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    Introduction 
 Inadequate keratinized tissue and gingival recession are 
common deformities associated with mucogingival tissue. 
It is recommended to have a minimum of 2 mm keratinized 

gingiva (KG) of which at least 1 mm must be attached, to facil-
itate plaque control, improve patient comfort, and preserve 
periodontal health.   1,2   On the other hand, inadequate KG with 
less than optimum oral hygiene practice leads to gingival 
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Objective  Allogeneic and xenogeneic acellular dermal matrix (ADM) grafts have 
been used to treat periodontal soft tissue defects. The purpose of the current study 
was to compare the effect of human ADM (AlloDerm) and porcine ADM (Derma) on 
human primary gingival fibroblasts  in vitro  regarding the biocompatibility test. 
Materials and Methods  Gingival fibroblasts were obtained from healthy adult gin-
giva and seeded on AlloDerm or Derma ADM in 96-well plate. The control cells were 
grown on a surface-treated polystyrene cell-culture plate without matrix. The cells 
were cultured for 3, 7, and 14 days. The fibroblasts morphology was examined using 
inverted microscopy, and the cell viability of fibroblasts adherent to the dermal matrix 
was evaluated using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) cell viability assay after 3, 7, and 14 days in culture. The data were statistically 
evaluated by one-way analysis of variance.  p -Value of  0.05 was considered significant. 
Results  Gingival fibroblasts adjacent to the AlloDerm and Derma matrices were 
healthy, attached to the well, and did not exhibit any cytopathic changes similar to 
control. There were no statistically significant differences in the cell viability between 
the gingival fibroblasts attached to Derma and AlloDerm on day 3 ( p  = 0.841), 
day 7 ( p  = 0.198), and day 14 ( p  = 0.788). 
Conclusion  Considering this  in vitro  study’s limitations, both human and porcine 
ADM were compatible with the surrounding human primary gingival fibroblasts. 
No significant differences were observed in the cell viability between the gingival 
fibroblasts that were attached to Derma and AlloDerm. 
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recession and its subsequences, hypersensitivity, root caries, 
and esthetic concerns that necessitate gingival augmentation 
and root coverage periodontal surgeries.3,4

Several mucogingival procedures have been suggested 
to treat gingival recession and increase gingival thickness 
including autogenous free gingival graft (FGG) and subepi-
thelial connective tissue graft (CTG).5 The FGG is effective 
for gingival augmentation, while CTG is considered the gold 
standard and the most reliable for gingival recessions treat-
ment.6 Despite the high predictability and excellent esthetic 
results with autogenous soft tissue grafts, there are some 
obstacles. The limited availability, another site surgery, 
patient discomfort, and time-consuming are significant con-
cerns regarding the harvesting of autogenous grafts that lead 
the patient seek alternative treatment options.7

Many biomaterials have been introduced in periodontol-
ogy to substitute and overcome the limited availability and 
morbidity of autogenous grafts. The ideal soft tissue substi-
tute must be biocompatible, promote hemostasis, and gran-
ulation tissue formation without causing an adverse immune 
reaction, healing interruption, or infection. Acellular dermal 
matrix (ADM) graft is processed chemically to remove all 
cells of epidermis and dermis without damaging the base-
ment membrane and the connective tissue matrix. This pro-
cessing method is aimed to maintain the integrity of collagen 
and elastin matrices that act as a scaffolding where epithelial 
cells, fibroblasts, and blood vessels of surrounding tissues 
adhere and incorporate into the newly formed soft tissue and 
finally replaced by host tissues completely.8-10

Several studies have demonstrated that ADM is effi-
cient and equivalent to CTG in treating gingival recession in 
short- and long-term outcomes.11-13 Human ADM (AlloDerm) 
allograft has been used in multiple periodontal surgical 
operations, including root coverage,14 gingival augmenta-
tion,15 ridge deformities repair,15 melanin pigmentation 
removal,16 and guided tissue regeneration.17

Despite the success and comparable AlloDerm results to 
autogenous soft tissue grafts, it has some concerns.18 The 
restricted use in some countries, the potential risk of dis-
ease transmission, and the high cost of human ADM require 
finding another source of soft tissue graft to avoid these 
limitations.

Recently, xenogeneic ADM (Derma) is prepared from por-
cine skin by removing all cellular components of epidermis 
and dermis while keeping the dermal extracellular matrix 
(ECM) intact.19 Previous studies have showed that the porcine 
ADM could be used as a replacement for CTG in the treat-
ment of single gingival recession combined with coronally 
advanced flap (CAF).20 Other studies reported that the por-
cine dermal matrix could be used to augment the thickness 
of keratinized tissue.19,21 Due to the unlimited availability of 
porcine dermal matrix, low cost, and patient comfort and 
acceptance, make it a good substitute replacing human ADM 
or CTG.

Fibroblasts play a significant role in normal wound healing. 
They migrate, adhere, and proliferate rapidly during soft tis-
sue injury. Fibroblasts speed up the healing process through 
formation of collagen and deposition of ECM.22 Additionally, 

fibroblasts synthesize and secrete various growth factors 
which are involved in wound healing, such as vascular endo-
thelial growth factor, keratinocytes growth factors, trans-
forming growth factor, platelets derived growth factors, and 
insulin-like growth factors.23 Fibroblasts can adhere and 
spread successfully on the ADM allograft (AlloDerm), but 
their migration is limited.24 It has been demonstrated that 
the porcine bilayer collagen matrix (Mucograft) is compat-
ible with fibroblasts in vitro25 and porcine dermal matrix 
(Mucoderm)-induced fibroblast proliferation.26

Preliminary clinical data concerning the use of the por-
cine dermal matrix (Derma) have showed promising results. 
However, few studies have compared the porcine and human 
dermal matrix in vitro regarding biocompatibility. In this 
study, we hypothesize that there is no difference between the 
biocompatibility of human and porcine ADM with human 
primary gingival fibroblasts in vitro.

Materials and Methods
Acellular Dermal Matrix
In this in vitro study, two acellular dermal matrices, including 
human dermal matrix (AlloDerm; BioHorizons, Birmingham, 
Alabama, United States) and porcine dermal matrix (OsteoBiol 
Derma, Tecnoss, Giaveno, Italy), were prepared according 
to instructions of the manufacturers. Each matrix was put 
in a Petri dish, cut into 3 × 4 mm pieces, and transferred to 
a 96-well plate (SPL Life Sciences Co., Ltd.; Seoul, Korea).

Cell Culture
Gingival tissues were taken at Dental Teaching Hospital, 
Umm Al-Qura University, from healthy adult individual 
during crown lengthening surgical procedure after acquiring 
the signed informed consent.

The gingival fibroblasts were isolated from the healthy 
gingival tissues according to the method described by 
Mudalal et al.27 The gingival tissues were washed with 
phosphate-buffered saline and incubated in dispase 1 mg/mL 
(Sigma, United States) overnight at 4°C to facilitate separa-
tion of the epithelial layer from the connective tissue. After 
removing the epithelial layer, the connective tissue was 
cut into small pieces with a scalpel blade and placed in 
a 25-mL flask. Culture medium was added to the flask and 
incubated in 37°C incubator with a humidified atmosphere 
containing 5% CO2.

The culture medium was composed of Dulbecco’s modified 
Eagle’s medium supplemented with 10% fetal bovine serum, 
100 U/mL penicillin, 100 µg/mL streptomycin, and 2.5 µg/mL 
amphotericin B (all from Gibco Thermo Scientific, United 
States).

Gingival fibroblasts at the second passage were seeded 
on Derma or AlloDerm dermal matrix at 10,000 cells/well 
in 96-well plate. The control is fibroblasts that were grown 
on a surface-treated polystyrene cell-culture plate without 
a matrix. The cells were incubated in a culture medium at 
37°C in a humidified atmosphere of 5% CO2 for 14 days. The 
medium was changed every 3 days. The cell viability of gin-
gival fibroblasts adherent to the dermal matrix was assessed 
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on days 3, 7, and 14 by 3-(4,5-dimethylthiazol-2-yl)-2,5-dip
henyltetrazolium bromide (MTT) assay.  

  Cell Viability MTT Assay 
 MTT assay measures cell proliferation and cytotoxic-
ity.   28,29   When MTT is taken up by a viable cell, it is enzymatically 
reduced to formazan crystals, which is directly proportional 
to the number of these cells. Briefly, the culture medium was 
discarded, and the dermal matrix, along with the attached 
fibroblasts, was transferred to a new well in the same 96-well 
plate. MTT (ThermoFisher Scientific, United States) solution 
in culture medium (0.5 mg/mL) was added in each well and 
then incubated for 3 hours at 37°C. At the end of the incuba-
tion period, the MTT solution was discarded and formazan 
granules were dissolved by incubation in solvent solution 
(dimethyl sulfoxide:isopropanol at 1:1). After 30 minutes’ 
incubation, the solution was transferred to a new well, and the 
optical density was assessed by microplate spectrophotome-
ter (SpectroStar Nano, BMG Laboratory) at 570 nm.  

  Statistical Analysis 
 The cell viability assays were performed in duplicate and the 
data were analyzed statistically in GraphPad Prism version 
7 (GraphPad Software, Inc., San Diego, California, United 
States). The results were presented as mean ± standard error 
of the mean and analyzed by one-way analysis of variance. A 
p -value  0.05 was considered significant.   

  Results 
  Morphology of Gingival Fibroblasts 
 The morphology of gingival fibroblasts was examined by 
inverted microscopy. The gingival fibroblasts grew out 
from gingival connective tissue after 10 days of culturing 
(   ► Fig. 1A ). The morphology of gingival fibroblasts adjacent to 
the Derma or AlloDerm matrix was compared with the con-
trol cells grown on surface-treated polystyrene cell-culture 
plate without matrix. The gingival fibroblasts next to the der-
mal matrix, were healthy, attached to the well, and did not 
exhibit any cytopathic changes similar to control (  ► Fig. 1 ).     

  Cell Viability Assay 
 The cell viability of fibroblasts adherent to Derma or 
AlloDerm dermal matrix was assessed using MTT cell via-
bility assay after 3, 7, and 14 days in culture (   ► Fig. 2 ). The 
MTT assays showed no significant differences in the cell via-
bility between the gingival fibroblasts attached to Derma and 
AlloDerm on day 3 ( p  = 0.841), on day 7 ( p  = 0.198), and on 
day 14 ( p  = 0.788).      

  Discussion 
 The autogenous soft tissue graft is a reliable treatment for 
root coverage and keratinized gingival augmentation pro-
cedures. Due to limited quantity and patient’s morbidity, 
there was a need for substitutes to treat soft tissue defects. 
Decellularization is the method by which the cellular com-
ponents of tissues that elicit an adverse host response are 

removed while preserving the components of ECM. The 
decellularized ECM provides an immune-compatible sub-
stitute to autogenous tissue graft. Tissue decellularization 
maintains the original ultrastructure and structure of 
the ECM and provides nonimmunogenic matrices.   30   This 
matrix forms scaffolds for fibroblasts, epithelial, and other 
cells as well as the blood vessels from the surrounding tis-
sue to ingrowth and incorporates into the newly formed 
soft tissue.  19   Human and porcine ADM have been used 
to substitute and overcome the shortage of autogenous 
grafts, reduce surgical time, and minimize postoperative 
pain.  7,31,32   

      Fig. 1  The morphology of primary human gingival fibroblasts at 
100× magnification. ( A ) Gingival fibroblast growing from gingival 
connective tissue after 10 days of culturing. ( B ) The gingival fibro-
blasts at the second passage after 3 days of culturing (control). The 
gingival fibroblasts adjacent to Derma ( C ) or AlloDerm ( D ) acellular 
dermal matrix ( ADM ) on day 3 appear similar to control. The con-
trol fibroblasts are grown on surface-treated polystyrene cell-culture 
plate without ADM matrix. 

     Fig. 2  MTT cell viability of gingival fibroblasts adherent to Derma or 
AlloDerm acellular dermal matrix. Gingival fibroblasts were seeded 
on Derma or AlloDerm acellular dermal matrix ( ADM ) in 96-well 
plate. Gingival fibroblasts were grown on surface-treated polysty-
rene cell-culture plate without a matrix. The cell viability of gingival 
fibroblasts adherent to the Derma or AlloDerm dermal matrix did not 
show any statistically significant difference. There is no statistically 
significant difference between Derma and AlloDerm on day 3 ( p  = 
0.841), on day 7 ( p  = 0.198), and on day 14 ( p  = 0.788). The data from 
one representative experiment of three independent experiments 
presented as mean ± standard error of the mean (SEM). 
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In this study, the gingival fibroblasts adjacent to Derma or 
AlloDerm matrix were healthy, attached to the well, and did 
not exhibit any cytopathic changes like control cells which 
were grown on the cell-culture plate without matrix. This 
result showed that human and porcine ADM did not release 
any cytotoxic substance into the surrounding tissues.

In the current study, MTT assay was used to determine the 
viability of gingival fibroblasts on human and porcine ADM. 
After seeding the cells on ADM, the matrix, along with adher-
ent cells, moved to a new well to determine the cell viability 
of only adherent cells and exclude gingival fibroblasts grown 
on polystyrene adjacent to the ADM. No statistically signif-
icant differences in the cell viability between the gingival 
fibroblasts attached to Derma and AlloDerm were observed. 
The cell viability of cells adherent to the dental matrix was 
not compared with control cells because the number of cells 
in control wells was greater than the cells adherent to the 
matrix as the matrix membrane did not cover the entire 
well’s surface. Also, control fibroblasts were grown on the 
surface-treated polystyrene cell-culture plate, which facili-
tates cell adhesion and proliferation. The results of this study 
suggest that the biocompatibility of porcine Derma is equiv-
alent to human AlloDerm.

Several studies have demonstrated similarities between 
human and porcine acellularized dermal matrix. Ge et al33  
have shown a strong resemblance between porcine and 
human ADM histologically, including scaffold structure, col-
lagen structure, and arrangement in vitro. In addition, it has 
been demonstrated that fibroblasts attach and spread on the 
outer surface of human and porcine ADM24,25 and fibroblasts 
adherence on the porcine and the human ADM was similar, 
but fibroblasts infiltration was better in human ADM than 
porcine ADM.34 Regarding cell viability, there were no sig-
nificant differences in cell viability of human fibroblasts and 
human lymphocytes assay between human ADM and porcine 
ADM.33

Additionally, in vivo studies have shown that no difference 
was observed in adhesion and neovascularization between 
porcine and human ADM. However, human ADM has more 
cellular and vascular infiltration and tissue ingrowth into the 
original tissue compared with porcine ADM.35,36

Human and porcine ADM have been used to substitute 
CTG for root coverage and gingival augmentation procedures. 
Regarding the recession coverage procedure, human ADM 
provided adequate root coverage comparable to CTG,37,38 while 
porcine ADM showed less root coverage than CTG.39 However, 
other studies have shown that porcine ADM was compara-
ble to CTG when combined with CAF.40,41 Regarding the 
increase in KG thickness, the porcine ADM showed an ade-
quate increase in KG tissue comparable to CTG42 while the 
human ADM was inferior to CTG.15,38 However, other studies 
have shown that human ADM was comparable to CTG when 
combined with CAF.43

The current study has some limitations worth noting. This 
experiment was conducted on isolated cells grown in cell cul-
ture, and the result represents only the response of these cells 
without considering other surrounding factors such as cell–
cell interaction, recipient site, and host defense mechanisms. 

Another limitation of this study was that fibroblasts infiltra-
tion into the ADM histologically was not investigated.

Conclusion
Considering this in vitro study’s limitations, both human and 
porcine ADM were compatible with the surrounding human 
primary gingival fibroblasts and there was no significant dif-
ference in the cell viability between the gingival fibroblasts 
attached to Derma and AlloDerm.
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