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Introduction

Periodontitis is a multi-factorial long-standing disease that 
affects the supporting tissues of the teeth. According to the 
2017 World Workshop on the Classification of Periodontal 
and Peri-Implant Diseases and Conditions it is classified 
by a staging and grading system. Its more severe forms 
(stages III/IV) are greatly prevalent, with an affected pop-
ulation range between 10.8% and 19% worldwide.1 
Periodontitis leads to alveolar bone loss, which is normally 
categorized in two patterns: horizontal and vertical. This 
last type corresponds to an irregular type of bone 
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resorption that is known to be particularly harmful to the 
prognosis of the affected tooth.2 Intrabony defects are a 
type of bone lesions of vertical or angular nature, where 
the alveolar crest adopts a coronal position with respect to 
the most apical part of the periodontal pocket.2 This entity 
usually has different types of configurations depending on 
the amount of remaining bony walls, which will (among 
other factors) guide the clinical treatment of choice for its 
resolution.2 It has been shown that in intrabony defects 
there is a tendency for deep probing depths to remain after 
non-surgical periodontal therapy and, therefore, these are 
sites with a propensity for progression of periodontitis and 
consequent tooth loss.2 It has been reported that sites with 
residual probing depths of 6 mm or more have a 10 times 
greater risk of loss compared to sites with probing depths 
of 3 mm or less. Additionally, sites with grade II or III fur-
cation compromise present an additional 5–13 times higher 
risk of suffering the same consequence compared to molars 
without furcation compromise.2–4 Matuliene et  al. ana-
lyzed tooth survival and risk factors associated with tooth 
loss in 172 patients treated for periodontitis. The follow-up 
consisted of a mean time of 11.2 years. They described a 
much higher odds ratio for tooth loss when residual perio-
dontal pocket depths (PPD) were 5 mm or higher, reaching 
an odds ratio of 37.9 and 64.2 at site and tooth level respec-
tively when PPD was ⩾7 millimeters.5 Therefore, bony 
defects with a vertical component are often considered to 
require surgical intervention beyond cause-related perio-
dontal therapy, in order to decrease the probing depth, 
increase the attachment gain at the expense of minimal 
gingival recession and reduce the possibility of further 
periodontal breakdown. Today the surgical approach of 
preference considers minimally invasive accesses and 
adjunctive use of biomaterials for regenerative purposes.5 
Guided tissue regeneration (GTR) is a therapeutic princi-
ple and a surgical technique introduced in 1982 that came 
to revolutionize surgical periodontal treatment. Unlike 
other treatment strategies whose purpose is to achieve per-
iodontal healing through the development of a long epithe-
lial attachment, the goal of GTR is to regenerate periodontal 
ligament, cementum and alveolar bone ad integrum.4,6,7 To 
accomplish this task, a blocking barrier has to be placed at 
the defect site, to avoid the migration of cells that lack of 
osteogenic potential.4,6,7 Despite GTR has proven to be 
successful, results regarding the amount of regenerated 
periodontal tissue are still highly heterogeneous.2 Some of 
the disadvantages that today’s available biomaterials have, 
are: accelerated degradation rate, inadequate antibacterial 
properties, insufficient bioactivity and, therefore, disjunc-
ture with the surrounding tissues.8 To overcome these 
boundaries, engineers have created new possibilities 
through the development of new biomaterials. One bioma-
terial with promising potential in guided bone regeneration 
is Polycaprolactone (PCL). This semi-crystalline aliphatic 
polyester is FDA approved, biocompatible, has adequate 

mechanical strength, better degradation rate than collagen 
membranes, good handling, ability to be designed and 
manufactured at low cost and to integrate components 
(such as bioactive molecules, growth factors, mesenchy-
mal stem cells, minerals (like hydroxyapatite), etc.) that 
have the potential to enhance bone regeneration. Moreover, 
its use in medicine has been extensive in the regeneration 
of ligament, vascular tissue, cartilage, nerves and skin.8,9 
In accordance with the above, PCL could be part of a new 
generation of bioactive materials that promotes regenera-
tion of periodontal defects in a more predictable and effi-
cient manner, providing the necessary conditions for the 
regeneration, in particular, of the alveolar bone.

Methods

Protocol and registration

The development of this study was based on the PRISMA 
guidelines. The corresponding registration in PROSPERO, 
ID CRD42022339366.

Acceptability standards

Inclusion and exclusion standards.  For the conduction of this 
research, we selected contemporary studies in which 
guided bone regeneration was accomplished with the use 
of scaffolds with a macrostructure made of PCL, either 
alone or in combination with other constituents, such as: 
stem cells, molecules and/or biopolymers. The inclusion 
standards were as follows:

•• Articles written in English or Spanish language.
•• Scaffold with a structure based upon PCL for regen-

eration of alveolar bone lost due to periodontitis.
•• Available information about biocompatibility, min-

eralization potential, Alkaline Phosphatase activity 
and osteogenic expression of genes Osteonectin, 
Osteopontin, Runx-2 and/or collagen type I.

•• Study design: randomized controlled studies.

Case reports, editor letters, reviews and studies without 
explicit ethical committee approval were excluded from 
our study. Reference period of research was between years 
2002 and 2023.

Information sources

In order to identify the most up-to-date research regarding 
the application of PCL-based scaffolds in periodontal 
regeneration we used the following databases: PubMed, 
EBSCO, Scielo and Web of Science. No strings were set up 
in respect of the constituents added to the PCL scaffold. 
The following keywords were used to conduct our research: 
“Polycaprolactone scaffold” OR “PCL scaffold” AND 
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“Alveolar bone regeneration”; “Polycaprolactone scaffold” 
AND “Periodontal regeneration”; “Polycaprolactone 
scaffold” AND “intrabony defect” OR “intraosseous 
defect”; “Polycaprolactone scaffold” AND “Periodontal 
disease”; “Polycaprolactone scaffold” AND “Guided tis-
sue regeneration” OR “Periodontal regeneration” NOT 
“dental implant.” Time limit in each Database was set up 
to the year 2002.

Research selection and recording methods

Study election was assessed by two reviewers (F.A, F.T) 
separately. After screening by title, abstract and ultimately 
by full text reading, qualified articles were chosen follow-
ing inclusion and exclusion requirements, imported and 
organized in a specific data portfolio in the software 
Zotero®. Three researchers (F.A, F.T, C.K) contributed in 
the data processing stage. The following information was 
retrieved from each study: Design of the study, in vitro 
and/or in vivo analysis and components that integrated the 
PCL scaffold. Three separate spreadsheets were design, in 
which data regarding: cell proliferation and viability 
assays, mineralization potential assays (described as 
Alizarin Red staining assay and Alkaline Phosphatase 
Activity) and RT-PCR for gene expression of osteogenic 
markers (Osteonectin (ON), Osteocalcin (OCN), Runx-2, 
Alkaline Phosphatase (ALP) and collagen type I (col-I)) 
from every included study was collected. The primary out-
come was referred to these dimensions. The second out-
come was referred to information available on degradation 
rates of the PCL-based scaffolds, both descriptive and 
quantitative data, among the selected studies.

The Flow chart used for the selection of the studies is 
shown in Figure 1.

Risk of bias assessment

Sixteen studies were conducted in vitro, assessing the 
properties of the above-mentioned PCL scaffolds. Quality 
assessment was provided by the QUIN tool to assess the 
risk of bias of in vitro studies.10 The QUIN tool includes 12 
points with scoring and grading options. For each item, the 
lowest score was =0 (Not specified) and the highest score 
was =2 (Adequately Specified). After the evaluation, the 
lowest record was equal to 5, the highest record was equal 
to 15, and on average the quality of the articles was evalu-
ated to be equal to 9.93 (Table 1). Overall, the osteo-induc-
tive ability of PCL-based scaffolds to provide alveolar 
bone regeneration was analyzed with unequivocal meth-
ods. Operator details, randomization, outcome assessor 
details and blinding got, in general, the worst score among 
the selected studies.

For the studies that were conducted in vivo, quality 
assessment was provided by the Newcastle Ottawa Scale.11 

The lowest record was 5, the highest was 9, and on average 
the quality of the articles was evaluated to be equal to 6.7 
(Table 2). Definitions of control and comparability were, 
in general, the most poorly described.

Results

Study selection and characteristics

The process of article selection is put on view in Figure 1. 
In the initial search, a total of 252 records were detected 
from the following databases: Pubmed, Web of Science, 
EBSCO and Scielo. A total of 99 records were recorded 
after removal of duplicates. Then records were screened 
by title and abstract and 32 studies were selected for full 
article evaluation. After this stage, 17 studies were finally 
selected for this systematic review. After assessing the 
quality of the selected studies using The QUIN tool for in 
vitro studies and Newcastle-Ottawa for studies with an in 
vivo experimental phase, they were submitted to data col-
lection process. The 17 selected studies were randomized 
controlled studies with and in vitro and/or in vivo experi-
mental design. In all studies PCL scaffolds were combined 
with other components, such as: Simvastatin,18 Magnesium 
Phosphate,26 Magnesium Oxide,19 Cerium Oxide nanopar-
ticles,22 Strontium-doped nanohydroxyapatite,14 Poly-
lactic-co-glycolic-acid,20 Jagged-1 protein,12 zinc oxide,25 
adipose-derived mesenchymal stem cells,15 bioglass and 
Copper-doped bioglass,24 nanohydroxyapatite15,23,heparin-
dopamine/heparin-dopamine and Bone Morphogenic 
Protein-2,21 polydopamine,16 calcium phosphate27 or 
recombinant human cementum protein I.13 One study eval-
uated osteogenic potential with two different manufactur-
ing processes: coaxial electrospinning and single nozzle 
electrospinning.19 Eleven studies were conducted in vivo. 
These studies used the following experimental animal 
design: 30 cranial defects in rats13,22,12 femur defects in 
New Zealand white rabbits,23 70 periodontal defects in 
rats,16,17,25,26 subcutaneous implantation in rats18,27,10 peri-
odontal defects in sheep28 and 18 periodontal defects in 
mongrel dogs.15

Biocompatibility

Cell proliferation and viability was evaluated in 16 from 
17 studies. Four of them used the MTT (3-[4,5-dimethylth-
iazol-2-yl]-2,5 diphenyl tetrazolium bromide) assay with 
human periodontal ligament cells,12,13 mouse fibroblasts 
(cell line L929),12 human bone osteosarcoma epithelial 
cells (U2O2)14 and adipose-derived stem cells (ADSC).15 
Four studies evaluated cell viability with Live/Dead assay, 
using the following cell sources: mouse fibroblast cell line 
(L929)12 and human periodontal ligament cells.16–18 Seven 
studies evaluated cell proliferation on scaffolds using Cell 
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Counting Kit-8 on human periodontal ligament cells17–22 
and rat bone marrow stromal cells (rBMSCs).23 One study 
applied the MTS assay to evaluate viability on alveolar 
bone marrow-derived mesenchymal stem cells (aBM-
SCs).24 Two studies used Alamar Blue colorimetric assay: 
one on human periodontal ligament stem cells25 and the 
other on human bone marrow mesenchymal stem cells.26 
The studies evaluating biocompatibility with MTT assay 
showed no significant difference in cell viability between 
the groups, considering control as tissue culture plate 
(TCP). The study that compared PCL and PCL with 
hydroxyapatite (HA) showed a slight improvement on cell 
viability with PCL/HA scaffold, associated with increased 

roughness of its surface.12 In the same study, cell viability 
of PCL and PCL/HA membranes were not altered when 
immobilized Jagged1 protein was added, showing that this 
osteogenic inducer does not alter cell viability.12 A multi-
layered scaffold made of PCL demonstrated that the addi-
tion of Strontium (Sr) and nanohydroxyapatite (nHA) 
improved its cell viability.14 The only statistically signifi-
cant difference was at day three, when the absorbance val-
ues of PCL/20Sr-nHA scaffold was significantly higher (p 
value <0.05) than PCL alone.14 In accordance with the last 
study, MTT viability test showed a significant increase in 
adipose – derived stem cell viability when PCL was com-
bined with nanohydroxyapatite and Alginate.15 Human 

Figure 1.  Flow chart of selected studies (based on PRISMA Guidelines).
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alveolar bone marrow stem cells were tested in a PCL/Gel/
Bioglass with and without copper and detected a signifi-
cantly lower initial proliferation in the experimental group 
exposed to Cu-dopped bioglass (p value <0.05). 
Nonetheless, all experimental groups almost reached the 
viability values of the positive control (TCP) at day 
seven.24 The exposure of bone marrow mesenchymal stem 
cells to a magnesium phosphate/PCL based scaffold did 
not altered its viability, showing high metabolic activity 
tested by Alamar Blue assay.26 Another study evaluated the 
effect of the addition of rhCEMP1 into a calcium phos-
phate/PCL/collagen type I scaffold and reported an impor-
tant decrease of cell viability between days one and 
seven.13 Similar effect generated the addition of a higher 
concentration of Zinc Oxide (1% w/w) into a PCL scaf-
fold, showing steadily low levels of cell viability between 
1 and 21 days of culture (p value <0.05).25 The addition of 
other bioactive molecules such as Bone Morphogenic 
Protein-2 provided higher adhesion of hPDLCs in com-
parison with PCL alone, although differences were not sta-
tistically significant.21 In all studies PCL scaffold showed 
greater cell proliferation when combined with other bio-
materials, excepting for some concentrations of compo-
nents with antimicrobial properties that may have had a 
cytotoxic effect. A summary of viability assays of all 
included studies can be seen in Table 3.

Osteogenic potential. Calcium deposits 
formation and alkaline phosphatase activity

Osteoinductive potential of PCL scaffolds was analyzed 
in 12 studies. All of them performed either Alizarin Red 
assay, Alkaline Phosphatase activity assay or both. Only 
one article25 evaluated the percentage of mineralized 
area/total well area in a PCL/Zinc Oxide scaffold using 
Xylenol Orange dye. The addition of Jagged-1 to a PCL/

HA scaffold provided greater formation of mineralized 
deposits and higher Alkaline Phosphatase activity.12 The 
incorporation of Cerium Oxide nanoparticles,22 
Simvastatin,18 Magnesium Oxide,19 Bone Morphogenetic 
Protein-2,21 Magnesium Phosphate26 and Calcium 
Phosphate27 into the PCL scaffold showed improved 
osteoinductive capacities, expressed as higher absorb-
ance values in calcium deposits formation and ALP activ-
ity. The study that included Bone Morphogenetic 
Protein-2 into the PCL scaffold (BMP-2/Hep-PCL) added 
nogging as a BMP-2 suppressor and proved that high val-
ues of ALP activity and calcium deposits were related to 
the BMP-2 released by the PCL scaffold itself and conse-
quent osteogenic differentiation of periodontal ligament 
cells.21 The incorporation of Zinc Oxide raised the levels 
of ALP activity in PDLCs but differences between exper-
imental group and plain PCL did not reach statistical sig-
nificance.25 Regarding PCL scaffolds combined with 
other polymers without bioactive molecules, the study 
from Peng et al. showed that a 50:50 proportion of PCL/
PLGA scaffold provided the best osteoinductive potential 
with statistical significance when compared with 
0.1PCL/0.9PLGA and 0.9PCL/0.1PLGA scaffolds.20 
When analyzing a biphasic scaffold made by two differ-
ent manufacturing techniques: PCL solution electrospin-
ning for the periodontal compartment and PCL melt 
electrospinning for the bone compartment, the cell 
sources that generated the greatest number of mineral-
ized deposits and higher ALP activity were periodontal 
ligament cells and bone marrow stem cells (with no sta-
tistical differences between them) followed by gingival 
cells (p value < 0.05).28 When the alignment of PCL fib-
ers was analyzed (PCL/Gel scaffolds), results showed 
higher ALP activity in PCL scaffolds with a random pat-
tern of fibers.17 A summary of mineralization assays of all 
included studies can be seen in Table 4.

Table 2.  Quality assessment of in vivo included studies based on Newcastle Ottawa scale.

Studies Definition of 
Cases

Representativeness 
of the cases

Selection of 
Controls

Definition 
of Controls

Comparability Exposure Total

Chen et al. 13 + + + + ++ +++ 9
Mansour et al. 15 + + + - +- +-- 5
Hasani-Sadrabadi et al. 16 + + + - +- ++- 6
Xu et al. 17 + + + + ++ ++- 8
Zhao et al. 18 + + + - +- ++- 6
Ren et al. 22 + + + + +- ++- 7
Liu et al. 23 + + + + ++ +++ 9
Nasajpour et al. 25 + + + + +- ++- 7
Golafshan et al. 26 + + + + +- ++- 7
Costa et al. 27 + + - - +- ++- 5
Vaquette et al. 28 + - + - +- ++- 5

+: star assigned; -: star not assigned.
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Table 3.  Results of individual studies: MTT assay, Live/Dead assay, Cell counting Kit – 8 assay, Alamar blue assay and MTS assay.

Autor Biomaterial Type of assay Results

Nowwarote 
et al. 12

1. PCL/hFc
2. PCL/Jagged1
3. PCL/HA/Jagged1
4. PCL/HA/hFc

MTT Assay L929 and hPDLCs 
(OD 570 nm) at 24 hours

Jagged1-immobilized membranes are 
biocompatible with hPDLCs. OD range 
between 0.06 and 0.12 (p value >0.05)

Nowwarote 
et al.12

1. PCL (1gr)
2. PCL/HA (1% w/v)
3. TCP (control)

Live/Dead staining with L929 
cells at 48 hours.

Most of the cells were stained green, 
similar to control.

Chen et al.13 1. ACP/PCL/COL
2. rhCEMP1/ACP/PCL/COL]
3. TCP (control)

MTT assay with hPDLCs (OD 
490 nm, according to basal 
level of cell counting) in days 
1, 3 and 7. Reference: day 7

Highest viability was reached by ACP/PCL/
COL scaffold.
When rhCEMP1 was added, it tended to 
suppress cell growth (p value >0.05).

Porta et al.14 1. PCL
2. PCL/10Sr-nHA (10% w/w)
3. PCL/20Sr-nHA (20%w/w)

MTT assay with U2O2 cells 
(OD 490 nm) on days 1, 3 
and 7.

All scaffold sustained cell proliferation at 
day 7 of culture (p value >0.05).

Mansour 
et al.15

1. PCL
2. PCL/ Alg/ nHA

MTT assay with ADSCs cells 
(OD 570 nm) on day 2 and 7. 
Reference: day 7

1. OD 1.63 ± 0.19.
2. OD 1.95 ± 0.21.
Higher viability in reinforced scaffolds (p 
value <0.05)

Hasani-
Sadrabadi 
et al.16

1. PCL 10% w/w
2. PCL 10%w/w, PDA (2 mg/
ml)

Live / dead assay with hPDLCs 
on day 3, 7 and 14.

PCL/PDA reached the highest viability 
(80%−100%) at all time points (p value 
>0.05)

Xu. et al. 17 1. Random PCL/Gel
2. Aligned PCL/Gel

Cell Counting Kit-8 assay 
(OD 450 nm) and Live/Dead 
assay with hPDLCs on day 7.

Aligned PCL fibers showed higher 
viability, with no statistical differences in 
comparison to random PCL fibers/Gel 
group.

Zhao et al.18 1. PCL
2. PCL/ SIM
3. TCP (Control)

Cell Counting Kit-8 assay 
(OD 600 nm, expressed as % 
with respect to baseline) with 
hPDLCs at day 1, 3 and 5.

No difference between groups at any 
of the time points. Proliferation 300% − 
400% at day 5.

Zhao et al.18 1. PCL
2. 2. PCL/SIM

Live/dead assay with 
hPDLSCs cells on day 5.

Simvastatin concentration does not alter 
cell viability, morphology or adhesion.

Peng et al. 19 1. Blending- Blank
2. Coaxial – Blank
3. Blending-MgO
4. Coaxial – MgO

Cell Counting Kit-8 assay 
(OD 450 nm) with hPDLCs 
on days 1, 3, 5 and 7 days.

The matrix with coaxial structure and Mg 
showed significantly higher cell viability at 
all time-points (p value <0.05).

Peng et al. 20 1. 0.1 PCL / 0.9 PLGA
2. 0.5 PCL / 0.5 PLGA
3. 0.9 PCL / 0.1 PLGA

Cell Counting Kit-8 assay 
with hPDLSCs (OD 450 nm) 
in days 1, 3, 5 and 7.
Reference: day 7

1. OD 2.11 ± 0.20
2. OD 2.33 ± 0.13
3. OD 1.95 ± 0.01
0.5 PCL/0.5 PLGA showed the greatest 
viability on days 5 and 7. (p value <0.05).

Kim et al.21 1. BMP-2 (10 ng) / Hep – PCL
2. BMP-2 (50 ng) / Hep – PCL
3. Hep/PCL
4. PCL
5. TCP (Control)

Cell Counting Kit-8 assay 
with hPDLCs (OD 450 nm, 
expressed as % viable cells vs 
control) at 24 and 48 hours.

All scaffold had near 98% cell viability, with 
no differences with respect to control.

Ren et al.22 PCL/Gel - CeO2 NPs 10ug/ml
PCL/Gel (control)

Cell Counting Kit-8 assay on 
hPDLCs (OD 450 nm) on 
days 1,3,5,7.

CeO2 Nanoparticles provided higher cell 
proliferation, with a p value <0.05 at day 
7.

Liu et al.23 1. PCL/ Gel (PG)
2. PCL/Gel/n-HA (PGH)
3. PCL
4. Control

Cell Counting Kit-8 with 
rBMSCs (OD 450 nm) at day 
1, 4 and 7.

The viability of PGH and PG was 
significantly higher than PCL (p 
value = 0.001 and 0.01 respectively) at all 
time points.

Malekahmadi 
et al.24

1. PCL/Gel
2. PCL/Gel/BG
3. PCL/Gel/Cu.BG
4. TCP (control)

MTS – assay with aBMSCs 
cells (OD 450 nm) in days 1, 
3, 5 and 7.

PCL/Gel/CuBG matrix presented the 
lowest initial cell adhesion (p < 0.05), with 
proliferation that reached its comparators 
at the other time points (p > 0.05).

(Continued)
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Autor Biomaterial Type of assay Results

Nasajpour 
et al.25

1. PCL
2. PCL - ZnO 0,5%
3. PCL - ZnO 1%

Alamar Blue Assay with 
hPDLCs on days 1, 7, 14 and 
21.

ZnO at 1% decreased cell viability, p value 
<0.05 vs PCL - ZnO 0.5% and PCL.

Golafshan 
et al. 26

1. 1. PCL
2. PCL/10MgP
3. 3. PCL/20MgP

Alamar Blue assay 
bone marrow derived 
mesenchymal stem cells 
(hMSCs) on days 1, 7 and 14.

Higher cell adherence and proliferation 
was seen at 20MgP-PCL scaffold than PCL 
alone (p value <0,05).

Costa et al. 27 1. PCL N-N
2. PCL N-O
3. PCL CaP – N
4. PCL CaP – O

DNA content of osteoblast 
measured with Pico green Kit 
at 2, 4 and 6 weeks.

Between weeks 2 and 4 the highest 
proliferation rate was detected in PCL 
N-O scaffold (p < 0.05) while at week 6 
the highest viability was reached by PCL 
N-N scaffold (p value <0.05 compared to 
PCL N-O scaffold)

MMT: 3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide; OD: optical density; PCL : Polycaprolactone; HA : hydroxyapatite; L929: 
mouse fibroblasts; hPDLSCs: human periodontal ligament stem cells; U2O2: human osteosarcoma cells; ADSCs: adipose mesenchymal cells; ACP: 
amorphous calcium phosphate; COL : collagen type 1; GP : genipin; HFIP : Hezafluoroisopropanol; rh CEMP1 : human cement protein 1; hPDLCs : 
human periodontal ligament cells; PDA : dopamine hydrocolloid; PLGA : polylactic acid/polyglycolic acid (50:50); aBMSCs : human alveolar bone mar-
row stem cells; rBMSCs: mouse alveolar bone marrow stem cells; aBMSCs : human alveolar bone marrow stem cells; MgP: Magnesium Phosphate; 
PCL N-N: non coated PCL Without Osteogenic media; PCL N-O: non coated PCL with osteogenic media; PCL CaP N/O: PCL coated with Calcium 
Phosphate with/without Osteogenic media.

Table 3.  (Continued)

Table 4.  Results of individual studies: Osteogenic potential in ALP activity assay, Alizarin Red S assay, calcium assay; Xylenol 
orange assay.

Author Biomaterial Type of assay Results

Nowwarote et al. 12 1. PCL Jagged 1
2. PCL/HA Jagged 1

ALP activity assay in hPDLCs 
at day 7 (absorbance)

PCL/HA Jagged 1 promotes 
significantly higher ALP activity 
(p < 0.05).

Nowwarote et al.12 1. PCL Jagged 1
2. PCL hFc
3. PCL/HA Jagged 1
4. PCL/HA hFc

Alizarin Red staining assay on 
hPDLCs at day 14.

PCL/HA induced greater calcium 
deposit formation than PCL 
(p < 0.05). There was no difference 
with PCL/HA Jagged1.

Porta et al.14 1. PCL
2. PCL/10 Sr-nHA (10% w/w)
3. PCL/20 Sr-nHA (20% w/w)

ALP activity assay
in U2OS cells (normalized 
concentration [%]) at day 28.

PCL/10 Sr-nHA reached the highest 
ALP activity (p >0.05), but in an 
inconsistent way in comparison 
with control.

Porta et al.14 1. PCL
2. PCL/10 Sr-nHA (10% w/w)
3. PCL/20 Sr-nHA (20% w/w)

Alizarin Red staining assay in 
U2O2 cells
(5× magnification) days 0-7-
14-28

Significantly higher mineral 
deposition in Sr-containing scaffolds 
vs Monophasic PCL at all time 
points analyzed.

Xu et al.17  1. Random PCL/Gel
2. Aligned PCL/Gel

ALP activity of hPDLCs at day 
7.

Higher ALP activity was identified in 
random oriented PCL/Gel group (p 
value <0,05).

Zhao et al.18 1. PCL
2. SIM-PCL
3. TCP (Control)

Alizarin Red staining assay 
(absorbance value 562 nm) of 
PDLC at day 21.

SIM-releasing scaffolds showed 
significantly more accumulation of 
mineralized matrix (p < 0.0001) 
compared to PCL-alone.

Peng et al. 19 1. Blending-blank
2. Coaxial-blank
3. Blending-MgO
4. Coaxial-MgO

Alizarin Red staining assay 
(absorbance units 562 nm) of 
hPDLCs at day 14.

Coaxial-MgO presented significantly 
higher calcium deposit formation 
(p < 0.0001).

(Continued)
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Author Biomaterial Type of assay Results

Peng et al. 20 1. 0.1 PCL/0.9 PLGA
2. 0.5 PCL/0.5 PLGA
3. 0.9 PCL/0.1 PLGA

Alizarin red staining assay 
(absorbance value 562 nm) of 
hPDLSCs on days 7 and 14.
Reference: day 14.

1. OD = 0.58 ± 0.06
2. OD = 0.70 ± 0.07
3. OD = 0.42 ± 0.04
0.5 PCL/0.5 PLGA showed 
significant improvements compared 
with the other groups (p < 0.05).

Peng et al. 20 1. 0.1 PCL/0.9 PLGA
2. 0.5 PCL/0.5 PLGA
3. 0.9 PCL/0.1 PLGA

ALP activity assay (absorbance 
value 520 nm and 560 nm) of 
hPDLSCs cells on days 7 and 
14.

0.5 PCL/0.5PLGA showed statistically 
significantly higher activity compared 
with the other two groups on day 7 
and 14 (p < 0.05).

Kim et al.21 1. PCL
2. Hep-PCL
3. BMP-2 (10 ng)/Hep-PCL
4. BMP-2 (50 ng)/Hep-PCL

ALP activity assay (value in 
absorbance units 405 nm) of 
PDLC at day3,7,10 and 14

BMP-2 group showed higher 
ALP activity in days 10 and 14 
(p < 0.05). BMP-2 (50 ng)/Hep-PCL 
showed a significant difference 
with PCL (p < 0.001) at same time 
points.

Kim et al.21 1. PCL
2. Hep-PCL
3. BMP-2 (10 ng)/Hep-PCL
4. BMP-2 (50 ng)/Hep-PCL

QuantiChromTM Calcium 
Assay Kit – Absorbance 
measurement at 612 nm in 
PDLCs in day 21.

BMP-2 (50 ng)/Hep-PCL showed the 
highest calcium deposits formation 
at 21 days of culture (p < 0,05)

Ren et al.22 1. PCL-GEL (control)
2. PCL-GEL CeO2 NPs 10ug/mL
3. PCL-GEL CeO2 NPs ug/mL
4. PCL-GEL CeO2 NPs ug/mL

ALP activity assay of hPDLCs 
at day 7. Value expressed as % 
with respect to control.

The differences of the comparative 
vs control groups were statistically 
significant (p < 0.05). The highest 
value was obtained by PCL-GEL 
CeO2 NPs 10 ug/mL scaffold.

Ren et al.22 1. PCL-GEL
2. PCL-GEL CeO2 NPs 10 ug/mL
3. PCL-GEL CeO2 NPs 50 ug/mL
4. PCL-GEL CeO2 NPs 100 ug/mL

Alizarin Red staining assay 
(absorbance units at 562 nm) of 
hPDLCs at day 21.

The differences of the comparative 
vs control groups were statistically 
significant (p < 0.05). The highest 
value was obtained by PCL-GEL 
CeO2 NPs 50 ug/mL scaffold.

Nasajpour et al.25 1. PCL
2. PCL ZnO 0.5%
3. PCL ZnO 1%

ALP activity assay (ALP 
expression) of PDLCs cells at 
week 1, 2 and 3.

The maximum amount of ALP 
activity was reported after 
2 weeks of culture. PCL ZnO 0.5% 
presented the highest activity 
values.

Nasajpour et al.25 1. PCL
2. PCL ZnO 0.5%
3. PCL ZnO 1%

Xylenol Orange (% mineralized 
area vs total well area) of 
PDLC cells at week 2.

PCL ZnO 0.5% presented the 
highest values, but there were no 
statistically significant differences 
compared to ZnO 1%.

Golafshan et al.26 1. PCL
2. PCL/10MgP
3. PCL/20MgP

ALP activity assay and Calcium 
content analysis of hMSCs at 
days 7 and 14.

Higher ALP activity was observed 
in MgP groups. Calcium deposits on 
20 MgP was 1.3 and 3.6 times higher 
than those on 10MgP and PCL, 
respectively.

Costa et al.27 1. PCL biphasic N-N
2. PCL biphasic N-O
3. PCL biphasic CaP-N
4. PCL biphasic CaP-O

ALP activity assay in bovine 
osteoblast cells (absorbance). 
Time points were 2, 4 and 
6 weeks.

CaP coating provided greater ALP 
activity at weeks 4 and 6 (p < 0.05)

Vaquette et al. 28 1. �PCL biphasic + Conventional 
culture medium

2. �PCL biphasic + osteogenic 
culture medium.

Alizarin Red staining assay 
(absorbance value 405 nm) on 
GC, Bm-MSC and PDLC cells 
at day 7.

Under osteogenic medium, greater 
formation of calcium deposits was 
detected. Bm-MSC and PDLC 
presented greater potential than 
GC (p < 0.05).

PCL: polycaprolactone; HA: hydroxyapatite; hPDLCs: human periodontal ligament cells; U2OS: human osteosarcoma cells; Sr-nHA: Sr-doped nano 
hydroxyapatite; ALP: alkaline phosphatase activity; PDL: periodontal ligament; PLGA: Poly(D,L-lactic-glycolic); PDLCs: periodontal ligament cells; 
hPDLCs: human periodontal ligament cells; BMP-2: bone morphogenic protein 2; SIM: simvastatin; GC: gingival cell; Bm-MSC: bone marrow-derived 
mesenchymal cells; MgP: Magnesium Phosphate.

Table 4.  (Continued)
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Expression of osteogenic gene markers: 
Osteonectin (ON), osteocalcin (OCN), Runx-2, 
alkaline phosphatase (ALP) and collagen type 
I (Col-I)

A total of 11 studies analyzed the expression of osteogenic 
markers by real-time polymerase chain reaction. When 
PCL scaffolds where blended with bioactive molecules, 
such as: Polydopamine,16 BMP-2,21 nanohydroxyapatite,23 
Simvastatin,18 Zinc Oxide25 or Magnesium Oxide19 the 
mRNA expression levels were considerably higher, reach-
ing statistical differences. The addition of rhCEMP to a 
PCL scaffold combined with amorphous calcium phos-
phate and type I collagen abruptly downregulated the 
mRNA expression of OCN with a p value < 0.05.13 
Additionally, the mRNA expression of Osteopontin felt 
below detectable levels when the same compound was 
incorporated into the scaffold.13 The mixture between PCL 
and PLGA polymers gained its highest osteoinductive 
capacity with a 0.5PCL/0.5PLGA proportion.20 Following 
7 days of culture, OCN and Runx-2 mRNA expression of 
the cells grown on the 0.5PCL/0.5PLGA scaffolds was sig-
nificantly elevated compared with the other two groups (p 
value <0.05).20 The coaxial electrospinning method for 
PCL manufacturing showed to promote higher expression 
levels of Alkaline Phosphatase, yet without the incorpora-
tion of Magnesium Oxide the other osteogenic markers did 
not reach statistical differences.19 When this nanoparticle 
was introduced, all osteogenic markers (Runx-2, ALP and 
col-I) increased their mRNA expression levels, all with 
statistical significance except for collagen type I. When 
aligned PCL fibers were compared with random PCL fib-
ers in a PCL/Gel scaffold, aligned fibers showed greater 
expression of osteogenic markers reaching statistical dif-
ferences.17 A summary of all studies can be seen in Table 5.

In vivo osteogenic potential. Bone regeneration 
experiments in animal models. Micro-CT 
analysis, H&E staining and Masson staining

From all the included studies, 11 reported outcomes on in 
vivo experimental models.
One study15 evaluated the regenerative potential of a PCL 
scaffold enhanced with hydroxyapatite in class II furcation 
defects in mongrel dogs. Seven studies16–18,22,25–27 ana-
lyzed the osteoinductive effect of PCL scaffolds on rat 
models. Four of them created periodontal defects in 
rats.16,17,25,26 Another two PCL-based scaffolds were sub-
cutaneously implanted.18,27 Two study groups inserted the 
scaffold in a rat calvaria defect.19,22 One study28 evaluated 
the regenerative effect of a biphasic scaffold made from a 
combination of melt and solution PCL electrospinning in 
periodontal defects in sheep. PCL based scaffold with 
0.5% concentration of Zinc Oxide were inserted in the 
femur of 12 rabbits.23 The time of the included studies 
ranged between 4 and 10 weeks, with 8 weeks being the 

most frequent time point of analysis. All studies reported 
higher bone formation in experimental groups in compari-
son with empty controls. When bioactive molecules were 
added, such as: Polydopamine,16 n-hydroxyapatite/Heparin 
coating23 or Cerium Oxide nanoparticles22 and Simvastatin18 
the osteogenic potential was enhanced. In the study from 
Vaquette et al. the addition of cell sheets did not provide 
more bone formation compared to PCL scaffold alone.28 
On the contrary, a study that created class II furcation 
defects in 18 dogs showed a higher bone formation rate 
when PCL/Alginate/nano-hydroxyapatite scaffolds were 
pre-seeded with adipose derived stem cells and then 
implanted into the periodontal defect.15 A summary of all 
included in vivo studies can be seen in Table 6.

Degradative properties of PCL scaffolds

Only four studies16,17,20,22 reported outcomes on PCL scaf-
fold degradative properties. The inclusion of bioactive 
molecules, such as Dopamine, tended to increase the deg-
radation rate. Additionally, the exposure of PCL/PDA 
scaffolds to PBS (Phosphate-buffer saline) and hydrogen 
peroxide up to 50 days accelerated its degradation by 20% 
and 40% respectively.30 The presence of PLGA signifi-
cantly accelerated mass loss of the PCL/PLGA scaffolds. 
Complementary, the addition of this polymer tended to 
decrease the pH and in consequence speed up degrada-
tion.20 The addition of Cerium Oxide nanoparticles to a 
PCL/Gel membrane promoted the loss of mass. This could 
suggest that this component increases the degradation rate 
of the PCL membrane.22 According to the study from Xu. 
et al, the arrangement of PCL fibers tends to increase mass 
loss when they are aligned (degradation of 21.4 ± 3.3% the 
first day vs 16.5 ± 5.5% with random fibers) although dif-
ference did not reach statistical significance.17

Discussion

Periodontal tissues get damaged by the establishment of a 
chronic immunoinflammatory disease named periodonti-
tis.29 In its severe forms, periodontitis will cause destruc-
tion of the periodontal ligament attachment and alveolar 
bone which, if left untreated, will ultimately lead to tooth 
loss.2 To prevent this ultimate catastrophic scenery from 
happening, different regenerative strategies have been 
developed that include the use of biomaterials to guide tis-
sue regeneration (periodontal ligament, cementum and 
bone) ad integrum.2,3 Fortunately in the last decade, a great 
breakthrough has been accomplished in the field of tissue 
engineering, with the possibility today to regenerate a 
broad-spectrum of tissues in the human body by means of 
the utilization of biomaterials.30 Scaffolds are a practical 
type of biomaterial that promotes the regenerative process 
in the surgical wound by maintaining space, providing clot 
stabilization and, in case of bioactive scaffolds, enhancing 
cellular proliferation and osteogenic differentiation by the 
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Table 5.  Expression of osteogenic markers, quantified by Real Time Polymerase Chain Reaction (rt-qPCR).

Author Biomaterial Type of assay Results

Nowwarote et al.12 1. PCL/Jagged1
2. PCL/IgG, FC fragment.

rt-PCR of HES1 and HEY1 
mRNA expression.

 Gen expression was up-regulated in 
Jagged-1 coated scaffolds compared 
to hFc coated groups (p < 0.05 for 
HES1 mRNA levels).

Chen., et al. 13 3. ACP/PCL/COL
4. rhCEMP1/ACP/PCL/
COL
5. TCP (Control)

rt-PCR OPN and OCN 
mRNA expression, 7 days of 
culture in OG medium.

ACP/PCL/COL showed significantly 
higher expression of OCN and OPN 
( p < 0.05). No OPN expression was 
detected in rhCEMP1/ACP/PCL/
COL.

Hasani- Sadrabad., et al.16 1. PCL
2. PCL/PDA

 rt-PCR Col I, Runx-2 and 
OCN mRNA expression, 
4 weeks of culture.

In both OG and traditional medium 
culture, the PCL/PDA matrix showed 
higher mRNA expression of col-I 
Runx-2 and OCN than PCL alone (p 
<0.05).

Xu et al.17  1. Random PCL/Gel
2. Aligned PCL/Gel

rt-PCR of ALP, col- I, 
OPN and OCN mRNA 
expression levels of 
hPDLSCs. 7 days of culture.

A significantly higher expression of all 
markers for the aligned group than 
the random group was observed 
(p < 0.005)

Zhao et al.18 1. PCL
2. PCL SIM
3. TCP (Control)

rt-PCR of BMP-2, ALP, col-I 
and BSP mRNA expression.

Significantly higher expression of 
ALP, col-I and BSP in PCL-SIM group 
(p < 0.001) vs PCL and control.

Peng et al.19 1. PCL/gelatin/MgO 
(Blending-MgO)
2. PCL/gelatin (Blending-
Blank)
3. Coaxial-MgO
4. Coaxial-Blank

rt-PCR of ALP, col-I and 
Runx-2 mRNA expression 
levels.
3 days of culture

Matrix with coaxial + MgO 
electrospinning system (Coaxial-
MgO) expressed higher levels of ALP 
and Runx-2 (p < 0.01), while there 
was no significant difference for 
col—I expression.

Peng et al.20 1. 0,1PCL/0,9PLGA
2. 0,5PCL/0,5PLGA
3. 0,9PCL/0,1PLGA

 rt-PCR ALP, Runx-2 and 
OCN mRNA expression 
levels 7 and 14 days of 
culture.

At 14 days of culture the expression 
of Runx-2 and ALP genes in the 
0.5PCL/0.5PLGA matrix were the 
highest with significant differents 
compared to 0.9PCL/0.1PLGA 
scaffold.

Kim et al.21 1. PCL
2. Hep-PCL
3. Hep-PCL. BMP-2(10 ng)
4. Hep-PCL. BMP-2(50 ng)

rt-PCR of OPN and OCN 
mRNA expression levels, 
21 days of culture.

The expression of both markers was 
significantly higher in the Hep-PCL 
BMP-2(50 ng) vs PCL alone group 
(p < 0.001) and vs Hep-PCL/BMP-
2(10 ng) (p < 0.05).

Liu et al.23 1. PCL
2. PCL/GEL
3. PGH
4. TCP (Control)

rt-PCR of Runx-2, col- I and 
BMP-2 mRNA expression 
levels. 7 and 14 days of 
culture

PGH scaffold showed the highest 
levels of gene expression in all 
osteogenic markers studied, with 
statistical differences in day 14 
compared to all the other scaffolds 
(p < 0.01)

Nasajpour et al.25 1. PCL
2. PCL ZnO 0,5%
3. PCL ZnO 1%

rt-PCR of Runx-2 and 
OCN mRNA expression 
levels. 14 days of culture.

Higher expression of both markers in 
the PCL ZnO 0.5% group (p < 0.05), 
with statistical differences compared 
to the other membranes.

Costa et al. et al.27 1. PCL biphasic N-N
2. PCL biphasic N-O
3. PCL biphasic CaP-N
4. PCL biphasic CaP-O

ALP gene expression. DNA 
content measurements.
Time points were 2, 4 and 
6 weeks.

Osteogenic media stimulated a 
higher expresion of ALP. CaP–N 
group displayed higher ALP 
expression at 2 weeks post-seeding 
than the osteoblasts cultured in 
osteogenic media.

PCL: Polycaprolactone; HES1: Hes Family BHLH Transcription Factor 1; HEY1: Hes Related Family BHLH Transcription Factor With YRPW Motif 
1; OCN: Osteocalcin; OPN: Osteopontin; OG: Osteogenic; Runx-2: RUNX Family Transcription Factor 2; Col1: Collagen Type 1; BMP-2: Bone 
Morphogenetic Protein Type 2; BSP: Bone Sialoprotein.
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Table 6.  Results of individual in vivo studies: Micro-CT analysis, H&E and Masson trichrome staining.

Author Biomaterial Type of assay Results

Chen et al. 13  1. ACP/PCL/COL
2. rhCEMP1/ACP/PCL/COL
3. Control (Plastic)

Micro-CT and H&E staining at 
4 and 8 weeks in rat calvarial 
defects.

ACP/PCL/COL scaffold showed 
the highest mineralization volume 
and defect regeneration with 
newly formed bone. p value <0.05 
compared to scaffold with rhCEMP1 
addition.

Mansour et al.15 1. Control (empty)
2. PCL/nHA/Alg
3. PCL/nHA/Alg + ADSCS

18 mongrel dogs. Class II 
furcation defects. H & E staining 
on days 30 and 60 post-
implantation.

Groups 2 and 3 presented more 
bone formation than group one. 
Group 3 showed the highest new 
bone formation rate ( p < 0.005).

Hasani- Sadrabadi 
et al.16

1. Control (empty)
2. PCL
3. PCL-PDA
4. PCL-PDA patterned

16 rats. 3D reconstruction at 
8 weeks post-implantation in 
periodontal defect model in rat.

Greater bone gain was observed 
in membranes containing PDA 
coating. Vertical regeneration was 
significantly higher in groups 3 and 4 
vs 1 (p < 0.001) and 2 (p < 0.05).

Xu et al.17  1. Blank
2. Control (empty)
3. TG/Gel
4. Three dimensional
aligned PCL
5. Three dimensional
random PCL
6. Bio-Gide

Micro-CT and H&E staining at 
4 and 8 weeks in critical size 
periodontal defects in 36 rats.

Regeneration bone density in the 
3DR scaffold group was significantly 
higher than that in the defect 
group (p < 0.05). The bone volume 
fraction of the 3DR group was also 
higher than that of the TG-Gel 
group and the 3 DA group, but 
the difference was not statistically 
significant.

Zhao et al. 18 1. Control (empty)
2. PCL
3. SIM-PCL

H&E and Masson staining 
at week 8 post heterotopic 
subcutaneous implantation in 
athymic mice.

The SIM-PCL membrane showed 
a greater potential to regenerate 
cement-like hard tissue. Masson’s 
staining showed that an organized 
collagen fibrous tissue was closely 
attached to the cementum-like 
calcified tissue layer in both scaffolds.

Ren et al. 22 1. Control (empty)
2. Group PG
3. Group PG CeO2

Micro-CT analysis, H&E staining 
and Masson staining at 4- and 
8-weeks post-implantation in 30 
rat calvarial bone defect.

At week 8, the PG CeO2 scaffold 
showed greater bone formation and 
a higher bone volume/total volume 
ratio (p < 0.05).
PG CeO2 group presented a greater 
amount and greater maturity 
of bone tissue. Bone formation 
reached almost complete fill of 
the defect at week 8 in both 
experimental groups.

Liu et al. 23 1. Control (empty)
2. PGH (PCL/Gel/n-HA)
3. HB (Hybrid bilayer)

12 rabbits. Micro-CT and H&E 
analysis at 5- and 20-weeks post-
implantation in osteochondral 
defect.

Group HB showed the larger 
amount of new bone formation 
(p < 0.01 compared to PGH group) 
and a higher bone volume to total 
volume ratio (BV/TV) at both time-
points (p < 0.01).

Nasajpour et al. 25 1. Control (empty)
2. PCL
3. PCL ZnO 0.5%

Micro-CT analysis at 6 weeks 
post-implantation in periodontal 
defects in 10 rats.

The shortest distance between 
the CEJ and the bone crest was 
obtained in the PCL ZnO 0.5% 
membrane (p < 0.05).

Golafshan et al.26 1. Control (empty)
2. 20MgP-na
3. 20MgP-crsht
4. 20MgP-rnd

Micro-CT, H&E staining and 
Masson trichrome staining 
at 6 weeks in periodontal 
fenestration defects in 12 rats.

20MgP-rnd group had a higher rate 
of complete bone fill. The group 
with interfacial layers achieved 
nearly full bone repair compared to 
partial bone repair in the control 
sham and the group with no 
interfacial layer.

(Continued)
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releasing of osteo-inductive molecular signals to the extra-
cellular environment.30 Innovation in the design and manu-
facture of scaffolds for guided tissue regeneration have 
evolved from inert single-phasic barriers to more complex 
bioactive multiphasic scaffold systems.30 Synthetic poly-
mers have sprung up as an attractive biomaterial for its use 
in clinical settings. Its intrinsic characteristics combine the 
good mechanical strength of non-resorbable membranes 
with the resorbable feature of collagen membranes with 
comparatively slower degradation speed and therefore, 
extended capacity of maintaining space.31 Polylactic acid 
(PLA), polyglycolic acid (PGA), polycaprolactone (PCL), 
and polyethylene glycol (PEG) are some of the most fre-
quent polymers that have been studied for medical applica-
tions.31 PCL is an aliphatic semi-crystalline polymer 
successfully designed to meet the needs of a biomaterial for 
regenerative purposes in the field of tissue engineering due 
to its physicochemical properties.32 It is highly hydropho-
bic, so it is commonly mixed with hydrophilic polymers 
such as Alginate, gelatine and proteoglycans to improve its 
biocompatibility and enhance cell growth and expansion.32 
A great variety of bioactive molecules, growth factors and 
cells may be incorporated into its core or surface to provide 
osteo-inductive and/or antimicrobial properties.9 The scope 
of this systematic review was to identify and summarize 
updated literature regarding the biocompatibility and 

osteo-inductive potential of PCL-based scaffolds for the 
regeneration of alveolar bone defects developed in the 
course of periodontal disease. Studies included in this 
review demonstrated that PCL is highly compatible, yet its 
hydrophobicity clearly modulates cell dynamics, which 
improves when PCL is combined with hydrophilic poly-
mers and coatings.32,33 PLGA, a copolymer made of a com-
bination of lactic and glycolic acid has proven to favor PCL 
scaffolds biocompatibility by enhancing fibroblast growth, 
in in vitro experimental models.34 PLGA also allows to 
modulate the degradation rate of PCL, which is significantly 
low; It takes approximately two and a half years to be com-
pletely resorbed.34,35 On the other hand, surface modifica-
tion by addition of molecules that changes its molecular 
weight and crystallinity, such as: polyethylene glycol, 
ceramics (nano-hydroxyapatite), PLA or PGA have con-
firmed to accelerate this process.36,37 In this study, PCL-
based scaffolds proved its potential to strengthen bone 
regeneration, which increased with the addition of bioactive 
agents. All of them amplified the expression of osteogenic 
markers with the exception of recombinant human cemen-
tum protein I. When this protein was added to a PCL/Type I 
collagen/Amorphous Calcium Phosphate nanoparticles 
scaffold, the expression of Osteocalcin and Osteopontin 
dropped significantly. Surprisingly, Osteopontin levels 
dropped below detectable concentrations. This means that 

Author Biomaterial Type of assay Results

Costa et al. 27 1. N/C PCL biphasic + PDL 
CS
2. N/C PCL biphasic – PDL 
CS
3. N/C PCL biphasic + OB 
BM
4. N/C PCL biphasic + OB 
OM
5. PCL biphasic CaP + OB 
BM
6. PCL biphasic 
CaP-O + OB (osteogenic 
medium)

5 athymic nude rats. 
Subcutaneous implantation.
Micro-CT and H&E staining at 
week 8 post – implantation.

CaP-O scaffold showed the highest 
density of new bone formation in 
comparison with the other groups. 
Bone formation only occurred when 
the scaffold was previously cultured 
in an osteoinductive environment. 
High vascularization was found 
in the bone compartment of the 
scaffold which may have an impact 
on cell survival en tissue remodeling.

Vaquette et al.28 1. Control (Biphasic PCL)
2. Biphasic PCL + GC
3. Biphasic PCL + Bm-MSC
4. Biphasic PCL + PDLCS

Micro-CT and H&E staining at 5- 
and 10-weeks post-implantation 
in periodontal defects in 10 
sheep.

At week 5, the defect was 
approximately 10% regenerated 
(BV/TV). At week 10, regeneration 
increased to 30% except for the 
GC group which had the worst 
performance and remained at 10%.
Bm-MSCs and PDLCs had 
statistically higher periodontal 
regeneration when compared with 
GCs; There was no significant 
difference compared with the 
control group.

PCL: polycaprolactone; nHAP: nano hydroxyapatite; Alg: alginate; ADSCS: adipose mesenchymal cells; H&E: hematoxylin-eosin; PDA: dopamine 
hydrocolloid; PGH: PCL/Gel/n-HA; HB: Hybrid bi-layer; CEJ: amelocementary line; PG: PCL/Gel; SIM: simvastatin; GC: gingival cell; Bm-MSC: bone 
marrow-derived mesenchymal cells; PDLCs: periodontal ligament cells; OBs: osteoblasts; CS: Cell Sheets; BM: Basal Medium; OM: Osteogenic 
Medium; TG-GEL: Transglutaminase/Hydrogel.

Table 6.  (Continued)
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rhCEMP1 had effective cementum induction but did not 
favor bone regeneration. In contrast with this findings, the 
study from Serrano et al. successfully regenerated bone in 
rat calvaria defects using a gelatine matrix loaded with 
rhCEMP1.35 They induced up to 97% of bone regeneration 
after a period of 16 weeks. The regenerative potential of 
PCL scaffolds did not increase when mesenchymal stem 
cells were added, compared with a noncellularized bipha-
sic PCL scaffold.28 The addition of bone marrow, perio-
dontal ligament or gingiva stem cells into the scaffold did 
not provide significant differences during the histomor-
phometry analysis of regenerated tissue at in vivo experi-
mental models. This finding implies that the biphasic 
scaffold by itself has the potential of triggering progenitor 
cells to regenerate periodontal tissues. On the contrary, the 
results from Mansour et  al. 15 revealed that the highest 
regeneration potential of class II furcation defects in dogs 
was achieved when the PCL/Alginate/nanohydroxyapatite 
scaffold was combined with adipose derived stem cells. 
This data is in agreement with other study36 where an 
increased in bone formation was detected when adipose 
stem cells were applied compared with control sites. 
Coaxial electrospinning is a novel manufacturing method 
with the capacity of providing continuous drug delivery. 
Its configuration secures the drug from distressing extra-
cellular conditions and holds it back from blast discharge.37 
The study by Peng et  al. showed that the Coaxial-MgO 
PCL membranes significantly improved hydrophilicity 
and the modulated release of Mg+2 not only augmented its 
osteogenic properties but also provided an excellent anti-
bacterial environment to favor bone regeneration. This 
manufacture method have proven to be useful in different 
scaffold settings for tissue regeneration.38,39 A PLGA scaf-
fold coated with hydroxyapatite and collagen with a 
nucleus of Amoxicillin was manufactured trough coaxial 
electrospinning method by Tang et al. 40 They described a 
steady release of the antibiotic for up to 40 h.40 Other stud-
ies have published the beneficial effect of this manufactur-
ing method on the controlled discharge of BMP-2 in 
guided bone regeneration.41

Conclusions

Our systematic review confirms the validity and potential 
of PCL as a biomaterial for alveolar bone regeneration in 
periodontally affected teeth. It is worth mentioning that 
although several of the articles included in this review 
included data regarding periodontal ligament and cemen-
tum regeneration, the focus of this review was on the 
potential of PCL to regenerate the bony compartment of 
periodontal tissues affected by periodontitis. Considering 
all the analyzed data, the combination of PCL with more 
hydrophilic polymers and/or molecules renders greater 
cell adherence and proliferation, improves its degradation 
rates and provides higher osteogenic potential both at in 
vivo and in vitro experimental settings. Even with the vari-
ety of published articles related to the design of PCL-based 

scaffolds for guided bone regeneration, there are no reports 
of clinical applications to date. Given the proven versatil-
ity and efficiency of PCL stated in this review, we encour-
age research groups to move forward with the validation of 
this biomaterial in clinical settings.
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