
Systematic Review

Periodontal disease, commonly known as gum disease, is a 
persistent in�ammatory illness brought on by bacterial 
organisms affecting the alveolar bone and the periodontal 
ligament. Gingivitis and periodontitis are some of the 
common periodontal diseases which affect millions of 
people irrespective of age [1]. It is a global health problem 
with differing rates between geographic areas affected by 
dental hygiene habits, individual economic status, and 
available dental services [2]. There is evidence that 
periodontal diseases may have a systemic effect on health 
and if untreated, it may lead to cardiovascular diseases, 
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diabetes mellitus, and adverse pregnancy outcomes [3]. 
This review focuses on the role of Guided Tissue 
Regeneration (GTR) and its techniques as an innovative 
approach to the treatment of periodontal diseases. By 
elevating the regeneration of lost tissues, GTR has the 
potential to address the drawbacks of conventional 
treatments and enhance patient outcomes. The purpose of 
this review is to evaluate present techniques and 
approaches of GTR, highlight clinical advantages and 
limitations by observing patient outcomes, and suggest 
future applications based on the results obtained. While 

Periodontal disease is a bacterial infection that affects gums, alveolar bone and periodontal 

ligaments. An innovative approach to treat such infections is guided tissue regeneration which 

helps in the regeneration of tissues which are lost by this disease. Objectives: To assess the 

appropriateness of guided tissue regeneration procedures in periodontal management and 

evaluate the clinical bene�ts for patients. Methods: An intensive review of literature was made 

using PubMed, Science Direct and Google Scholar, by considering articles published between 

2020-2024. Some of the analysed works investigated the effectiveness of guided tissue 

regeneration techniques as compared to other traditional methods of periodontal treatment. 

The parameters that have been evaluated include tissue repair, decrease in periodontal 

pocketing, gain in clinical attachment, and the aesthetic crown height index. The studies have 

been sourced from America, Europe and Asia. Results: Results from the studies highlight the 

e�cacy of guided tissue regeneration techniques in the tissue repair process. It signi�cantly 

highlights the improvements in dental attachment levels, long-term periodontal health and 

pocket reduction. However, variation in patients and their speci�ed underlying conditions 

remain. Conclusions: It was concluded that guided tissue regeneration appears to provide an 

effective line of treatment for periodontal disease with the prediction of long-term therapeutic 

outcomes. Further studies should be carried out to enhance the properties of guided tissue 

regeneration materials and application methods to obtain more consistent results.  
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conventional treatment methods like Scaling and Root 
Planning (SRP) and surgical surgeries focus on the 
treatment of infection and in�ammation, the GTR method 
is designed to form new lost periodontal tissues including 
bone, ligament, and cementum [4]. GTR employs the use of 
barrier membranes, which avoid the proliferation of 
epithelial cells in the wound site and provide a chance for 
the growth of periodontal tissues. Heterogeneous GTR 
techniques are classi�ed according to the membranes 
used: cellulose acetate, polyvinyl pyridine, polyether-
sulphone, and mixed matrix membranes. These include 
non-resorbable barrier membranes including the 
expanded poly-tetra�uoro-ethylene (ePTFE) and 
bioresorbable barrier membranes including collagen poly-
lactic acid.  Polymeric scaffolds and bioinspired 
membranes have also been used as an oxidative 
advancement to improve tissue regeneration and include 
antibacterial properties [5]. Furthermore, methods 
involving the utilization of Platelet-Rich Fibrin (PRF) and 
Advanced Platelet-Rich Fibrin (APRF) enrich the process of 
treatment and enable early tissue regeneration due to the 
release of growth factors into the injured area [6]. 
Extensive reviews revealed that the use of one or another 
GTR technique results in favourable outcomes in 
periodontal regeneration, especially where patients suffer 
from the moderate to severe form of periodontitis. GTR 
techniques have demonstrated alkaline phosphatase (ALP) 
advancements in parameters such as Pocket depth (PD), 
clinical attachment level (CAL) and bleeding index (BI), as 
well as, radiographic bone �ll. Some studies have shown 
that patients who undergo GTR seem to have a more 
predictable tissue healing pro�le as per the research 
compared to patients who receive conventional treatment 
including SRP only [7]. The main strength of GTR 
techniques over traditional ones is that the latter can treat 
the initial structural damage which is characteristic of 
periodontitis. Although SRP and surgical approaches 
provide successful prevention and treatment of infection 
and in�ammation, they cannot replace the lost bone or 
ligament. Conversely, it has been ascertained that GTR 
enhances tissue healing and regeneration process and 
postoperative periodontal health is maintained for a longer 
time [8, 9]. Also, the new GTR techniques using 
nanocomposite membranes that include antimicrobial 
agents have shown better results because they minimize 
bacterial adhesion and colonization at the wound site [10]. 
Finally, the application of nanotechnology in bioactive 
agents and patient-speci�c medicine forms the future for 
periodontal regeneration. Future research studies with 
more follow-ups are required to prove the e�cacy of these 
protocols in the long run and more importantly in primary 
care dentistry to patients of different ethnic groups with 
different degrees of periodontal disease. 
This study aims to assess the appropriateness of guided 
t i ss u e  r e g e n e r a t i o n  p r o c e d u r e s  i n  p e r i o d o n t a l 
management and evaluate the clinical bene�ts for 
patients.
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M E T H O D S

In line with the guidelines from PRISMA, this review was 
conducted from February 2024 to June 2024. To begin 
with, 108 articles were found with publication years ranging 
from 2020 to 2024 and all the articles were in English 
language. These articles were systematically chosen 
according to the following criteria of inclusion: assessing 
different GTR methods in periodontal disease treatment 
and their long-term effects. Key details extracted from 
each article included: Author: year, geographic location, 
title, type of study, method of analysis, type of GTR method 
used, sample size, follow-up time, outcomes, main �ndings 
and bibliography. For this search, the following databases 
were used; Science Direct, Google Scholar, Springer, and 
PubMed, Google Scholar contributed 90% of the articles. 
The studies were depicted from the regions within Asia, 
Europe, and America. The search strategy used the 
following keywords: Guided tissue regeneration, GTR, 
periodontal disease, regenerative techniques, clinical 
outcomes, bone regeneration and tissue regeneration. 
These terms were chosen to include the broad application 
of GTR in periodontal regeneration. Articles that failed to 
meet the set standard, were discarded. The inclusion 
criteria centred on the practical use of GTR techniques, 
with investigations published after 2020 and above to 
incorporate current developments in the methodologies. 
After searching the article titles of the 108 obtained 
articles, 11 articles were duplicated and excluded from the 
list making the total number of articles for review 99. Out of 
108 articles, 65 were removed because of irrelevance or 
failure to qualify for the study. In total, studies were 
identi�ed for further analysis, as their articles were 
relevant to GTR techniques and clinical e�cacy, as well as 
the differences between regional outcomes in periodontal 
therapy. The �owchart is an illustration of steps taken to 
exclude studies not �tting the criteria set in advance, which 
allowed the focus on GTR procedures and the application of 
these methods in periodontal diseases treatment (Figure 
1).

Figure 1: PRISMA Flow Diagram of Search, Screening of Inclusion 
and Exclusion Criteria, and Accepted Studies for the Review. 
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R E S U L T S

All of the articles reviewed were related to periodontal 
disease and GTR procedures. The sample population 
especially focused on the type of GTR method applied in 
each scenario and their e�cacy in tissue healing against 
periodontitis. Out of 16 reviewed studies, 10 were 
experiments, 3 were randomized controlled trials and 3 
were clinical, comparative and prospective studies 
respectively. These studies were retrieved from 
international databases; however, the major contributions 

Studies were Filtered out as Being Most Relevant. were identi�ed in Asia (Total 35%), Europe (Total 30%), and 
America (Total 25%). Only articles published in the last �ve 
years (2020–2024) were considered for analysis. The 
articles were mostly obtained from Google Scholar (90%) 
and the rest 10% were from Science Direct, Frontiers and 
other platforms like Research Gate and PubMed. A 
comparison of the e�ciency of various forms of GTR in 
different parts of the globe and different clinical contexts 
was analyzed. Details of these studies, which are 
presented [13-28] (Table 1).

Table 1: Schematic Review of Key Studies on Guided Tissue Regeneration (GTR) in Periodontal Disease Treatment

Reference
Study Design, Sample Size 

(N) (Follow-Up Duration)
Application of GTR

Outcomes Measured 
with Their Results 

(E�cacy)

Key Findings 
(Brief)

Conclusions Limitations

[11]

Experimental study with
 a focus on the development

of scaffold (n=18 with 6
 repetitions of 3 

independent groups)

Tissue-speci�c melt 
electro-written 

polymeric scaffolds.

The 
scaffolds reduced 

bio�lm production, 
lactic acid formation, 
and bacterial viability.

The melt 
electro-written 

scaffolds are
 promising for

 dental and
 bone tissue 

regeneration.

This technique,
 incorporating 5% 
DMAHDM and 20% 

NACP, demonstrated 
high antibacterial 

e�cacy and 
mechanical stability.

Further clinical
 studies are
 needed to 

con�rm the 
long-term 

performance

[12]

Experimental study using 
enamel samples

 and bio�lm models (48, 
divided into 4 equal groups)

Sandwich-like 
nanocomposite 

electro-spun silk 
�broin membrane

The group with
 NACP+DMAHDM 

showed the highest 
demineralization

 e�cacy (54.52%) 
and the least lesion

 depth.

The combination of 
NACP+DMAHDM
 demonstrated

superior enamel 
demineralization
 and antibacterial 
effects increasing

 recovery.

It shows promise as 
GTR application 

promotes
 both tissue 

regeneration
 and bio�lm 

suppression.

long-term clinical
 studies are 

necessary to
 verify the effects

 in vivo.

[13]

Experimental study on
 antibacterial coatings for

 orthopedic implants.
 (3 samples per material 

type)

Titanium dioxide 
(TiO2) sol-gel coatings

The coatings 
demonstrated 

excellent 
cyto-compatibility, 
with no cytotoxic
 effects on human 

osteosarcoma cells.

Enhanced 
osteogenic

 potential was 
observed in 

coatings with both
 Ag and Ga, as
 indicated by 

increased ALP
 activity.

These coatings
 show promising

 solutions for
 preventing infections

 on orthopedic
 implants and 

promoting bone
 tissue  regeneration.

The study is 
limited to in vitro

 testing

[14]
Prospective pilot 

clinical study (9 patients, 
12-month follow-up)

Carbonate apatite
 (CO3Ap) granules and

 poly(lactic acid/
capro-lactone) (PLCL)

 membrane

Average PPD 
reduction at 6 and

 12 months: 
4.5 ± 1.6 mm and

 4.9 ± 1.4 mm,
 respectively
Average CAL 
gain at 6 and

 12 months: 4.4 ± 1.7
 mm and 4.6 ± 1.2 
mm, respectively

Radiographic
 improvements

 in linear 
bone height 
and vertical 

sub-classi�cation 
of furcation 
involvement

Demonstrated 
effective and safe 

treatment for 
intra-bony defects

 and mandibular
 Class II furcation 

involvement

Small
 sample size, 
single-center 

study, lack of a 
control group.

[15]
Randomized controlled 

trial (24 patients, 
12-month follow-up)

Poly-caprolactone 
(PCL) membrane vs. 

collagen membrane for
 guided bone 

regeneration (GBR) with 
simultaneous implant

placement

Both groups had high
 implant survival

 (100%) and 
similar soft tissue 

outcome

Both membranes 
demonstrated

 similar outcomes
 in bone 

regeneration
 and soft tissue 

dimensional 
changes after

 1 year.

The newly 
developed bilayer
 PCL membrane 

showed comparable
 e�cacy

 to the collagen
 membrane

 in GBR.

Small sample 
size, lack of
 long-term 

follow-up, and 
no direct 

measurement of
 membrane 
degradation
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[16]
Comparative study

 (26 patients,6-month 
follow-up)

GTR with resorb-able
 membrane vs. Advanced 

Platelet-Rich
 Fibrin (APRF)

The APRF group 
showed 

better improvement
 in Bleeding on 

Probing (BOP), PD,
 CAL, and IBD 

compared to the GTR 
group at 6 months.

Both treatment
 groups showed

 signi�cant
 improvement in 

periodontal 
parameters.

A-PRF was more 
effective in

 improving clinical
 and radiographic 
parameters than 
GTR in treating 

combined 
endo-periodontal

lesions.

Small sample 
size,short follow

-up duration,
 no long-term

 follow-up 
to assess 
sustained 
e�cacy

[17]

Experimental study 
(in vitro and in vivo),

 (16 Sprague Dawley rats
 with follow-up of 4 weeks)

Bioinspired Janus
 polyurethane 

membrane
 designed for guided 

tissue regeneration (GTR)

The membrane
 showed excellent 

mineralization 
properties and high 

antioxidant 
e�ciency.

In vivo studies
 demonstrated

 effective 
periodontal tissue 

regeneration, 
with notable

 bone recovery 
in the rat model.

The bioinspired 
Janus polyurethane

 membrane has
 promising 

potential for 
guided tissue

 regeneration in
 periodontal 
applications

Further 
long-term

 studies
 and clinical trials

 are needed to 
validate the 

results in 
humans 

[18]

Split-mouth randomized
 controlled clinical trial 

(13 patients with 
6-month follow-up)

Platelet-rich �brin 
(PRF) used as an 

adjunct to scaling and 
root planning (SRP)

Signi�cant 
improvements 

in PPD reduction
 and CAL gain in 
the SRP + PRF 

group compared to
 SRP alone.

The test group
 demonstrated 

superior healing 
and less gingival 

recession

The adjunctive use 
of PRF with SRP 

enhances
 periodontal healing

 and reduces 
tissue morbidity

Small sample 
size, short 

follow-up period

[19]
Experimental in-vitro study, 

focus on biomaterials 
and in-vitro testing

Chitosan/hyaluronic
 acid/glycerol-based

 bio-resorbable
 membranes embedded

 with lidocaine- and 
chloramphenicol-loaded

 poly-capro-lactone
 nanoparticles.

Developed
 membranes showed
 effective release of

 lidocaine and 
chloramphenicol, 

providing local 
anaesthetic and 

antimicrobial 
effects.

The membranes 
demonstrated

 biocompatibility, 
with no signi�cant 

toxicity in most
 cases,and 
controlled,

 sustained drug 
release over time.

The drug-eluting
 bio-membranes

 have the potential
 for guided tissue

 regeneration (GTR) 
by addressing

 both postoperative 
pain and microbial 

infections.

The study was
 limited to in 

vitro tests

[20]

Experimental laboratory
 study (scaffolds tested
 in vitro with MC3T3-E1

 pre-osteoblasts.)

3D-printed PCL 
scaffolds loaded 
with tetracycline 

hydrochloride (TCH).

Scaffolds promoted 
signi�cant cell 

attachment and
 proliferation.

The 
PCL-TCH scaffolds 
demonstrated high 

drug entrapment
 e�ciency (95% ± 

3.6%) and effective 
controlled drug 

release.

PCL-TCH scaffolds 
represented 

promising treatment
 for local antibacterial

 action and bone 
tissue regeneration.

The study did
 not include

 long-term in vivo
 evaluations or 
clinical trials, 

limiting the 
applicability

[21]

Randomized controlled
 split-mouth clinical 

study (20 patients with a 
follow-up of 9 months)

Titanium-prepared 
platelet-rich �brin
 (T-PRF) combined

 with open �ap 
debridement (OFD)

Signi�cant 
improvements in

 clinical parameters
 p<0.05) in the T-PRF
 group comparatively

 to the OFD bone
-�lling rate 
in theT-PRF

 group (p<0.001)

Signi�cant 
differences
 in growth 

factor levels
 between groups

 at various
 follow-up points

 (p<0.05)

The combination of 
T-PRF with OFD 

signi�cantly
 enhances

 periodontal
regeneration 
compared to 

OFD alone

The study's 
limitations 
include a

 relatively small
 sample size and
 the absence of 

long-term 
follow-up beyond 

nine months

[22]
In vitro experimental design, 

evaluating the e�cacy of
 scaffolds used

Biodegradable 
scaffoldsmimicking

 the extracellular matrix 
of periodontal tissues.

Co-cultures 
exhibited enhanced 
metabolic activity
 and pronounced 

expression of
 differentiation

 markers

The novel in 
situ-cross-linked 

electrospun 
scaffolds

 demonstrated 
potential as 

effective platforms
 for periodontal 

tissue engineering

These �ndings 
suggest a promising 

avenue for 
future clinical 
applications

 in regenerative
 dentistry

Variability in cell
 behaviour 

based on scaffold 
composition not

 fully
 explored

[23]

In-vitro and in-vivo 
experimental designs,

( 20 male Sprague Dawley 
rats, with a follow-up 
duration of 8 weeks)

Guided Bone
 Regeneration

 (GBR) techniques
 using bio-glass and 

collagen membranes
 (Bio-Gide)

The combination
 of bio-glass 

with rhBMP-9 
signi�cantly

enhanced cell 
viability,adhesion,

and osteogenic 
differentiation 

compared to controls.

In vivo, results
 indicated 

that bio-glass
/rhBMP9 samples
 showed superior 

bone regeneration
 compared to

 bio-glass alone

Bio-glass and 
collagen membranes 

can serve as 
effective carriers for 

rhBMP-9 in GBR 
applications

The translation of
 �ndings from 
animal models

 to clinical 
applications

 requires further 
investigation.
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D I S C U S S I O N

Periodontal diseases can cause severe complications 
which include tissue damage, deep periodontal pockets 
due to tissue loss, gingival recession, and bone resorption if 
left untreated. These poor outcomes can impair oral 
function, aesthetics, and overall quality of life. It 
successfully provided an up-to-date overview of the 
available GTR techniques concerning the clinical results, 
the global distribution of techniques, and the constraints, 
followed by an outlook on the most effective periodontal 
treatment concepts. Guided Tissue Regeneration (GTR) 
has been proven to be signi�cantly effective against 
periodontal tissue loss by employing tissue regeneration 
which showed improved clinical outcomes in the form of 
reduction in pocket depth and enhancement in clinical 
attachment levels [27]. The obtained data demonstrated 
its effectiveness in enhancing tissue healing and its long-
lasting changes in periodontal health [28]. In recent years 
GTR has established itself as a complementary tool to 
conventional therapies such as scaling and root panel (SRP) 
or surgery, demonstrating often safer and better outcomes 
[29]. Several approaches of GTR have demonstrated 
clinical success such as bioresorbable membranes, non-
bioresorbable membranes, and the use of advanced 
b i o m a te r i a l  p o l y m e r i c  s c a f fo l d s  o r  b i o i n s p i re d 
membranes. Methods using platelet-rich �brin (PRF) and 
advanced platelet-rich �brin(A-PRF) have also proved to be 
very effective in promoting healing since they act as 
templates for tissue reconstruction and act as carriers of 

growth factors to the affected region of the mouth [30]. 
Moreover, the material in the form of bioactive membranes 
containing nanoparticles or antibacterial substances has 
been considered for combating microbial issues involved in 
periodontal diseases since it provides an extra barrier 
against recurring infections [31]. From the analysis of the 
examples of applying the different GTR techniques, each 
technique has its distinct advantage. For example, melt 
electro-written scaffolds have been shown to have strong 
antibacterial properties and good mechanical stability in 
the long term [32].  Likewise, bioinspired Janus 
polyurethane membranes for tissue engineering and 
nanocomposite electro-spun silk �broin membranes for 
microbial bio�lm-resistant surfaces revealed encouraging 
outcomes [33]. A-PRF, when used in conjunction with GTR, 
provided better short-term stability in terms of PD, CAL, 
and improved healing. Comparatively, A-PRF seems to 
provide the best improvement in clinical parameters in the 
short-term restoration and advanced scaffolds and 
bioinspired membranes provide the long-term utility, 
predominantly, antibacterial properties and stability of the 
tissue [34]. Not to forget, advanced bioinspired 
membranes and polymeric scaffolds offer long-term 
bene�ts which include antibacterial e�cacy and tissue 
stability, that ultimately reduce the risk of recurring 
infection. The usage of GTR techniques has some 
restrictions because its accessibility depends upon the 
progress of dental science and techniques in the 

[24]
Randomized controlled 
clinical trial (20 patients

 with follow-up 
of 6 months)

Platelet-rich �brin
 (PRF) + bio-absorbable 

guided tissue 
regeneration

 (GTR) membrane.

Signi�cant
 differences

 were observed in
 PPD, CAL gain, 

WKG, and
 GT between the 

two groups.

The combination
 of PRF with GTR
 did not provide 

additional bene�ts
 over GTR alone
 in terms of root

 coverage

PRF combined with
 GTR membrane does
 not offer substantial 

improvements 
over GTR alone.

The trial was
 limited by a

 relatively small
 participant group

[25]

Experimental In-vitro 
study evaluating

 different conc. of Ag-NPs
 for periodontal
 regeneration.

Collagen membranes
 with different conc. 

of silver nanoparticles
 for GTR

The 2% Ag-NPs 
membrane

 showed excellent
 cytocompatibility.

The 2% Ag-NPs 
collagen

 membrane
 demonstrated
 both effective
 antibacterial 

properties and high
 cytocompatibility

A collagen
 membrane 

containing 2% 
Ag-NPs showed 

potential for GTR in 
periodontal 

regeneration.

The 3% Ag-NPs 
membrane

 was cytotoxic, 
reducing its

 suitability for 
regenerative 
applications.

[26]
In-vivo study on rabbits

 with follow-up of 5 weeks

Ethylene oxide
 sterilized chitosan
-polyvinyl alcohol

 (CS-PVA) bio
-membranes

The test group 
showed

signi�cant tissue 
growth and bone

 regeneration by 5
 weeks, with the 
GTR membranes
 being resorbed

The CS-PVA bio
 membranes 

allowed 
complete healing 

and membrane
 resorption.

The ethylene 
oxide sterilized

 CS-PVA
 bio-membranes 

demonstrated
 potential for

 effective guided
 tissue regeneration

 in chronic 
periodontitis.

The sample
 size was not 

explicitly 
mentioned.

MC3T3-E1=Mouse Calvarial Preosteoblast Cell Line, DMAHDM=5-(N, N-Dimethyl) Hexadecyl-2-Pyridylamine, NACP=Nano-Hydroxyapatite 
with Calcium Phosphate
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respective region and the economic state. Polymeric 
scaffolds and bioinspired membranes are utilized in the 
developed countries of North America and Europe 
especially the USA and Germany due to the availability of 
modern dental technologies and adequate research grants 
[35]. However, other regions such as Asia and South 
American countries still heavily depend on classic GTR 
techniques, but in recent years there has been an 
increasing trend of applying PRF and biomaterials, 
especially in China and India [36]. In some developing 
regions, because of the problems in clinical resources and 
restricted access to high-end regenerative materials, 
advanced GTR technologies have not been widely applied. 
This study provided a comprehensive review of GTR 
approaches and patient outcomes; however, this study has 
certain limitations that need to be addressed. The �rst 
limitation is the variation in data across studies e.g. sample 
size, conditions, design of study, and follow-up period that 
hinders the consistency of the study. The second limitation 
is that since this study observed recent approaches, most 
of the GTR techniques are not well-established practices 
yet and lie in their early clinical trial period hence long-term 
effects are not yet known for them. Likewise, GTR 
techniques are not entirely without their drawbacks. 
Research focusing on patients receiving periodontal 
surgery reported variations in treatment results based on 
parameters like the seriousness of the disorder, the 
presence of other diseases, or the patient's compliance 
with postoperative directions and recommendations [37]. 
In addition, most of the currently represented innovative 
GTR methods, such as bioinspired membranes and 
polymeric scaffolds, are still experimental or at the stage of 
large-animal pilot clinical trials, thus, the safety and 
e�cacy of these methods need to be established in 
further, more extensive investigations [38]. Price and 
access to speci�c GTR materials are also an issue, 
especially in the developing world, where dental health 
care is still very scarce [39]. This study leads the further 
development of more cost-effective, accessible and 
biocompatible GTR material for the widespread application 
of these techniques in the future. New advances in 
biomaterial science especially the use of nanotechnology 
and growth factors in GTR membranes show a lot of 
potential for enhancing the clinical success of GTR and 
minimizing the chance of reinfection [40]. As for future 
studies, it is necessary to concentrate on improving the 
scaffold's architecture for increased and more contiguous 
tissue formation rate, and improving the antibacterial 
e�cacy of the membranes [41]. In the years to come owing 
to the development in 3D printing and bioengineering, GTR 
solutions can be designed according to patient-speci�c 
conditions, which can address oral disorders more 
effectively.
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