated that loading a colla-
gen membrane with GDF-5 and PDGF leads to a more 
pronounced enhancement of bone formation in experi-
mental in vivo models [7]. At the same time, recombi-
nant PDGF-BB, which is approved for clinical use in 
regenerative dentistry, improves both hard and soft tis-
sue healing and stimulates the activity of mesenchymal 
stem cells (MSCs) [1]. Cell-based therapy is another 
perspective option: autologous mesenchymal stem 
cells derived from bone marrow, periodontal tissues, 
and pulp as well as other cell types can be loaded into 
a collagen scaffold to directly regenerate the damaged 
tissue, thus significantly accelerating and improving the 
quality of regeneration [8; 9].

Collagen-based materials serve as an effective plat-
form for localized delivery of biological agents. They are 
capable of providing sustained release of adsorbed or 
integrated growth factors locally, thereby reducing sys-
temic exposure and minimizing adverse effects [10; 11]. 

Similarly, the three-dimensional architecture of colla-
gen scaffolds is optimal for the attachment and survival 
of transplanted cells, which maintains their functional 
activity for osteogenesis and angiogenesis [1; 12; 13].

This review analyzes current clinical applications of 
collagen matrices combined with living cells and growth 
factors. In evaluating clinical cases, we emphasize not 
only the strengths of these therapeutic strategies but 
also their potential limitations and controversial as-
pects. We hope that this review will serve as a starting 
point for dental practitioners, encouraging the integra-
tion of contemporary tissue engineering approaches 
into everyday clinical practice.

CELL-BASED APPROACH
Mesenchymal and Periodontal Cells

Clinical studies demonstrate that the addition of 
mesenchymal stem cells to collagen matrices enhanc-
es periodontal regeneration. In the randomized trial 
NCT02449005, a biocomplex composed of autologous 
bone marrow–derived MSCs, platelet lysate, and col-
lagen implant (Parasorb® fleece) was evaluated for 
the treatment of intrabony periodontal defects in com-
parison with control groups without cell component. 
At 12  months, the cell-containing group showed the 
most pronounced improvement: probing pocket depth 
decreased from 6.7 ± 1.6 mm to 3.2 ± 1.1 mm, while 
clinical attachment level improved from 7.3 ± 1.5 mm to 
4.6 ± 1.6 mm. Biochemical data showed a >2.5-fold in-
crease in BMP-7 and approximately a 60% reduction in 
TNF-α at 6–9 months, indicating anti-inflammatory and 
osteogenic effects of the collagen matrix with cells [14].

Another example is the trial where cultured gingival fi-
broblasts and associated gingival MSCs (NCT03638154) 
were applied. A collagen membrane with β-TCP gra- 
nules (Collagene AT®) seeded with autologous cells 
produced superior results at 6 months: probing depth 
decreased from 6.8 ± 1.2 mm to 3.5 ± 0.8 mm, while the 
attachment gain reached 3.3 ± 0.9 mm compared with 
2.1 ± 0.8 mm in the cell-free control [15]. Radiographi-
cally, new bone height averaged 3.1 ± 0.7 mm, ver-
sus 1.8 ± 0.6 mm in the cell-free group. During the first 
postoperative weeks, the cell group also demonstrated 
a  1.8–2.3-fold increase in PDGF-BB concentration in 
gingival crevicular fluid, indicating enhanced angiogen-
esis and cell proliferation induced by the cell-loaded 
collagen scaffold.

It is noteworthy that not all studies have achieved sta-
tistically significant superiority for cell-based methods. 
For example, in a clinical investigation [16] where au-
tologous periodontal ligament cell sheets were applied 
(30 patients), their combination with a bone substitute 

https://doi.org/10.36377/ET-0146


712

Volume 23, no. 4 / 2025

(Bio-Oss®) and a collagen membrane (Bio-Gide®) was 
safe and biocompatible, but it resulted in only slightly 
greater bone fill compared with the cell-free control, 
with no statistical significance. The authors emphasize 
the need for larger-scale clinical trials to verify the ad-
vantages of this approach.

In maxillofacial surgery, collagen-MSC constructs 
have proven to be a viable alternative to autogenous 
grafts, offering substantially reduced surgical mor-
bidity. For example, in the randomized controlled trial 
NCT03563495, a scaffold composed of collagen and 
hydroxyapatite (Osteovit®) seeded with osteogenically 
differentiated autologous MSCs was compared with 
augmentation using iliac crest autografts [17]. After 
12 months, the volume of newly formed bone in the test 
group reached 87% ± 5.2, which was comparable to the 
autograft group (89% ± 6.1). Additionally, bone density 
in the MSC group increased from approximately 560 to 
820 HU between 6 and 12 months, whereas in the auto-
graft group it remained stable at approximately 780 HU.

In the trial NCT04545307, allogeneic bone marrow 
MSCs seeded onto an atelocollagen matrix were used 
for revitalization of necrotic pulp in immature teeth [18]. 
After 12 months, all treated cases demonstrated for-
mation of tissue resembling healthy pulp, healing of 
periapical lesions, restoration of tooth sensitivity, and 
partial root apex closure. These findings indicate that 
collagen-based matrices combined with stem cells are 
capable of initiating regeneration of both periodontal 
structures and the pulp-dentin complex.

Allogeneic somatic cells
Collagen matrices combined with allogeneic epi-

thelial and connective tissue–derived cells represent 
a promising approach for restoring keratinized mucosa 
without the need for autograft harvesting. In the study of 
the living cell construct (LCC, CelTx™) [NCT01134081], 
which contained allogeneic fibroblasts and keratino-
cytes on a collagen scaffold, a marked increase in VEGF, 
IL-8, FGF-2, and PDGF-BB levels was observed as early 
as day 7 postoperatively, indicating active secretion of 
regenerative factors. Clinically, the gain in keratinized 
gingival width was comparable to that achieved with 
conventional autografts, while patients in the LCC group 
reported lower pain levels and no complications associ-
ated with donor site tissue harvesting [19].

Similar results were reported in study NCT00587834 
applying the same LLC construct (Gintuit™). At 6 months, 
the thickness of the newly formed keratinized mucosa 
reached at least 2 mm, with color and texture indistin-
guishable from the surrounding intact tissue. Patients 
also preferred this method over traditional free gingi-
val grafts, likely due to its significantly lower invasive-
ness [20].

Dental Pulp Cells
Stem cells derived from dental pulp show promise 

for regenerating both periodontal and jawbone struc-
tures. In the study NCT03386877, microfragments of au-
tologous pulp containing dental pulp stem cells (DPSCs, 
Condress®) were applied onto a collagen sponge and 

placed into periodontal defects ≥6 mm deep [21]. The 
DPSC-loaded scaffold demonstrated superior clinical 
and radiographic outcomes at 12 months compared with 
a cell-free collagen sponge, including greater pocket 
depth reduction (≈4.9 vs 3.4 mm), higher clinical attach-
ment gain (≈4.5 vs 2.9 mm), and increased radiographic 
defect fill (≈3.9 vs ≈1.6 mm). In addition, a substantially 
higher proportion of patients in the DPSC group achieved 
a residual pocket depth <5 mm (≈70% vs ≈29%).

Similarly, in a clinical trial addressing alveolar 
cleft defects in children (NCT01932164), a collagen-
hydroxyapatite matrix (Bio-Oss Collagen®) seeded 
with pulp stem cells from deciduous teeth achieved 
75.6% ± 4.8 bone defect fill at 6 months, comparable 
to the autologous bone group (75.4% ± 4.0) and sig-
nificantly higher than the rhBMP-2 growth factor group 
(59.6% ± 9.9) [22]. By 12 months, new bone volume 
reached 80.4% ± 5.3, continuing to increase due to min-
eralization. Clinically, the stem cell approach was less 
invasive: no complications were observed, whereas 
rhBMP-2 caused pronounced swelling in 37.5% of pa-
tients, while autografts induced donor site pain in 87.5%.

In regenerative endodontics, combining collagen 
with pulp cells enabled the restoration of viable pulp–
dentin tissue. In study [23], autologous dental pulp stem 
cells were implanted into the root canal of an immature 
permanent tooth with pulp necrosis following endo-
dontic treatment, using an atelocollagen-based scaf-
fold. No significant adverse effects were observed over 
24 weeks; by 4 weeks, 4 of 5 treated teeth responded 
positively to sensitivity testing, indicating pulp recovery. 
By 24 weeks, MRI demonstrated formation of intracanal 
tissue resembling normal pulp, and CBCT in 3 patients 
confirmed the development of functional secondary 
dentin.

GROWTH FACTORS-BASED APPROACH
Among different growth factors, PDGF, TGF-β, BMP-2, 

BMP-9, GDF-5, and FGF-2 (fibroblast growth factor-2) 
are of particular interest for clinical use [24–26]. PDGF 
stimulates the proliferation of progenitor cells, TGF-β 
regulates osteoblast differentiation, BMPs initiate os-
teoinduction, and FGF enhances vascularization of the 
defect. In preclinical models, membranes containing 
BMP-9 have demonstrated nearly complete closure of 
bone defects, while PDGF and GDF-5 promoted early 
angiogenesis and cell migration. Although experimental 
data strongly support their effectiveness, the number of 
clinical trials remains limited.

PDGF
In the triple-blind randomized controlled trial 

NCT04462237 involving 30 patients, the addition of re-
combinant PDGF-BB to a Fibro-Gide® collagen matrix 
under a coronally advanced flap for the treatment of 
gingival recessions improved clinical outcomes [27]. At 
6 months, the test group achieved an average root co- 
verage of 88.25% compared with 77.72% in the control 
group, with a concomitant increase in gingival thickness 
of 0.43 ± 0.09 mm from baseline. Patients reported fas- 
ter healing, reduced discomfort, and improved esthe- 
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tics, and morphometric analysis confirmed increased 
soft tissue volume and stability of the outcome.

On the other hand, in studies evaluating post-ex-
traction socket healing, the application of PDGF-BB 
on a  collagen sponge showed only a trend toward in-
creased new bone formation (~+2% versus control) 
without statistically significant differences [28]. Howe- 
ver, pooled analysis confirmed a positive trend and the 
absence of adverse effects, indicating the safety and 
potential benefit of PDGF for accelerating osteogenesis 
in post-extraction defects. These findings are consistent 
with Jayakumar et al. [29], who investigated the effect 
of recombinant PDGF-BB on healing of premolar extrac-
tion sockets. In the test group, GEM 21S (a combina-
tion of PDGF-BB and β-TCP) was applied on a collagen 
sponge (CollaPlug®) and placed into the alveolar soc- 
ket, while the control used a sponge without growth fac-
tors. After 8 weeks, histomorphometric analysis showed 
more active new bone formation in the PDGF-BB group 
(21.3% ± 5.2 versus 17.8% ± 3.8), though the difference 
was not statistically significant (p = 0.09).

Nevertheless, GEM21S proved effective in treating 
gingival recessions with a coronally advanced flap. In 
a clinical study, patients with gingival recessions were 
treated using the GEM21S complex covered with a Hea-
liguide® collagen membrane [30]. At 6 months, root 
coverage in the test group reached 70.24%, compared 
with only 34.76% in the membrane-only group, along 
with greater improvements in clinical attachment and 
keratinized tissue width. Despite the lack of randomiza-
tion, the study demonstrates enhanced soft tissue re-
generation attributable to PDGF.

FGF-2
We did not identify any published results on the com-

bined use of collagen matrices with FGF-2. In the study 
NCT04361630, the safety and preliminary efficacy of 
recombinant human FGF-2 (rhFGF-2) for the treatment 
of periodontal defects were evaluated. Patients under-
went surgical preparation of the affected sites followed 
by application of rhFGF-2 on a collagen sponge placed 
into the defect area. The primary outcome measure 
was keratinized gingival width, with secondary assess-
ments planned for probing pocket depth and clinical at-
tachment level. The study was completed in December 
2019; however, the results have not yet been published.

Nevertheless, the related study using FGF-2 incor-
porated into a cellulose-based hydrogel have shown 
promising outcomes. In a large Japanese trial involving 
253 patients, application of 0.3% FGF-2 in hydroxypro-
pylcellulose gel after surgical treatment of intrabony 
defects demonstrated a significant increase in bone fill 
compared with placebo (50.6 ± 31.5% vs. 15.1 ± 21.9%), 
with an average clinical attachment gain of approxi-
mately 2 mm [31]. Improvements persisted at 72 weeks, 
and no serious adverse events, including ankylosis or 
hyperostosis, were observed.

Results from another multicenter randomized clini-
cal trial (NCT01728844) confirmed a dose-dependent 
effect of rhFGF-2 combined with β-tricalcium phosphate 
(β-TCP). At 6 months, linear bone growth was 3.7 mm 

in the 0.3% FGF-2 hydrogel group versus 3.1 mm in the 
control, with defect fill percentages of 75% versus 63%, 
and clinical attachment gains of +3.0–3.6 mm [32]. No 
adverse events or antibodies to rhFGF-2 were detected.

Collectively, these data conf﻿irm the safety and ef-
ficacy of local FGF-2 application as a stimulator of an-
giogenesis and periodontal tissue regeneration. Com-
bining FGF-2 with a collagen carrier may be even more 
effective, as the collagen scaffold provides prolonged 
retention of the growth factor within the defect, gradual 
protein release, and an optimal microenvironment for 
periodontal cell migration and proliferation [13].

BMP-2
Bone morphogenetic protein-2 delivered via col-

lagen matrices has been extensively studied for en-
hancing osteogenesis. In a randomized trial by Alon-
so  et  al.  [33], children with alveolar clefts underwent 
defect reconstruction using Infuse® Bone Graft con-
taining rhBMP-2 on a resorbable collagen sponge or 
autologous iliac bone grafting. At 12 months, complete 
defect closure and tooth eruption were observed; bone 
fill volume was 74.4% versus 80.2% (p = 0.176), and 
bone height was 65.0% versus 86.6% (p = 0.001) in the 
rhBMP-2 and autograft groups, respectively. Notably, 
87.5% of patients in the autograft group reported donor 
site pain, whereas only transient swelling occurred in 
37.5% of patients in the rhBMP-2 group.

Similar findings were reported by Canan et al. [34], 
where Infuse® Bone Graft was also used for alveolar 
cleft closure in children. At 6 and 12 months, cone-
beam computed tomography revealed comparable new 
bone volume and bone attachment levels between the 
rhBMP-2 and autograft groups, with consistent bone 
bridge formation and tooth eruption and minimal inflam-
matory response. Collectively, these studies confirm 
that rhBMP-2 delivered on a collagen matrix promotes 
osteogenesis equivalent to autologous bone while sub-
stantially reducing donor site morbidity.

Collagen sponges with BMP-2 have also demon-
strated effectiveness in preserving the alveolar ridge 
after tooth extraction. In a pilot RCT [35], extraction 
sockets were filled with a collagen sponge (Spon-Tiss®) 
containing rhBMP-2, compared with natural healing. At 
12 weeks, vertical resorption of the buccal cortical plate 
was significantly reduced in the BMP-2 group (~1.8 mm 
less than control). Although alveolar width did not dif-
fer between groups, maintenance of buccal height has 
clinical relevance, reducing the need for subsequent 
augmentation prior to dental implantation.

In study NCT05719181, dental implant placement 
with rhBMP-2 on an absorbable collagen sponge 
was compared with conventional placement [36]. At 
24 weeks, stability scores were higher in the rhBMP-2 
group, particularly in the mandible (71.7 vs. 69.9), al-
though the difference was not statistically significant.

In NCT01541345, the use of xenogeneic bone mate-
rial Bio-Oss Granulat® with rhBMP-2 and coverage with 
a Bio-Gide® membrane was compared with autologous 
bone graft for ridge reconstruction [37]. At 4 months, 
alveolar ridge width was 5.35 mm in the rhBMP-2 group 
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and 5.15 mm in the autograft group, with no significant 
difference.

Thus, BMP-2 incorporated into collagen carriers 
can accelerate bone formation, enhance graft density, 
and improve early implant osseointegration without 
adverse effects such as ectopic bone growth or im-
mune-mediated inflammation. 

CONCLUSION
The combination of collagen matrices with biologi-

cal agents, cells and growth factors, demonstrates 
considerable potential in regenerative dentistry and 
maxillofacial surgery. Clinical studies indicate that such 
systems enable faster and higher-quality regeneration 
of periodontal tissues, alveolar ridges, and dental pulp 
compared with unmodified collagen matrices.

The use of mesenchymal stem cells, dental pulp 
stem cells, and allogeneic epithelial cells on collagen 
scaffolds achieves osteo- and angioinductive effects 
comparable to autologous grafting, while reducing 
procedural invasiveness and associated risks. Ho- 
wever, despite demonstrated safety, many clinical tri-
als are limited by small sample sizes and short follow-
up periods (6–12 months), highlighting the need for 
larger randomized studies with long-term outcome  
assessments.

We consider that future advances in tissue enginee- 
ring for dentistry are expected to focus on the develop-
ment of standardized bioactive systems with controlled 
molecule release and the ability to tailor cell compo-
nents to specific defect types and patient needs, poten-
tially leveraging 3D bioprinting technologies.
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