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DISCUSSION
The meta-analysis reviewed a practical look at 
efficacy, safety, and recovery profiles of two mostly 
carried inguinal hernia repair methods that are TAPP 
(Transabdominal Preperitoneal Laparoscopic 
Approach) and Lichtenstein open repair procedure. 
The first ever laparoscopic hernia repair operation 
was performed by Dr. Ralph Ger in 1982 and trans-
abdominal preperitoneal (TAPP) hernia repair was 
first described in 199213. Surgeons' experience is vital 
in reducing surgery times and complication rates 
with both techniques being viable options depend-
ing on the operating surgeon's choice, expertise, 
and patient’s clinical profile14. The adoption of lapa-
roscopic techniques varies worldwide, with factors 
like cost, learning curve, and regional surgical prac-
tices influencing individual preferences15.

The data from nine different comparative studies 
carried out across different countries and variable 
periods to compare outcomes like procedure dura-
tion, hematoma, seroma, infection rates, acute 
postoperative pain levels, and return to work time 
period was analyzed. Early mobilization and 
minimum postoperative restrictions reflect a major 
role in facilitating robust recovery, thus aligning with 
findings that TAPP patients return to normal routine 
activities significantly faster than those undergoing 
traditional open repair16.

A laparoscopic surgical approach is technically 
more difficult, is a time-consuming procedure, 
requires advanced skills and in addition, intra-perito-
neal situations like adhesions, can cause further 
delays in carrying out TAPP procedures17. The 
meta-analysis of nine studies reveals that the TAPP 
laparoscopic procedure generally takes longer time 
duration than the Lichtenstein open repair tech-
nique. The duration for the TAPP procedure ranges 
from 46.3 to 96.12 minutes, whereas Lichtenstein 
repair ranges from 27.8 to 54.2 minutes. TAPP laparo-
scopic repair technique has got a steeper learning 
curve when compared to open Lichtenstein repair, 
the surgery duration can be prolonged initially but 
with advanced skills and a better understanding of 
the inguinal region anatomy, it can be shortened 
significantly14. Despite the longer surgery period in 
the laparoscopic group, the benefits of the TAPP 
procedure in terms of post-operative recovery 
outcomes can surely justify this increased time 
period18.

Acute pain post-operative inguinal hernia repair 
can be related to wound tissue healing, femoral 
nerve injury, and the patient’s hypersensitivity 
response to mesh that acts as a foreign body, or 
complications from mesh19. An important finding of 
the meta-analysis is the lessened acute post-opera-
tive pain with laparoscopic TAPP repair, the mean 
pain score for TAPP repair (5.66) is significantly lower 

when compared to the Lichtenstein open repair 
technique (8.53). Patients undergoing TAPP laparo-
scopic repair suffer less discomfort/pain immediate-
ly following operation, which can elevate the overall 
patient satisfaction score and the need for post-sur-
gery analgesics is reduced. 

The average complication rate for post-operative 
inguinal hernia repair is 3 to 8 percent, depending 
upon the clinical circumstances whether elective or 
emergency repair was performed, surgical 
approach whether open or laparoscopic and the 
site/type of the hernia20. In a study by Trehan postop-
erative complications during TAPP included scrotal 
edema incidence 11%, seroma formation 7%, and 
surgical site infection at 7%21. It showed a mean 
hospital stay of 41.56 hours for TAPP and in the analy-
sis mean hospital stay for TAPP patients was 3.2 ± 1.3 
days, with most discharged within 48–72 hours, 
hence showed similar trends of short hospital stays 
with TAPP, though slightly longer overall durations. 
The study by Thanh Xuan reported minimal compli-
cations with the TAPP technique, included only a 
3.2% rate of sensory disorders, and revealed that 
96.8% of cases were categorized as "very good" 
during the follow-up period22. 

The interventional study by Bansod conducted on 
50 patients found that TAPP repair resulted in 
minimal complications, including scrotal emphyse-
ma only 2% and port site infections 2%23. The 
meta-analysis shows that TAPP laparoscopic repair 
has a low overall complication incidence as com-
pared to Lichtenstein repair, with an Odds Ratio of 
0.461. Fewer complications are associated with 
TAPP repair, including hematoma, seroma, and 
post-operative wound infections. As with other 
studies, genital or scrotal numbness was also less 
common after the TAPP procedure and the reason 
was intra-operative genito-femoral or ilioinguinal 
nerve injury in the course of the open approach24. In 
the analysis the incidence of seroma formation was 
low in the TAPP group (mean 2.49%) as compared to 
Lichtenstein (mean 4.20%), thus indicating it a more 
favorable approach. Considering hematoma the 
rates were comparable between Lichtenstein 
(mean 2.55%) and TAPP group (mean 2.48%). The 
variation in TAPP laparoscopic group rates enhanc-
es the need for adopting careful surgical technique, 
surgical skills, and careful patient selection. TAPP has 
proven to be a minimally invasive technique in 
reducing post-operative infection risks in the 
meta-analysis due to its lower infection rate of 0% as 
compared to the Lichtenstein group 3.09% to 5.5%.

In the meta-analysis, TAPP repair demonstrated low 
postoperative pain and reduced complications 
which aligns with the findings of Touzi25. who also 
reported faster recovery and reduced pain VAS 
scores, however, contrary to their findings of 

prolonged operative times for laparoscopic repair, 
the results indicate no significant difference in oper-
ative duration which reflects advancements in surgi-
cal expertise and standardization of technique. A 
study by Ghimire also reported lower complications 
with TAPP (10%) when compared to Lichtenstein 
(25%), including fewer hematomas and infections26.
International Guidelines for Groin Hernia Manage-
ment emphasized that post-operatively patients 
should be encouraged to return to their routine 
activities sooner27. There is no evidence which 
emphasizes restrictive recommendations post ingui-
nal hernia surgery27. There was even no association 
between early return to work with higher rates of 
hernia recurrences27. The average return to routine 
work in the analysis for TAPP group patients ranged 
from 8 to 12 days, compared to 15 to 21 days for 
Lichtenstein patients. Early return is beneficial for 
patients in reducing the overall impact on their work 
and daily life. A study by Jamil reported a faster 
return to work for TAPP patients in 10.47 ± 3.59 days 
versus Lichtenstein patients took 13.20 ± 4.75 days, 
hence reinforcing the recovery benefits of TAPP 
already highlighted in the meta-analysis28.

A systematic review conducted by Usmani reported 
that TAPP was found superior to open repair in terms 
of duration of postoperative hospital stay, pain 
scores on the VAS scale on postoperative days 1 
and 7, and complications, whereas Open repair 
appeared superior only in terms of operative time29.
Meta-analysis by Chávez Peón Pérez30 evaluated 
inguinal hernia repair with TAPP versus Lichtenstein 
techniques and suggested that the laparoscopic 
approach resulted in reduced complications relat-
ed to infection and chronic pain however the 
meta-analysis provided a more comprehensive 
comparison by including parameters such as opera-
tive time, return to work, and complications like 
hematoma and seroma rates, hence offered a 
broader evaluation. A study by Nair31 reported fewer 
infection rates in the TAPP group, thus suggesting 
that laparoscopic techniques had better infection 
control due to minimal invasiveness. Similarly, the 
analysis showed TAPP's procedure infection rates 
i.e., 0% in most studies vs. 3.09% to 5.5% for Lichten-
stein.

A meta-analysis by Lillo-Albert32 also reported that 
chronic inguinal pain was significantly lessened in 
laparo-endoscopic repair techniques compared to 
Lichtenstein repair. Wu33 observed in his meta-analy-
sis that pain scores were consistently lower for TAPP 
on postoperative days 1, 7, and beyond and thus 
underscores the sustained pain reduction advan-
tages of TAPP over Lichtenstein repair.

The results of a study by Shankar Gururaj Kollam-
pare34 also align with the observations of the analysis 
by demonstrating that TAPP repair was associated 

with significantly reduced postoperative pain VAS 
scores, faster mobilization on POD1 for TAPP vs. 
POD2/3 for Lichtenstein, and earlier return to work 
that is POD5 for TAPP vs. POD10–15 for Lichtenstein. 
The retrospective study by Salibašić35 reported that 
patients undergoing TAPP had shorter hospital stays 
and better recovery as compared to those treated 
with the Lichtenstein technique and these findings 
aligned with the study's observation that the TAPP 
Laparoscopic approach was associated with better 
recovery metrics. In another study by Mehmood36, 
an important key benefit was observed in TAPP 
repair which was its ability to detect and repair 
contralateral hernias during the same procedure, 
which was not possible with the open repairs and it 
highlighted the advantage of the laparoscopic 
technique, particularly in cases of bilateral inguinal 
hernias or asymptomatic contralateral defects.

Zargar´s study also supports the meta-analysis 
findings on superiority of TAPP over open repair, 
including reduced complication rates, quicker 
recovery period, and reduced pain37. However, it 
also provides insights into bilateral hernia repair and 
cost considerations which were not deeply viewed 
in the analysis. Rather38 in his study highlighted supe-
rior cosmetic outcomes for TAPP repair due to small 
port-site scars of 0.5–2 cm as compared to larger 
scars of 6–8 cm associated with the Lichtenstein 
technique.

Although the TAPP technique seems fruitful in terms 
of cost-effectiveness due to lower complication 
rates and faster recovery, despite the high costs 
associated with laparoscopic equipment and 
specialized laparoscopic skills training. The study by 
Hidalgo39 reported higher operative time and hospi-
tal stay expenditure with TAPP however its capability 
to access both inguinal regions and reduce 
long-term complications may justify its use in com-
plex cases. But still, in resource-limited settings like in 
Pakistan where advanced surgical laparoscopic 
facilities are not freely available, Lichtenstein repair 
is a simpler and preferred option. Assakran40 report-
ed that the overall cost of hernia procedure was 
significantly affected by the choice of surgical tech-
nique applied and the presence of comorbidities, 
with laparoscopic approaches generally associat-
ed with higher initial costs but improved long-term 
outcomes.

Further studies should be carried out to find out 
long-term post-operative outcomes, such as hernia 
recurrence rate and patients' quality of life, in order 
to evaluate a more comprehensive analysis of these 
surgical techniques.

CONCLUSION
Our meta-analysis revealed that TAPP repair offers 
significant advantages over Lichtenstein for having 

lower postoperative pain scores, reduced compli-
cation rates, and faster return to work and daily 
activities. However, the TAPP technique is associat-
ed with prolonged operative duration and requires 
advanced surgical expertise and facilities, which 
may limit its widespread application, particularly in 
resource-limited settings.

LIST OF ABBREVIATIONS
TAPP: Transabdominal Preperitoneal
RCTs: Randomised Controlled Trials
CI: Confidence Interval
SMD: Standardised Mean Difference
VAS: Visual Analogue Scale
LIHR: Laparoscopic Inguinal Hernia Repair
OIHR: Open Inguinal Hernia Repair
OR: Odds Ratio
TEP: Total Extraperitoneal
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INTRODUCTION
Stem cells, bioactive compounds, and biomaterials, 
which serve as scaffolds to drive cell growth and 
differentiation, are considered to be three key com-
ponents of tissue engineering and regeneration1. 
The combined action of these three components 
has been shown to increase the tissue's reparative 
potential while also promoting the migration of new 
stem cells to the site of injury and generally improv-

ing the regenerative or reparative process2,3. 
Cell-free techniques seek to recruit resident cells, 
such as stem cells, by embedding bioactive com-
pounds in biomaterials or scaffolds.

To increase their usefulness and efficacy, a number 
of interventional techniques have been developed. 
However, exogenous autologous or allogeneic stem 
cells are injected into wounded tissue during 

cell-based therapies in order to promote regenera-
tion4,5. It is called the "cell homing" procedure. 
Positive tissue regeneration outcomes are expected 
to occur from the optimal combination of the three 
fundamental elements listed above. Dentistry stem 
cells (DSCs) and new advances in regenerative 
dentistry will be highlighted in this overview of recent 
accomplishments in tissue engineering applications 
in clinical dentistry.

DISCUSSION
The only regenerative endodontic treatment tech-
nique currently in use in clinical settings is pulp revas-
cularization, which involves revascularizing an 
immature permanent tooth with an infected necrot-
ic pulp and apical periodontitis/abscess to speed 
up root development6. To promote healing, this 
procedure first chemically cleans the root canal 
using intracanal drugs and antibiotics. Then, bleed-
ing is induced7,8. It is well known that platelet-rich 
fibrin (PRF) may overcome various dentine 
constraints. It has been demonstrated lately that PRF 
contains a multitude of growth factors that are 
advantageous to pulp regeneration, many of which 
are signaling molecules9,10,11,12,13.

It has been shown that PRF facilitates stem cell differ-
entiation, cell homing, trapping, and the delayed 
release of angiogenic cytokines such as VEGF, FGF, 
and platelet-derived Based on in-vivo studies, Galler 
et al. presented a therapeutically effective regener-
ative endodontic strategy. Ethylenedi-
aminetetraacetic acid (EDTA) irrigation, EDTA 
collection with dentine matrix proteins, EDTA mixing 
with a scaffold, root canal injection, and root canal 
preparation are all steps in this process. The goals of 
EDTA conditioning, in this case, are to remove the 
smear layer, liberate the bioactive substances that 
are contained in the dentin, and reveal the dentin's 
collagenous structures so that cells can adhere to 
them14,15,16.

Fig 1(a): This figure illustrates the latest advance-
ments in regenerative dental techniques, highlight-
ing various approaches such as stem cell therapy, 
tissue engineering, and biomaterials aimed at 
regenerating dental tissues. It explores potential 
methods to restore lost tooth structures, repair dam-
aged tissues, and promote overall oral health 
through innovative technologies.
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DISCUSSION
The meta-analysis reviewed a practical look at 
efficacy, safety, and recovery profiles of two mostly 
carried inguinal hernia repair methods that are TAPP 
(Transabdominal Preperitoneal Laparoscopic 
Approach) and Lichtenstein open repair procedure. 
The first ever laparoscopic hernia repair operation 
was performed by Dr. Ralph Ger in 1982 and trans-
abdominal preperitoneal (TAPP) hernia repair was 
first described in 199213. Surgeons' experience is vital 
in reducing surgery times and complication rates 
with both techniques being viable options depend-
ing on the operating surgeon's choice, expertise, 
and patient’s clinical profile14. The adoption of lapa-
roscopic techniques varies worldwide, with factors 
like cost, learning curve, and regional surgical prac-
tices influencing individual preferences15.

The data from nine different comparative studies 
carried out across different countries and variable 
periods to compare outcomes like procedure dura-
tion, hematoma, seroma, infection rates, acute 
postoperative pain levels, and return to work time 
period was analyzed. Early mobilization and 
minimum postoperative restrictions reflect a major 
role in facilitating robust recovery, thus aligning with 
findings that TAPP patients return to normal routine 
activities significantly faster than those undergoing 
traditional open repair16.

A laparoscopic surgical approach is technically 
more difficult, is a time-consuming procedure, 
requires advanced skills and in addition, intra-perito-
neal situations like adhesions, can cause further 
delays in carrying out TAPP procedures17. The 
meta-analysis of nine studies reveals that the TAPP 
laparoscopic procedure generally takes longer time 
duration than the Lichtenstein open repair tech-
nique. The duration for the TAPP procedure ranges 
from 46.3 to 96.12 minutes, whereas Lichtenstein 
repair ranges from 27.8 to 54.2 minutes. TAPP laparo-
scopic repair technique has got a steeper learning 
curve when compared to open Lichtenstein repair, 
the surgery duration can be prolonged initially but 
with advanced skills and a better understanding of 
the inguinal region anatomy, it can be shortened 
significantly14. Despite the longer surgery period in 
the laparoscopic group, the benefits of the TAPP 
procedure in terms of post-operative recovery 
outcomes can surely justify this increased time 
period18.

Acute pain post-operative inguinal hernia repair 
can be related to wound tissue healing, femoral 
nerve injury, and the patient’s hypersensitivity 
response to mesh that acts as a foreign body, or 
complications from mesh19. An important finding of 
the meta-analysis is the lessened acute post-opera-
tive pain with laparoscopic TAPP repair, the mean 
pain score for TAPP repair (5.66) is significantly lower 

when compared to the Lichtenstein open repair 
technique (8.53). Patients undergoing TAPP laparo-
scopic repair suffer less discomfort/pain immediate-
ly following operation, which can elevate the overall 
patient satisfaction score and the need for post-sur-
gery analgesics is reduced. 

The average complication rate for post-operative 
inguinal hernia repair is 3 to 8 percent, depending 
upon the clinical circumstances whether elective or 
emergency repair was performed, surgical 
approach whether open or laparoscopic and the 
site/type of the hernia20. In a study by Trehan postop-
erative complications during TAPP included scrotal 
edema incidence 11%, seroma formation 7%, and 
surgical site infection at 7%21. It showed a mean 
hospital stay of 41.56 hours for TAPP and in the analy-
sis mean hospital stay for TAPP patients was 3.2 ± 1.3 
days, with most discharged within 48–72 hours, 
hence showed similar trends of short hospital stays 
with TAPP, though slightly longer overall durations. 
The study by Thanh Xuan reported minimal compli-
cations with the TAPP technique, included only a 
3.2% rate of sensory disorders, and revealed that 
96.8% of cases were categorized as "very good" 
during the follow-up period22. 

The interventional study by Bansod conducted on 
50 patients found that TAPP repair resulted in 
minimal complications, including scrotal emphyse-
ma only 2% and port site infections 2%23. The 
meta-analysis shows that TAPP laparoscopic repair 
has a low overall complication incidence as com-
pared to Lichtenstein repair, with an Odds Ratio of 
0.461. Fewer complications are associated with 
TAPP repair, including hematoma, seroma, and 
post-operative wound infections. As with other 
studies, genital or scrotal numbness was also less 
common after the TAPP procedure and the reason 
was intra-operative genito-femoral or ilioinguinal 
nerve injury in the course of the open approach24. In 
the analysis the incidence of seroma formation was 
low in the TAPP group (mean 2.49%) as compared to 
Lichtenstein (mean 4.20%), thus indicating it a more 
favorable approach. Considering hematoma the 
rates were comparable between Lichtenstein 
(mean 2.55%) and TAPP group (mean 2.48%). The 
variation in TAPP laparoscopic group rates enhanc-
es the need for adopting careful surgical technique, 
surgical skills, and careful patient selection. TAPP has 
proven to be a minimally invasive technique in 
reducing post-operative infection risks in the 
meta-analysis due to its lower infection rate of 0% as 
compared to the Lichtenstein group 3.09% to 5.5%.

In the meta-analysis, TAPP repair demonstrated low 
postoperative pain and reduced complications 
which aligns with the findings of Touzi25. who also 
reported faster recovery and reduced pain VAS 
scores, however, contrary to their findings of 

prolonged operative times for laparoscopic repair, 
the results indicate no significant difference in oper-
ative duration which reflects advancements in surgi-
cal expertise and standardization of technique. A 
study by Ghimire also reported lower complications 
with TAPP (10%) when compared to Lichtenstein 
(25%), including fewer hematomas and infections26.
International Guidelines for Groin Hernia Manage-
ment emphasized that post-operatively patients 
should be encouraged to return to their routine 
activities sooner27. There is no evidence which 
emphasizes restrictive recommendations post ingui-
nal hernia surgery27. There was even no association 
between early return to work with higher rates of 
hernia recurrences27. The average return to routine 
work in the analysis for TAPP group patients ranged 
from 8 to 12 days, compared to 15 to 21 days for 
Lichtenstein patients. Early return is beneficial for 
patients in reducing the overall impact on their work 
and daily life. A study by Jamil reported a faster 
return to work for TAPP patients in 10.47 ± 3.59 days 
versus Lichtenstein patients took 13.20 ± 4.75 days, 
hence reinforcing the recovery benefits of TAPP 
already highlighted in the meta-analysis28.

A systematic review conducted by Usmani reported 
that TAPP was found superior to open repair in terms 
of duration of postoperative hospital stay, pain 
scores on the VAS scale on postoperative days 1 
and 7, and complications, whereas Open repair 
appeared superior only in terms of operative time29.
Meta-analysis by Chávez Peón Pérez30 evaluated 
inguinal hernia repair with TAPP versus Lichtenstein 
techniques and suggested that the laparoscopic 
approach resulted in reduced complications relat-
ed to infection and chronic pain however the 
meta-analysis provided a more comprehensive 
comparison by including parameters such as opera-
tive time, return to work, and complications like 
hematoma and seroma rates, hence offered a 
broader evaluation. A study by Nair31 reported fewer 
infection rates in the TAPP group, thus suggesting 
that laparoscopic techniques had better infection 
control due to minimal invasiveness. Similarly, the 
analysis showed TAPP's procedure infection rates 
i.e., 0% in most studies vs. 3.09% to 5.5% for Lichten-
stein.

A meta-analysis by Lillo-Albert32 also reported that 
chronic inguinal pain was significantly lessened in 
laparo-endoscopic repair techniques compared to 
Lichtenstein repair. Wu33 observed in his meta-analy-
sis that pain scores were consistently lower for TAPP 
on postoperative days 1, 7, and beyond and thus 
underscores the sustained pain reduction advan-
tages of TAPP over Lichtenstein repair.

The results of a study by Shankar Gururaj Kollam-
pare34 also align with the observations of the analysis 
by demonstrating that TAPP repair was associated 

with significantly reduced postoperative pain VAS 
scores, faster mobilization on POD1 for TAPP vs. 
POD2/3 for Lichtenstein, and earlier return to work 
that is POD5 for TAPP vs. POD10–15 for Lichtenstein. 
The retrospective study by Salibašić35 reported that 
patients undergoing TAPP had shorter hospital stays 
and better recovery as compared to those treated 
with the Lichtenstein technique and these findings 
aligned with the study's observation that the TAPP 
Laparoscopic approach was associated with better 
recovery metrics. In another study by Mehmood36, 
an important key benefit was observed in TAPP 
repair which was its ability to detect and repair 
contralateral hernias during the same procedure, 
which was not possible with the open repairs and it 
highlighted the advantage of the laparoscopic 
technique, particularly in cases of bilateral inguinal 
hernias or asymptomatic contralateral defects.

Zargar´s study also supports the meta-analysis 
findings on superiority of TAPP over open repair, 
including reduced complication rates, quicker 
recovery period, and reduced pain37. However, it 
also provides insights into bilateral hernia repair and 
cost considerations which were not deeply viewed 
in the analysis. Rather38 in his study highlighted supe-
rior cosmetic outcomes for TAPP repair due to small 
port-site scars of 0.5–2 cm as compared to larger 
scars of 6–8 cm associated with the Lichtenstein 
technique.

Although the TAPP technique seems fruitful in terms 
of cost-effectiveness due to lower complication 
rates and faster recovery, despite the high costs 
associated with laparoscopic equipment and 
specialized laparoscopic skills training. The study by 
Hidalgo39 reported higher operative time and hospi-
tal stay expenditure with TAPP however its capability 
to access both inguinal regions and reduce 
long-term complications may justify its use in com-
plex cases. But still, in resource-limited settings like in 
Pakistan where advanced surgical laparoscopic 
facilities are not freely available, Lichtenstein repair 
is a simpler and preferred option. Assakran40 report-
ed that the overall cost of hernia procedure was 
significantly affected by the choice of surgical tech-
nique applied and the presence of comorbidities, 
with laparoscopic approaches generally associat-
ed with higher initial costs but improved long-term 
outcomes.

Further studies should be carried out to find out 
long-term post-operative outcomes, such as hernia 
recurrence rate and patients' quality of life, in order 
to evaluate a more comprehensive analysis of these 
surgical techniques.

CONCLUSION
Our meta-analysis revealed that TAPP repair offers 
significant advantages over Lichtenstein for having 

lower postoperative pain scores, reduced compli-
cation rates, and faster return to work and daily 
activities. However, the TAPP technique is associat-
ed with prolonged operative duration and requires 
advanced surgical expertise and facilities, which 
may limit its widespread application, particularly in 
resource-limited settings.

LIST OF ABBREVIATIONS
TAPP: Transabdominal Preperitoneal
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LIHR: Laparoscopic Inguinal Hernia Repair
OIHR: Open Inguinal Hernia Repair
OR: Odds Ratio
TEP: Total Extraperitoneal
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INTRODUCTION
Stem cells, bioactive compounds, and biomaterials, 
which serve as scaffolds to drive cell growth and 
differentiation, are considered to be three key com-
ponents of tissue engineering and regeneration1. 
The combined action of these three components 
has been shown to increase the tissue's reparative 
potential while also promoting the migration of new 
stem cells to the site of injury and generally improv-

ing the regenerative or reparative process2,3. 
Cell-free techniques seek to recruit resident cells, 
such as stem cells, by embedding bioactive com-
pounds in biomaterials or scaffolds.

To increase their usefulness and efficacy, a number 
of interventional techniques have been developed. 
However, exogenous autologous or allogeneic stem 
cells are injected into wounded tissue during 

cell-based therapies in order to promote regenera-
tion4,5. It is called the "cell homing" procedure. 
Positive tissue regeneration outcomes are expected 
to occur from the optimal combination of the three 
fundamental elements listed above. Dentistry stem 
cells (DSCs) and new advances in regenerative 
dentistry will be highlighted in this overview of recent 
accomplishments in tissue engineering applications 
in clinical dentistry.

DISCUSSION
The only regenerative endodontic treatment tech-
nique currently in use in clinical settings is pulp revas-
cularization, which involves revascularizing an 
immature permanent tooth with an infected necrot-
ic pulp and apical periodontitis/abscess to speed 
up root development6. To promote healing, this 
procedure first chemically cleans the root canal 
using intracanal drugs and antibiotics. Then, bleed-
ing is induced7,8. It is well known that platelet-rich 
fibrin (PRF) may overcome various dentine 
constraints. It has been demonstrated lately that PRF 
contains a multitude of growth factors that are 
advantageous to pulp regeneration, many of which 
are signaling molecules9,10,11,12,13.

It has been shown that PRF facilitates stem cell differ-
entiation, cell homing, trapping, and the delayed 
release of angiogenic cytokines such as VEGF, FGF, 
and platelet-derived Based on in-vivo studies, Galler 
et al. presented a therapeutically effective regener-
ative endodontic strategy. Ethylenedi-
aminetetraacetic acid (EDTA) irrigation, EDTA 
collection with dentine matrix proteins, EDTA mixing 
with a scaffold, root canal injection, and root canal 
preparation are all steps in this process. The goals of 
EDTA conditioning, in this case, are to remove the 
smear layer, liberate the bioactive substances that 
are contained in the dentin, and reveal the dentin's 
collagenous structures so that cells can adhere to 
them14,15,16.

Fig 1(a): This figure illustrates the latest advance-
ments in regenerative dental techniques, highlight-
ing various approaches such as stem cell therapy, 
tissue engineering, and biomaterials aimed at 
regenerating dental tissues. It explores potential 
methods to restore lost tooth structures, repair dam-
aged tissues, and promote overall oral health 
through innovative technologies.

Figure 1(a): Regenerative Dentistry's Current Developments and Potential Methods 

Fig. 1(b): This figure depicts the processes and strategies involved in regenerating periodontal tissues, 
including the use of stem cells, growth factors, scaffolds, and biomaterials. It highlights current approaches 
to restore the supporting structures of teeth, such as the alveolar bone, periodontal ligament, and 
cementum, aiming to improve outcomes in periodontal disease treatment and enhance overall oral health. 
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DISCUSSION
The meta-analysis reviewed a practical look at 
efficacy, safety, and recovery profiles of two mostly 
carried inguinal hernia repair methods that are TAPP 
(Transabdominal Preperitoneal Laparoscopic 
Approach) and Lichtenstein open repair procedure. 
The first ever laparoscopic hernia repair operation 
was performed by Dr. Ralph Ger in 1982 and trans-
abdominal preperitoneal (TAPP) hernia repair was 
first described in 199213. Surgeons' experience is vital 
in reducing surgery times and complication rates 
with both techniques being viable options depend-
ing on the operating surgeon's choice, expertise, 
and patient’s clinical profile14. The adoption of lapa-
roscopic techniques varies worldwide, with factors 
like cost, learning curve, and regional surgical prac-
tices influencing individual preferences15.

The data from nine different comparative studies 
carried out across different countries and variable 
periods to compare outcomes like procedure dura-
tion, hematoma, seroma, infection rates, acute 
postoperative pain levels, and return to work time 
period was analyzed. Early mobilization and 
minimum postoperative restrictions reflect a major 
role in facilitating robust recovery, thus aligning with 
findings that TAPP patients return to normal routine 
activities significantly faster than those undergoing 
traditional open repair16.

A laparoscopic surgical approach is technically 
more difficult, is a time-consuming procedure, 
requires advanced skills and in addition, intra-perito-
neal situations like adhesions, can cause further 
delays in carrying out TAPP procedures17. The 
meta-analysis of nine studies reveals that the TAPP 
laparoscopic procedure generally takes longer time 
duration than the Lichtenstein open repair tech-
nique. The duration for the TAPP procedure ranges 
from 46.3 to 96.12 minutes, whereas Lichtenstein 
repair ranges from 27.8 to 54.2 minutes. TAPP laparo-
scopic repair technique has got a steeper learning 
curve when compared to open Lichtenstein repair, 
the surgery duration can be prolonged initially but 
with advanced skills and a better understanding of 
the inguinal region anatomy, it can be shortened 
significantly14. Despite the longer surgery period in 
the laparoscopic group, the benefits of the TAPP 
procedure in terms of post-operative recovery 
outcomes can surely justify this increased time 
period18.

Acute pain post-operative inguinal hernia repair 
can be related to wound tissue healing, femoral 
nerve injury, and the patient’s hypersensitivity 
response to mesh that acts as a foreign body, or 
complications from mesh19. An important finding of 
the meta-analysis is the lessened acute post-opera-
tive pain with laparoscopic TAPP repair, the mean 
pain score for TAPP repair (5.66) is significantly lower 

when compared to the Lichtenstein open repair 
technique (8.53). Patients undergoing TAPP laparo-
scopic repair suffer less discomfort/pain immediate-
ly following operation, which can elevate the overall 
patient satisfaction score and the need for post-sur-
gery analgesics is reduced. 

The average complication rate for post-operative 
inguinal hernia repair is 3 to 8 percent, depending 
upon the clinical circumstances whether elective or 
emergency repair was performed, surgical 
approach whether open or laparoscopic and the 
site/type of the hernia20. In a study by Trehan postop-
erative complications during TAPP included scrotal 
edema incidence 11%, seroma formation 7%, and 
surgical site infection at 7%21. It showed a mean 
hospital stay of 41.56 hours for TAPP and in the analy-
sis mean hospital stay for TAPP patients was 3.2 ± 1.3 
days, with most discharged within 48–72 hours, 
hence showed similar trends of short hospital stays 
with TAPP, though slightly longer overall durations. 
The study by Thanh Xuan reported minimal compli-
cations with the TAPP technique, included only a 
3.2% rate of sensory disorders, and revealed that 
96.8% of cases were categorized as "very good" 
during the follow-up period22. 

The interventional study by Bansod conducted on 
50 patients found that TAPP repair resulted in 
minimal complications, including scrotal emphyse-
ma only 2% and port site infections 2%23. The 
meta-analysis shows that TAPP laparoscopic repair 
has a low overall complication incidence as com-
pared to Lichtenstein repair, with an Odds Ratio of 
0.461. Fewer complications are associated with 
TAPP repair, including hematoma, seroma, and 
post-operative wound infections. As with other 
studies, genital or scrotal numbness was also less 
common after the TAPP procedure and the reason 
was intra-operative genito-femoral or ilioinguinal 
nerve injury in the course of the open approach24. In 
the analysis the incidence of seroma formation was 
low in the TAPP group (mean 2.49%) as compared to 
Lichtenstein (mean 4.20%), thus indicating it a more 
favorable approach. Considering hematoma the 
rates were comparable between Lichtenstein 
(mean 2.55%) and TAPP group (mean 2.48%). The 
variation in TAPP laparoscopic group rates enhanc-
es the need for adopting careful surgical technique, 
surgical skills, and careful patient selection. TAPP has 
proven to be a minimally invasive technique in 
reducing post-operative infection risks in the 
meta-analysis due to its lower infection rate of 0% as 
compared to the Lichtenstein group 3.09% to 5.5%.

In the meta-analysis, TAPP repair demonstrated low 
postoperative pain and reduced complications 
which aligns with the findings of Touzi25. who also 
reported faster recovery and reduced pain VAS 
scores, however, contrary to their findings of 

prolonged operative times for laparoscopic repair, 
the results indicate no significant difference in oper-
ative duration which reflects advancements in surgi-
cal expertise and standardization of technique. A 
study by Ghimire also reported lower complications 
with TAPP (10%) when compared to Lichtenstein 
(25%), including fewer hematomas and infections26.
International Guidelines for Groin Hernia Manage-
ment emphasized that post-operatively patients 
should be encouraged to return to their routine 
activities sooner27. There is no evidence which 
emphasizes restrictive recommendations post ingui-
nal hernia surgery27. There was even no association 
between early return to work with higher rates of 
hernia recurrences27. The average return to routine 
work in the analysis for TAPP group patients ranged 
from 8 to 12 days, compared to 15 to 21 days for 
Lichtenstein patients. Early return is beneficial for 
patients in reducing the overall impact on their work 
and daily life. A study by Jamil reported a faster 
return to work for TAPP patients in 10.47 ± 3.59 days 
versus Lichtenstein patients took 13.20 ± 4.75 days, 
hence reinforcing the recovery benefits of TAPP 
already highlighted in the meta-analysis28.

A systematic review conducted by Usmani reported 
that TAPP was found superior to open repair in terms 
of duration of postoperative hospital stay, pain 
scores on the VAS scale on postoperative days 1 
and 7, and complications, whereas Open repair 
appeared superior only in terms of operative time29.
Meta-analysis by Chávez Peón Pérez30 evaluated 
inguinal hernia repair with TAPP versus Lichtenstein 
techniques and suggested that the laparoscopic 
approach resulted in reduced complications relat-
ed to infection and chronic pain however the 
meta-analysis provided a more comprehensive 
comparison by including parameters such as opera-
tive time, return to work, and complications like 
hematoma and seroma rates, hence offered a 
broader evaluation. A study by Nair31 reported fewer 
infection rates in the TAPP group, thus suggesting 
that laparoscopic techniques had better infection 
control due to minimal invasiveness. Similarly, the 
analysis showed TAPP's procedure infection rates 
i.e., 0% in most studies vs. 3.09% to 5.5% for Lichten-
stein.

A meta-analysis by Lillo-Albert32 also reported that 
chronic inguinal pain was significantly lessened in 
laparo-endoscopic repair techniques compared to 
Lichtenstein repair. Wu33 observed in his meta-analy-
sis that pain scores were consistently lower for TAPP 
on postoperative days 1, 7, and beyond and thus 
underscores the sustained pain reduction advan-
tages of TAPP over Lichtenstein repair.

The results of a study by Shankar Gururaj Kollam-
pare34 also align with the observations of the analysis 
by demonstrating that TAPP repair was associated 

with significantly reduced postoperative pain VAS 
scores, faster mobilization on POD1 for TAPP vs. 
POD2/3 for Lichtenstein, and earlier return to work 
that is POD5 for TAPP vs. POD10–15 for Lichtenstein. 
The retrospective study by Salibašić35 reported that 
patients undergoing TAPP had shorter hospital stays 
and better recovery as compared to those treated 
with the Lichtenstein technique and these findings 
aligned with the study's observation that the TAPP 
Laparoscopic approach was associated with better 
recovery metrics. In another study by Mehmood36, 
an important key benefit was observed in TAPP 
repair which was its ability to detect and repair 
contralateral hernias during the same procedure, 
which was not possible with the open repairs and it 
highlighted the advantage of the laparoscopic 
technique, particularly in cases of bilateral inguinal 
hernias or asymptomatic contralateral defects.

Zargar´s study also supports the meta-analysis 
findings on superiority of TAPP over open repair, 
including reduced complication rates, quicker 
recovery period, and reduced pain37. However, it 
also provides insights into bilateral hernia repair and 
cost considerations which were not deeply viewed 
in the analysis. Rather38 in his study highlighted supe-
rior cosmetic outcomes for TAPP repair due to small 
port-site scars of 0.5–2 cm as compared to larger 
scars of 6–8 cm associated with the Lichtenstein 
technique.

Although the TAPP technique seems fruitful in terms 
of cost-effectiveness due to lower complication 
rates and faster recovery, despite the high costs 
associated with laparoscopic equipment and 
specialized laparoscopic skills training. The study by 
Hidalgo39 reported higher operative time and hospi-
tal stay expenditure with TAPP however its capability 
to access both inguinal regions and reduce 
long-term complications may justify its use in com-
plex cases. But still, in resource-limited settings like in 
Pakistan where advanced surgical laparoscopic 
facilities are not freely available, Lichtenstein repair 
is a simpler and preferred option. Assakran40 report-
ed that the overall cost of hernia procedure was 
significantly affected by the choice of surgical tech-
nique applied and the presence of comorbidities, 
with laparoscopic approaches generally associat-
ed with higher initial costs but improved long-term 
outcomes.

Further studies should be carried out to find out 
long-term post-operative outcomes, such as hernia 
recurrence rate and patients' quality of life, in order 
to evaluate a more comprehensive analysis of these 
surgical techniques.

CONCLUSION
Our meta-analysis revealed that TAPP repair offers 
significant advantages over Lichtenstein for having 

lower postoperative pain scores, reduced compli-
cation rates, and faster return to work and daily 
activities. However, the TAPP technique is associat-
ed with prolonged operative duration and requires 
advanced surgical expertise and facilities, which 
may limit its widespread application, particularly in 
resource-limited settings.

LIST OF ABBREVIATIONS
TAPP: Transabdominal Preperitoneal
RCTs: Randomised Controlled Trials
CI: Confidence Interval
SMD: Standardised Mean Difference
VAS: Visual Analogue Scale
LIHR: Laparoscopic Inguinal Hernia Repair
OIHR: Open Inguinal Hernia Repair
OR: Odds Ratio
TEP: Total Extraperitoneal
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Figure 1(b): Periodontal Tissue Regeneration 

Fig 1(c): This figure illustrates the latest advancements in regenerating craniofacial tissues, focusing on 
techniques to restore bone, cartilage, and soft tissues in the facial region. It highlights the use of stem cells, 
tissue engineering, 3D bioprinting, and biomaterials to repair congenital defects, trauma, or surgical 
resections, aiming to improve both functional and aesthetic outcomes in craniofacial reconstruction. 

Figure 1(c): 1 Craniofacial Tissue Regeneration 

Fig. 1(c) 2: This figure demonstrates the strategies for regenerating nerves and blood vessels, essential for 
restoring function and promoting healing in injured tissues. It highlights the use of stem cells, bioengineered 
scaffolds, growth factors, and advanced techniques like nerve grafting and vascular tissue engineering to 
repair nerve damage and re-establish blood supply, aiding in the recovery of both sensory and motor 
functions as well as improving tissue regeneration. 
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DISCUSSION
The meta-analysis reviewed a practical look at 
efficacy, safety, and recovery profiles of two mostly 
carried inguinal hernia repair methods that are TAPP 
(Transabdominal Preperitoneal Laparoscopic 
Approach) and Lichtenstein open repair procedure. 
The first ever laparoscopic hernia repair operation 
was performed by Dr. Ralph Ger in 1982 and trans-
abdominal preperitoneal (TAPP) hernia repair was 
first described in 199213. Surgeons' experience is vital 
in reducing surgery times and complication rates 
with both techniques being viable options depend-
ing on the operating surgeon's choice, expertise, 
and patient’s clinical profile14. The adoption of lapa-
roscopic techniques varies worldwide, with factors 
like cost, learning curve, and regional surgical prac-
tices influencing individual preferences15.

The data from nine different comparative studies 
carried out across different countries and variable 
periods to compare outcomes like procedure dura-
tion, hematoma, seroma, infection rates, acute 
postoperative pain levels, and return to work time 
period was analyzed. Early mobilization and 
minimum postoperative restrictions reflect a major 
role in facilitating robust recovery, thus aligning with 
findings that TAPP patients return to normal routine 
activities significantly faster than those undergoing 
traditional open repair16.

A laparoscopic surgical approach is technically 
more difficult, is a time-consuming procedure, 
requires advanced skills and in addition, intra-perito-
neal situations like adhesions, can cause further 
delays in carrying out TAPP procedures17. The 
meta-analysis of nine studies reveals that the TAPP 
laparoscopic procedure generally takes longer time 
duration than the Lichtenstein open repair tech-
nique. The duration for the TAPP procedure ranges 
from 46.3 to 96.12 minutes, whereas Lichtenstein 
repair ranges from 27.8 to 54.2 minutes. TAPP laparo-
scopic repair technique has got a steeper learning 
curve when compared to open Lichtenstein repair, 
the surgery duration can be prolonged initially but 
with advanced skills and a better understanding of 
the inguinal region anatomy, it can be shortened 
significantly14. Despite the longer surgery period in 
the laparoscopic group, the benefits of the TAPP 
procedure in terms of post-operative recovery 
outcomes can surely justify this increased time 
period18.

Acute pain post-operative inguinal hernia repair 
can be related to wound tissue healing, femoral 
nerve injury, and the patient’s hypersensitivity 
response to mesh that acts as a foreign body, or 
complications from mesh19. An important finding of 
the meta-analysis is the lessened acute post-opera-
tive pain with laparoscopic TAPP repair, the mean 
pain score for TAPP repair (5.66) is significantly lower 

when compared to the Lichtenstein open repair 
technique (8.53). Patients undergoing TAPP laparo-
scopic repair suffer less discomfort/pain immediate-
ly following operation, which can elevate the overall 
patient satisfaction score and the need for post-sur-
gery analgesics is reduced. 

The average complication rate for post-operative 
inguinal hernia repair is 3 to 8 percent, depending 
upon the clinical circumstances whether elective or 
emergency repair was performed, surgical 
approach whether open or laparoscopic and the 
site/type of the hernia20. In a study by Trehan postop-
erative complications during TAPP included scrotal 
edema incidence 11%, seroma formation 7%, and 
surgical site infection at 7%21. It showed a mean 
hospital stay of 41.56 hours for TAPP and in the analy-
sis mean hospital stay for TAPP patients was 3.2 ± 1.3 
days, with most discharged within 48–72 hours, 
hence showed similar trends of short hospital stays 
with TAPP, though slightly longer overall durations. 
The study by Thanh Xuan reported minimal compli-
cations with the TAPP technique, included only a 
3.2% rate of sensory disorders, and revealed that 
96.8% of cases were categorized as "very good" 
during the follow-up period22. 

The interventional study by Bansod conducted on 
50 patients found that TAPP repair resulted in 
minimal complications, including scrotal emphyse-
ma only 2% and port site infections 2%23. The 
meta-analysis shows that TAPP laparoscopic repair 
has a low overall complication incidence as com-
pared to Lichtenstein repair, with an Odds Ratio of 
0.461. Fewer complications are associated with 
TAPP repair, including hematoma, seroma, and 
post-operative wound infections. As with other 
studies, genital or scrotal numbness was also less 
common after the TAPP procedure and the reason 
was intra-operative genito-femoral or ilioinguinal 
nerve injury in the course of the open approach24. In 
the analysis the incidence of seroma formation was 
low in the TAPP group (mean 2.49%) as compared to 
Lichtenstein (mean 4.20%), thus indicating it a more 
favorable approach. Considering hematoma the 
rates were comparable between Lichtenstein 
(mean 2.55%) and TAPP group (mean 2.48%). The 
variation in TAPP laparoscopic group rates enhanc-
es the need for adopting careful surgical technique, 
surgical skills, and careful patient selection. TAPP has 
proven to be a minimally invasive technique in 
reducing post-operative infection risks in the 
meta-analysis due to its lower infection rate of 0% as 
compared to the Lichtenstein group 3.09% to 5.5%.

In the meta-analysis, TAPP repair demonstrated low 
postoperative pain and reduced complications 
which aligns with the findings of Touzi25. who also 
reported faster recovery and reduced pain VAS 
scores, however, contrary to their findings of 

prolonged operative times for laparoscopic repair, 
the results indicate no significant difference in oper-
ative duration which reflects advancements in surgi-
cal expertise and standardization of technique. A 
study by Ghimire also reported lower complications 
with TAPP (10%) when compared to Lichtenstein 
(25%), including fewer hematomas and infections26.
International Guidelines for Groin Hernia Manage-
ment emphasized that post-operatively patients 
should be encouraged to return to their routine 
activities sooner27. There is no evidence which 
emphasizes restrictive recommendations post ingui-
nal hernia surgery27. There was even no association 
between early return to work with higher rates of 
hernia recurrences27. The average return to routine 
work in the analysis for TAPP group patients ranged 
from 8 to 12 days, compared to 15 to 21 days for 
Lichtenstein patients. Early return is beneficial for 
patients in reducing the overall impact on their work 
and daily life. A study by Jamil reported a faster 
return to work for TAPP patients in 10.47 ± 3.59 days 
versus Lichtenstein patients took 13.20 ± 4.75 days, 
hence reinforcing the recovery benefits of TAPP 
already highlighted in the meta-analysis28.

A systematic review conducted by Usmani reported 
that TAPP was found superior to open repair in terms 
of duration of postoperative hospital stay, pain 
scores on the VAS scale on postoperative days 1 
and 7, and complications, whereas Open repair 
appeared superior only in terms of operative time29.
Meta-analysis by Chávez Peón Pérez30 evaluated 
inguinal hernia repair with TAPP versus Lichtenstein 
techniques and suggested that the laparoscopic 
approach resulted in reduced complications relat-
ed to infection and chronic pain however the 
meta-analysis provided a more comprehensive 
comparison by including parameters such as opera-
tive time, return to work, and complications like 
hematoma and seroma rates, hence offered a 
broader evaluation. A study by Nair31 reported fewer 
infection rates in the TAPP group, thus suggesting 
that laparoscopic techniques had better infection 
control due to minimal invasiveness. Similarly, the 
analysis showed TAPP's procedure infection rates 
i.e., 0% in most studies vs. 3.09% to 5.5% for Lichten-
stein.

A meta-analysis by Lillo-Albert32 also reported that 
chronic inguinal pain was significantly lessened in 
laparo-endoscopic repair techniques compared to 
Lichtenstein repair. Wu33 observed in his meta-analy-
sis that pain scores were consistently lower for TAPP 
on postoperative days 1, 7, and beyond and thus 
underscores the sustained pain reduction advan-
tages of TAPP over Lichtenstein repair.

The results of a study by Shankar Gururaj Kollam-
pare34 also align with the observations of the analysis 
by demonstrating that TAPP repair was associated 

with significantly reduced postoperative pain VAS 
scores, faster mobilization on POD1 for TAPP vs. 
POD2/3 for Lichtenstein, and earlier return to work 
that is POD5 for TAPP vs. POD10–15 for Lichtenstein. 
The retrospective study by Salibašić35 reported that 
patients undergoing TAPP had shorter hospital stays 
and better recovery as compared to those treated 
with the Lichtenstein technique and these findings 
aligned with the study's observation that the TAPP 
Laparoscopic approach was associated with better 
recovery metrics. In another study by Mehmood36, 
an important key benefit was observed in TAPP 
repair which was its ability to detect and repair 
contralateral hernias during the same procedure, 
which was not possible with the open repairs and it 
highlighted the advantage of the laparoscopic 
technique, particularly in cases of bilateral inguinal 
hernias or asymptomatic contralateral defects.

Zargar´s study also supports the meta-analysis 
findings on superiority of TAPP over open repair, 
including reduced complication rates, quicker 
recovery period, and reduced pain37. However, it 
also provides insights into bilateral hernia repair and 
cost considerations which were not deeply viewed 
in the analysis. Rather38 in his study highlighted supe-
rior cosmetic outcomes for TAPP repair due to small 
port-site scars of 0.5–2 cm as compared to larger 
scars of 6–8 cm associated with the Lichtenstein 
technique.

Although the TAPP technique seems fruitful in terms 
of cost-effectiveness due to lower complication 
rates and faster recovery, despite the high costs 
associated with laparoscopic equipment and 
specialized laparoscopic skills training. The study by 
Hidalgo39 reported higher operative time and hospi-
tal stay expenditure with TAPP however its capability 
to access both inguinal regions and reduce 
long-term complications may justify its use in com-
plex cases. But still, in resource-limited settings like in 
Pakistan where advanced surgical laparoscopic 
facilities are not freely available, Lichtenstein repair 
is a simpler and preferred option. Assakran40 report-
ed that the overall cost of hernia procedure was 
significantly affected by the choice of surgical tech-
nique applied and the presence of comorbidities, 
with laparoscopic approaches generally associat-
ed with higher initial costs but improved long-term 
outcomes.

Further studies should be carried out to find out 
long-term post-operative outcomes, such as hernia 
recurrence rate and patients' quality of life, in order 
to evaluate a more comprehensive analysis of these 
surgical techniques.

CONCLUSION
Our meta-analysis revealed that TAPP repair offers 
significant advantages over Lichtenstein for having 

lower postoperative pain scores, reduced compli-
cation rates, and faster return to work and daily 
activities. However, the TAPP technique is associat-
ed with prolonged operative duration and requires 
advanced surgical expertise and facilities, which 
may limit its widespread application, particularly in 
resource-limited settings.

LIST OF ABBREVIATIONS
TAPP: Transabdominal Preperitoneal
RCTs: Randomised Controlled Trials
CI: Confidence Interval
SMD: Standardised Mean Difference
VAS: Visual Analogue Scale
LIHR: Laparoscopic Inguinal Hernia Repair
OIHR: Open Inguinal Hernia Repair
OR: Odds Ratio
TEP: Total Extraperitoneal
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Fig 1 (c) 2 Nerve Regeneration 
 

While all of the previously described medications are cell-free and target endogenous cell homing, a few 
cell-based regenerative endodontic methods are beginning clinical trials based on the encouraging results 
of powerful creature ponders. A clinical experiment used granulocyte colony-stimulating factor in 
atelocollagen to transplant autologous dental pulp stem cells (DPSCs) that were grown in vitro from 
extracted third molars into pulpectomy teeth. At a one-year follow-up, regenerative endodontic methods 
using allogeneic human umbilical rope mesenchymal stem cells in a plasma-derived biomaterial showed 
increased affectability and blood flow in developed teeth with apical injuries, demonstrating the clinical 
security and viability of allogeneic endodontic regenerative cell therapy17. 

 

Periodontal Tissue RegenerationThe goal of periodontal therapy is to return the periodontium's damaged, 
intricate tissue components to their original state of engineering and functionality18. Success rates differ 
based on the approach and characteristics of the blockage layer, even though guided tissue regeneration 
is preferable over conventional periodontal therapy. In periodontal therapy, the current tendency is away 
from reparative methods and toward "genuine" regenerative ones19,20,21. Bone pieces are one option 
available as produced fillers (alloplastic fabric), auto to get around these limitations, composite films 
consisting of gelatin, polycaprolactone, and zinc oxide nanoparticles were created. Research has shown 
that inadequate treatment outcomes may be caused by microbial colonization as well as film rupture22. 
Furthermore, it has been shown that radiographic bone fill and clinical connection levels are significantly 
altered by the use of PRF in combination with open-fold debridement and bone union23, 24. Conversely, many 
biomaterials and development factors including FGF-2, PDGF, and bone morphogenetic protein-2 have 
shown improved clinical results. Several clinical trials have been conducted to treat periodontal surrenders 
with cell-based regeneration techniques 25, 26, 27, 28,29,30. Options for treating periodontal abandons after open-
fold debridement include autologous human periodontal tendon stem cells taken from third molars or the 
insertion of gelatin platforms. Over a lengthy period following surgery, this has demonstrated encouraging 
results in terms of bone density, clinical connection issues, and tooth movement (Fig: 1b)29. 

 
Temporomandibular Joint (TMJ) Regeneration 
The TMJ is commonly the site of pathologies in the oral and maxillofacial (OMF) area. The three most common 
TMJ clutters are TMJ osteoarthritis (TMJ-OA), immune system disturbances, and plate confusion clutters. Thirty 
Treatment for TMJ-OA is now based on how severe it is. For TMJ-OA, underused regenerative restorative 
therapy approaches are required31,32. Bone marrow mesenchymal stem cells (BMMSCs) were injected into 
the osteoarthritic TMJ in clinical studies, and the results showed greater chewing efficiency, a wider jaw 
opening, and better alleviation from forward pain (Figure-1c)33,34,35. Orthodontic treatments include intra-
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DISCUSSION
The meta-analysis reviewed a practical look at 
efficacy, safety, and recovery profiles of two mostly 
carried inguinal hernia repair methods that are TAPP 
(Transabdominal Preperitoneal Laparoscopic 
Approach) and Lichtenstein open repair procedure. 
The first ever laparoscopic hernia repair operation 
was performed by Dr. Ralph Ger in 1982 and trans-
abdominal preperitoneal (TAPP) hernia repair was 
first described in 199213. Surgeons' experience is vital 
in reducing surgery times and complication rates 
with both techniques being viable options depend-
ing on the operating surgeon's choice, expertise, 
and patient’s clinical profile14. The adoption of lapa-
roscopic techniques varies worldwide, with factors 
like cost, learning curve, and regional surgical prac-
tices influencing individual preferences15.

The data from nine different comparative studies 
carried out across different countries and variable 
periods to compare outcomes like procedure dura-
tion, hematoma, seroma, infection rates, acute 
postoperative pain levels, and return to work time 
period was analyzed. Early mobilization and 
minimum postoperative restrictions reflect a major 
role in facilitating robust recovery, thus aligning with 
findings that TAPP patients return to normal routine 
activities significantly faster than those undergoing 
traditional open repair16.

A laparoscopic surgical approach is technically 
more difficult, is a time-consuming procedure, 
requires advanced skills and in addition, intra-perito-
neal situations like adhesions, can cause further 
delays in carrying out TAPP procedures17. The 
meta-analysis of nine studies reveals that the TAPP 
laparoscopic procedure generally takes longer time 
duration than the Lichtenstein open repair tech-
nique. The duration for the TAPP procedure ranges 
from 46.3 to 96.12 minutes, whereas Lichtenstein 
repair ranges from 27.8 to 54.2 minutes. TAPP laparo-
scopic repair technique has got a steeper learning 
curve when compared to open Lichtenstein repair, 
the surgery duration can be prolonged initially but 
with advanced skills and a better understanding of 
the inguinal region anatomy, it can be shortened 
significantly14. Despite the longer surgery period in 
the laparoscopic group, the benefits of the TAPP 
procedure in terms of post-operative recovery 
outcomes can surely justify this increased time 
period18.

Acute pain post-operative inguinal hernia repair 
can be related to wound tissue healing, femoral 
nerve injury, and the patient’s hypersensitivity 
response to mesh that acts as a foreign body, or 
complications from mesh19. An important finding of 
the meta-analysis is the lessened acute post-opera-
tive pain with laparoscopic TAPP repair, the mean 
pain score for TAPP repair (5.66) is significantly lower 

when compared to the Lichtenstein open repair 
technique (8.53). Patients undergoing TAPP laparo-
scopic repair suffer less discomfort/pain immediate-
ly following operation, which can elevate the overall 
patient satisfaction score and the need for post-sur-
gery analgesics is reduced. 

The average complication rate for post-operative 
inguinal hernia repair is 3 to 8 percent, depending 
upon the clinical circumstances whether elective or 
emergency repair was performed, surgical 
approach whether open or laparoscopic and the 
site/type of the hernia20. In a study by Trehan postop-
erative complications during TAPP included scrotal 
edema incidence 11%, seroma formation 7%, and 
surgical site infection at 7%21. It showed a mean 
hospital stay of 41.56 hours for TAPP and in the analy-
sis mean hospital stay for TAPP patients was 3.2 ± 1.3 
days, with most discharged within 48–72 hours, 
hence showed similar trends of short hospital stays 
with TAPP, though slightly longer overall durations. 
The study by Thanh Xuan reported minimal compli-
cations with the TAPP technique, included only a 
3.2% rate of sensory disorders, and revealed that 
96.8% of cases were categorized as "very good" 
during the follow-up period22. 

The interventional study by Bansod conducted on 
50 patients found that TAPP repair resulted in 
minimal complications, including scrotal emphyse-
ma only 2% and port site infections 2%23. The 
meta-analysis shows that TAPP laparoscopic repair 
has a low overall complication incidence as com-
pared to Lichtenstein repair, with an Odds Ratio of 
0.461. Fewer complications are associated with 
TAPP repair, including hematoma, seroma, and 
post-operative wound infections. As with other 
studies, genital or scrotal numbness was also less 
common after the TAPP procedure and the reason 
was intra-operative genito-femoral or ilioinguinal 
nerve injury in the course of the open approach24. In 
the analysis the incidence of seroma formation was 
low in the TAPP group (mean 2.49%) as compared to 
Lichtenstein (mean 4.20%), thus indicating it a more 
favorable approach. Considering hematoma the 
rates were comparable between Lichtenstein 
(mean 2.55%) and TAPP group (mean 2.48%). The 
variation in TAPP laparoscopic group rates enhanc-
es the need for adopting careful surgical technique, 
surgical skills, and careful patient selection. TAPP has 
proven to be a minimally invasive technique in 
reducing post-operative infection risks in the 
meta-analysis due to its lower infection rate of 0% as 
compared to the Lichtenstein group 3.09% to 5.5%.

In the meta-analysis, TAPP repair demonstrated low 
postoperative pain and reduced complications 
which aligns with the findings of Touzi25. who also 
reported faster recovery and reduced pain VAS 
scores, however, contrary to their findings of 

prolonged operative times for laparoscopic repair, 
the results indicate no significant difference in oper-
ative duration which reflects advancements in surgi-
cal expertise and standardization of technique. A 
study by Ghimire also reported lower complications 
with TAPP (10%) when compared to Lichtenstein 
(25%), including fewer hematomas and infections26.
International Guidelines for Groin Hernia Manage-
ment emphasized that post-operatively patients 
should be encouraged to return to their routine 
activities sooner27. There is no evidence which 
emphasizes restrictive recommendations post ingui-
nal hernia surgery27. There was even no association 
between early return to work with higher rates of 
hernia recurrences27. The average return to routine 
work in the analysis for TAPP group patients ranged 
from 8 to 12 days, compared to 15 to 21 days for 
Lichtenstein patients. Early return is beneficial for 
patients in reducing the overall impact on their work 
and daily life. A study by Jamil reported a faster 
return to work for TAPP patients in 10.47 ± 3.59 days 
versus Lichtenstein patients took 13.20 ± 4.75 days, 
hence reinforcing the recovery benefits of TAPP 
already highlighted in the meta-analysis28.

A systematic review conducted by Usmani reported 
that TAPP was found superior to open repair in terms 
of duration of postoperative hospital stay, pain 
scores on the VAS scale on postoperative days 1 
and 7, and complications, whereas Open repair 
appeared superior only in terms of operative time29.
Meta-analysis by Chávez Peón Pérez30 evaluated 
inguinal hernia repair with TAPP versus Lichtenstein 
techniques and suggested that the laparoscopic 
approach resulted in reduced complications relat-
ed to infection and chronic pain however the 
meta-analysis provided a more comprehensive 
comparison by including parameters such as opera-
tive time, return to work, and complications like 
hematoma and seroma rates, hence offered a 
broader evaluation. A study by Nair31 reported fewer 
infection rates in the TAPP group, thus suggesting 
that laparoscopic techniques had better infection 
control due to minimal invasiveness. Similarly, the 
analysis showed TAPP's procedure infection rates 
i.e., 0% in most studies vs. 3.09% to 5.5% for Lichten-
stein.

A meta-analysis by Lillo-Albert32 also reported that 
chronic inguinal pain was significantly lessened in 
laparo-endoscopic repair techniques compared to 
Lichtenstein repair. Wu33 observed in his meta-analy-
sis that pain scores were consistently lower for TAPP 
on postoperative days 1, 7, and beyond and thus 
underscores the sustained pain reduction advan-
tages of TAPP over Lichtenstein repair.

The results of a study by Shankar Gururaj Kollam-
pare34 also align with the observations of the analysis 
by demonstrating that TAPP repair was associated 

with significantly reduced postoperative pain VAS 
scores, faster mobilization on POD1 for TAPP vs. 
POD2/3 for Lichtenstein, and earlier return to work 
that is POD5 for TAPP vs. POD10–15 for Lichtenstein. 
The retrospective study by Salibašić35 reported that 
patients undergoing TAPP had shorter hospital stays 
and better recovery as compared to those treated 
with the Lichtenstein technique and these findings 
aligned with the study's observation that the TAPP 
Laparoscopic approach was associated with better 
recovery metrics. In another study by Mehmood36, 
an important key benefit was observed in TAPP 
repair which was its ability to detect and repair 
contralateral hernias during the same procedure, 
which was not possible with the open repairs and it 
highlighted the advantage of the laparoscopic 
technique, particularly in cases of bilateral inguinal 
hernias or asymptomatic contralateral defects.

Zargar´s study also supports the meta-analysis 
findings on superiority of TAPP over open repair, 
including reduced complication rates, quicker 
recovery period, and reduced pain37. However, it 
also provides insights into bilateral hernia repair and 
cost considerations which were not deeply viewed 
in the analysis. Rather38 in his study highlighted supe-
rior cosmetic outcomes for TAPP repair due to small 
port-site scars of 0.5–2 cm as compared to larger 
scars of 6–8 cm associated with the Lichtenstein 
technique.

Although the TAPP technique seems fruitful in terms 
of cost-effectiveness due to lower complication 
rates and faster recovery, despite the high costs 
associated with laparoscopic equipment and 
specialized laparoscopic skills training. The study by 
Hidalgo39 reported higher operative time and hospi-
tal stay expenditure with TAPP however its capability 
to access both inguinal regions and reduce 
long-term complications may justify its use in com-
plex cases. But still, in resource-limited settings like in 
Pakistan where advanced surgical laparoscopic 
facilities are not freely available, Lichtenstein repair 
is a simpler and preferred option. Assakran40 report-
ed that the overall cost of hernia procedure was 
significantly affected by the choice of surgical tech-
nique applied and the presence of comorbidities, 
with laparoscopic approaches generally associat-
ed with higher initial costs but improved long-term 
outcomes.

Further studies should be carried out to find out 
long-term post-operative outcomes, such as hernia 
recurrence rate and patients' quality of life, in order 
to evaluate a more comprehensive analysis of these 
surgical techniques.

CONCLUSION
Our meta-analysis revealed that TAPP repair offers 
significant advantages over Lichtenstein for having 

lower postoperative pain scores, reduced compli-
cation rates, and faster return to work and daily 
activities. However, the TAPP technique is associat-
ed with prolonged operative duration and requires 
advanced surgical expertise and facilities, which 
may limit its widespread application, particularly in 
resource-limited settings.

LIST OF ABBREVIATIONS
TAPP: Transabdominal Preperitoneal
RCTs: Randomised Controlled Trials
CI: Confidence Interval
SMD: Standardised Mean Difference
VAS: Visual Analogue Scale
LIHR: Laparoscopic Inguinal Hernia Repair
OIHR: Open Inguinal Hernia Repair
OR: Odds Ratio
TEP: Total Extraperitoneal
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articular infusions, arthrocentesis, arthroscopy, and occlusal supports. The use of BMMSCs in TMJ-OA has 
received a lot of attention in animal models. We're presently researching in vivo the effectiveness of DSCs as 
a treatment for TMJ-OA. Exosomes generated from mesenchymal stem cells (MSC) and platelet-rich plasma 
have also been employed in animal models of TMJ OA to treat the condition. According to the results of this 
therapy, the quantity of TMJ aggravation is reduced by exosome treatment. This is followed by the network's 
expression and extension, which happen when the subcondylar cartilage and bones heal36,37, 38. The results 
suggest that intraarticular stem cells might be a useful treatment for TMJ-OA TMJ-OA in animal models has 
also been treated in experiments using exosomes and platelet-rich plasma generated from mesenchymal 
stem cells (MSCs).   

 

CRANIOFACIAL TISSUE ENGINEERING 

i)Regeneration of Bone 

 

OMF structures are challenging to reconstruct because of the wide range of tissues involved, the intricate 
utilitarian design that demands precise neuromuscular synchronization, and the aesthetic standards. 
Damage, diseases, formative irregularities, or surgical excision of benign or malignant tumors can all result in 
OMF absconds. Autologous and allograft bone grafts, demineralized bone frameworks, hydroxyapatite 
calcium phosphate, collagen platforms, bone morphogenetic proteins, and bone marrow suction 
concentrate can all be used to rebuild the OMF site 39,40. Nevertheless, the preferred treatment for replicating 
massive hard absconds, such as in segmental mandibles, is standard autologous joins that may be 
transmitted as microvascular free fibula folds. Iliac bone connections and costochondral rib bone units are 
examples of autologous joins. Although autogenous bone units are still the preferred material for bone joining, 
individualized 3D printed nanohydroxyapatite (3DHA) square joints with linked development factors have 
entered clinical trials and shown promising outcomes41,42,43,44,45,46,47,48,49. One important step in increasing the 
life of implants may be bone growth before dental inserts are placed in resorbed alveolar margins41,42,43,44,45,46, 

47. 

ii)Nerve Regeneration 
Autologous nerve conduits and connections can be used to restore damaged orofacial nerves. Initially 
composed of non-resorbable fabric, but over time, resorbable components like collagen were added. 
Schwann cells, or stem cells, have been integrated into a channel for enhanced recuperation in recent 
developments. To facilitate the repair of peripheral nerves, gingival MSCs have been identified as a potential 
cell source for 3D bioprinting nerve structures without a scaffold48,49,50. 

iii)Salivary Gland Regeneration 
For individuals with compromised organ function, salivary organ regeneration is appropriate. By increasing 
salivary flow rate, extending acinar and ductal ranges, and decreasing fibrosis, adipose-derived MSCs 
(AMSCs) have been shown to enhance salivary organ recovery. Research has shown that umbilical cord-
derived MSC intravenous mixes can increase salivary flow rate while lowering Sjogren syndrome side effects, 
even though few regenerative restorative procedures are being employed in clinical settings51,52,53,54,55,56. 

CURRENT TRENDS AND FUTURE PERSPECTIVES IN REGENERATIVE DENTISTRY 
Cell Sheets, Spheroids, And Organoids 
Although patients with reduced salivary gland function are now treated with sialagogues and artificial saliva, 
regeneration therapy is the recommended treatment option. With adipose-derived MSCs, radiation-treated 
patients have shown improved salivary flow rate and reduced fibrosis. Research on MSC infusions made from 
the umbilical cord has shown promise in not only increasing salivary flow rate but also mitigating the 
symptoms of Sjogren syndrome. These findings open the door to better regenerative dental treatment 
options57,58.  

Progress in Regenerative Dentistry Approaches: An Update  
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DISCUSSION
The meta-analysis reviewed a practical look at 
efficacy, safety, and recovery profiles of two mostly 
carried inguinal hernia repair methods that are TAPP 
(Transabdominal Preperitoneal Laparoscopic 
Approach) and Lichtenstein open repair procedure. 
The first ever laparoscopic hernia repair operation 
was performed by Dr. Ralph Ger in 1982 and trans-
abdominal preperitoneal (TAPP) hernia repair was 
first described in 199213. Surgeons' experience is vital 
in reducing surgery times and complication rates 
with both techniques being viable options depend-
ing on the operating surgeon's choice, expertise, 
and patient’s clinical profile14. The adoption of lapa-
roscopic techniques varies worldwide, with factors 
like cost, learning curve, and regional surgical prac-
tices influencing individual preferences15.

The data from nine different comparative studies 
carried out across different countries and variable 
periods to compare outcomes like procedure dura-
tion, hematoma, seroma, infection rates, acute 
postoperative pain levels, and return to work time 
period was analyzed. Early mobilization and 
minimum postoperative restrictions reflect a major 
role in facilitating robust recovery, thus aligning with 
findings that TAPP patients return to normal routine 
activities significantly faster than those undergoing 
traditional open repair16.

A laparoscopic surgical approach is technically 
more difficult, is a time-consuming procedure, 
requires advanced skills and in addition, intra-perito-
neal situations like adhesions, can cause further 
delays in carrying out TAPP procedures17. The 
meta-analysis of nine studies reveals that the TAPP 
laparoscopic procedure generally takes longer time 
duration than the Lichtenstein open repair tech-
nique. The duration for the TAPP procedure ranges 
from 46.3 to 96.12 minutes, whereas Lichtenstein 
repair ranges from 27.8 to 54.2 minutes. TAPP laparo-
scopic repair technique has got a steeper learning 
curve when compared to open Lichtenstein repair, 
the surgery duration can be prolonged initially but 
with advanced skills and a better understanding of 
the inguinal region anatomy, it can be shortened 
significantly14. Despite the longer surgery period in 
the laparoscopic group, the benefits of the TAPP 
procedure in terms of post-operative recovery 
outcomes can surely justify this increased time 
period18.

Acute pain post-operative inguinal hernia repair 
can be related to wound tissue healing, femoral 
nerve injury, and the patient’s hypersensitivity 
response to mesh that acts as a foreign body, or 
complications from mesh19. An important finding of 
the meta-analysis is the lessened acute post-opera-
tive pain with laparoscopic TAPP repair, the mean 
pain score for TAPP repair (5.66) is significantly lower 

when compared to the Lichtenstein open repair 
technique (8.53). Patients undergoing TAPP laparo-
scopic repair suffer less discomfort/pain immediate-
ly following operation, which can elevate the overall 
patient satisfaction score and the need for post-sur-
gery analgesics is reduced. 

The average complication rate for post-operative 
inguinal hernia repair is 3 to 8 percent, depending 
upon the clinical circumstances whether elective or 
emergency repair was performed, surgical 
approach whether open or laparoscopic and the 
site/type of the hernia20. In a study by Trehan postop-
erative complications during TAPP included scrotal 
edema incidence 11%, seroma formation 7%, and 
surgical site infection at 7%21. It showed a mean 
hospital stay of 41.56 hours for TAPP and in the analy-
sis mean hospital stay for TAPP patients was 3.2 ± 1.3 
days, with most discharged within 48–72 hours, 
hence showed similar trends of short hospital stays 
with TAPP, though slightly longer overall durations. 
The study by Thanh Xuan reported minimal compli-
cations with the TAPP technique, included only a 
3.2% rate of sensory disorders, and revealed that 
96.8% of cases were categorized as "very good" 
during the follow-up period22. 

The interventional study by Bansod conducted on 
50 patients found that TAPP repair resulted in 
minimal complications, including scrotal emphyse-
ma only 2% and port site infections 2%23. The 
meta-analysis shows that TAPP laparoscopic repair 
has a low overall complication incidence as com-
pared to Lichtenstein repair, with an Odds Ratio of 
0.461. Fewer complications are associated with 
TAPP repair, including hematoma, seroma, and 
post-operative wound infections. As with other 
studies, genital or scrotal numbness was also less 
common after the TAPP procedure and the reason 
was intra-operative genito-femoral or ilioinguinal 
nerve injury in the course of the open approach24. In 
the analysis the incidence of seroma formation was 
low in the TAPP group (mean 2.49%) as compared to 
Lichtenstein (mean 4.20%), thus indicating it a more 
favorable approach. Considering hematoma the 
rates were comparable between Lichtenstein 
(mean 2.55%) and TAPP group (mean 2.48%). The 
variation in TAPP laparoscopic group rates enhanc-
es the need for adopting careful surgical technique, 
surgical skills, and careful patient selection. TAPP has 
proven to be a minimally invasive technique in 
reducing post-operative infection risks in the 
meta-analysis due to its lower infection rate of 0% as 
compared to the Lichtenstein group 3.09% to 5.5%.

In the meta-analysis, TAPP repair demonstrated low 
postoperative pain and reduced complications 
which aligns with the findings of Touzi25. who also 
reported faster recovery and reduced pain VAS 
scores, however, contrary to their findings of 

prolonged operative times for laparoscopic repair, 
the results indicate no significant difference in oper-
ative duration which reflects advancements in surgi-
cal expertise and standardization of technique. A 
study by Ghimire also reported lower complications 
with TAPP (10%) when compared to Lichtenstein 
(25%), including fewer hematomas and infections26.
International Guidelines for Groin Hernia Manage-
ment emphasized that post-operatively patients 
should be encouraged to return to their routine 
activities sooner27. There is no evidence which 
emphasizes restrictive recommendations post ingui-
nal hernia surgery27. There was even no association 
between early return to work with higher rates of 
hernia recurrences27. The average return to routine 
work in the analysis for TAPP group patients ranged 
from 8 to 12 days, compared to 15 to 21 days for 
Lichtenstein patients. Early return is beneficial for 
patients in reducing the overall impact on their work 
and daily life. A study by Jamil reported a faster 
return to work for TAPP patients in 10.47 ± 3.59 days 
versus Lichtenstein patients took 13.20 ± 4.75 days, 
hence reinforcing the recovery benefits of TAPP 
already highlighted in the meta-analysis28.

A systematic review conducted by Usmani reported 
that TAPP was found superior to open repair in terms 
of duration of postoperative hospital stay, pain 
scores on the VAS scale on postoperative days 1 
and 7, and complications, whereas Open repair 
appeared superior only in terms of operative time29.
Meta-analysis by Chávez Peón Pérez30 evaluated 
inguinal hernia repair with TAPP versus Lichtenstein 
techniques and suggested that the laparoscopic 
approach resulted in reduced complications relat-
ed to infection and chronic pain however the 
meta-analysis provided a more comprehensive 
comparison by including parameters such as opera-
tive time, return to work, and complications like 
hematoma and seroma rates, hence offered a 
broader evaluation. A study by Nair31 reported fewer 
infection rates in the TAPP group, thus suggesting 
that laparoscopic techniques had better infection 
control due to minimal invasiveness. Similarly, the 
analysis showed TAPP's procedure infection rates 
i.e., 0% in most studies vs. 3.09% to 5.5% for Lichten-
stein.

A meta-analysis by Lillo-Albert32 also reported that 
chronic inguinal pain was significantly lessened in 
laparo-endoscopic repair techniques compared to 
Lichtenstein repair. Wu33 observed in his meta-analy-
sis that pain scores were consistently lower for TAPP 
on postoperative days 1, 7, and beyond and thus 
underscores the sustained pain reduction advan-
tages of TAPP over Lichtenstein repair.

The results of a study by Shankar Gururaj Kollam-
pare34 also align with the observations of the analysis 
by demonstrating that TAPP repair was associated 

with significantly reduced postoperative pain VAS 
scores, faster mobilization on POD1 for TAPP vs. 
POD2/3 for Lichtenstein, and earlier return to work 
that is POD5 for TAPP vs. POD10–15 for Lichtenstein. 
The retrospective study by Salibašić35 reported that 
patients undergoing TAPP had shorter hospital stays 
and better recovery as compared to those treated 
with the Lichtenstein technique and these findings 
aligned with the study's observation that the TAPP 
Laparoscopic approach was associated with better 
recovery metrics. In another study by Mehmood36, 
an important key benefit was observed in TAPP 
repair which was its ability to detect and repair 
contralateral hernias during the same procedure, 
which was not possible with the open repairs and it 
highlighted the advantage of the laparoscopic 
technique, particularly in cases of bilateral inguinal 
hernias or asymptomatic contralateral defects.

Zargar´s study also supports the meta-analysis 
findings on superiority of TAPP over open repair, 
including reduced complication rates, quicker 
recovery period, and reduced pain37. However, it 
also provides insights into bilateral hernia repair and 
cost considerations which were not deeply viewed 
in the analysis. Rather38 in his study highlighted supe-
rior cosmetic outcomes for TAPP repair due to small 
port-site scars of 0.5–2 cm as compared to larger 
scars of 6–8 cm associated with the Lichtenstein 
technique.

Although the TAPP technique seems fruitful in terms 
of cost-effectiveness due to lower complication 
rates and faster recovery, despite the high costs 
associated with laparoscopic equipment and 
specialized laparoscopic skills training. The study by 
Hidalgo39 reported higher operative time and hospi-
tal stay expenditure with TAPP however its capability 
to access both inguinal regions and reduce 
long-term complications may justify its use in com-
plex cases. But still, in resource-limited settings like in 
Pakistan where advanced surgical laparoscopic 
facilities are not freely available, Lichtenstein repair 
is a simpler and preferred option. Assakran40 report-
ed that the overall cost of hernia procedure was 
significantly affected by the choice of surgical tech-
nique applied and the presence of comorbidities, 
with laparoscopic approaches generally associat-
ed with higher initial costs but improved long-term 
outcomes.

Further studies should be carried out to find out 
long-term post-operative outcomes, such as hernia 
recurrence rate and patients' quality of life, in order 
to evaluate a more comprehensive analysis of these 
surgical techniques.

CONCLUSION
Our meta-analysis revealed that TAPP repair offers 
significant advantages over Lichtenstein for having 

lower postoperative pain scores, reduced compli-
cation rates, and faster return to work and daily 
activities. However, the TAPP technique is associat-
ed with prolonged operative duration and requires 
advanced surgical expertise and facilities, which 
may limit its widespread application, particularly in 
resource-limited settings.
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CONCLUSIONS 
With the use of MSCs such as DSCs, BMMSCs, and 
AMSCs, regenerative dentistry has greatly improved; 
because DSCs are non-invasive, they perform better 
than BMMSCs. Tissue engineering has evolved to 
provide customized, patient-specific constructions 
thanks to bioprinting and computer-aided design. 
Functional restoration could be possible with future 
developments in spheroid and organoid manufac-
turing.
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DISCUSSION
The meta-analysis reviewed a practical look at 
efficacy, safety, and recovery profiles of two mostly 
carried inguinal hernia repair methods that are TAPP 
(Transabdominal Preperitoneal Laparoscopic 
Approach) and Lichtenstein open repair procedure. 
The first ever laparoscopic hernia repair operation 
was performed by Dr. Ralph Ger in 1982 and trans-
abdominal preperitoneal (TAPP) hernia repair was 
first described in 199213. Surgeons' experience is vital 
in reducing surgery times and complication rates 
with both techniques being viable options depend-
ing on the operating surgeon's choice, expertise, 
and patient’s clinical profile14. The adoption of lapa-
roscopic techniques varies worldwide, with factors 
like cost, learning curve, and regional surgical prac-
tices influencing individual preferences15.

The data from nine different comparative studies 
carried out across different countries and variable 
periods to compare outcomes like procedure dura-
tion, hematoma, seroma, infection rates, acute 
postoperative pain levels, and return to work time 
period was analyzed. Early mobilization and 
minimum postoperative restrictions reflect a major 
role in facilitating robust recovery, thus aligning with 
findings that TAPP patients return to normal routine 
activities significantly faster than those undergoing 
traditional open repair16.

A laparoscopic surgical approach is technically 
more difficult, is a time-consuming procedure, 
requires advanced skills and in addition, intra-perito-
neal situations like adhesions, can cause further 
delays in carrying out TAPP procedures17. The 
meta-analysis of nine studies reveals that the TAPP 
laparoscopic procedure generally takes longer time 
duration than the Lichtenstein open repair tech-
nique. The duration for the TAPP procedure ranges 
from 46.3 to 96.12 minutes, whereas Lichtenstein 
repair ranges from 27.8 to 54.2 minutes. TAPP laparo-
scopic repair technique has got a steeper learning 
curve when compared to open Lichtenstein repair, 
the surgery duration can be prolonged initially but 
with advanced skills and a better understanding of 
the inguinal region anatomy, it can be shortened 
significantly14. Despite the longer surgery period in 
the laparoscopic group, the benefits of the TAPP 
procedure in terms of post-operative recovery 
outcomes can surely justify this increased time 
period18.

Acute pain post-operative inguinal hernia repair 
can be related to wound tissue healing, femoral 
nerve injury, and the patient’s hypersensitivity 
response to mesh that acts as a foreign body, or 
complications from mesh19. An important finding of 
the meta-analysis is the lessened acute post-opera-
tive pain with laparoscopic TAPP repair, the mean 
pain score for TAPP repair (5.66) is significantly lower 

when compared to the Lichtenstein open repair 
technique (8.53). Patients undergoing TAPP laparo-
scopic repair suffer less discomfort/pain immediate-
ly following operation, which can elevate the overall 
patient satisfaction score and the need for post-sur-
gery analgesics is reduced. 

The average complication rate for post-operative 
inguinal hernia repair is 3 to 8 percent, depending 
upon the clinical circumstances whether elective or 
emergency repair was performed, surgical 
approach whether open or laparoscopic and the 
site/type of the hernia20. In a study by Trehan postop-
erative complications during TAPP included scrotal 
edema incidence 11%, seroma formation 7%, and 
surgical site infection at 7%21. It showed a mean 
hospital stay of 41.56 hours for TAPP and in the analy-
sis mean hospital stay for TAPP patients was 3.2 ± 1.3 
days, with most discharged within 48–72 hours, 
hence showed similar trends of short hospital stays 
with TAPP, though slightly longer overall durations. 
The study by Thanh Xuan reported minimal compli-
cations with the TAPP technique, included only a 
3.2% rate of sensory disorders, and revealed that 
96.8% of cases were categorized as "very good" 
during the follow-up period22. 

The interventional study by Bansod conducted on 
50 patients found that TAPP repair resulted in 
minimal complications, including scrotal emphyse-
ma only 2% and port site infections 2%23. The 
meta-analysis shows that TAPP laparoscopic repair 
has a low overall complication incidence as com-
pared to Lichtenstein repair, with an Odds Ratio of 
0.461. Fewer complications are associated with 
TAPP repair, including hematoma, seroma, and 
post-operative wound infections. As with other 
studies, genital or scrotal numbness was also less 
common after the TAPP procedure and the reason 
was intra-operative genito-femoral or ilioinguinal 
nerve injury in the course of the open approach24. In 
the analysis the incidence of seroma formation was 
low in the TAPP group (mean 2.49%) as compared to 
Lichtenstein (mean 4.20%), thus indicating it a more 
favorable approach. Considering hematoma the 
rates were comparable between Lichtenstein 
(mean 2.55%) and TAPP group (mean 2.48%). The 
variation in TAPP laparoscopic group rates enhanc-
es the need for adopting careful surgical technique, 
surgical skills, and careful patient selection. TAPP has 
proven to be a minimally invasive technique in 
reducing post-operative infection risks in the 
meta-analysis due to its lower infection rate of 0% as 
compared to the Lichtenstein group 3.09% to 5.5%.

In the meta-analysis, TAPP repair demonstrated low 
postoperative pain and reduced complications 
which aligns with the findings of Touzi25. who also 
reported faster recovery and reduced pain VAS 
scores, however, contrary to their findings of 

prolonged operative times for laparoscopic repair, 
the results indicate no significant difference in oper-
ative duration which reflects advancements in surgi-
cal expertise and standardization of technique. A 
study by Ghimire also reported lower complications 
with TAPP (10%) when compared to Lichtenstein 
(25%), including fewer hematomas and infections26.
International Guidelines for Groin Hernia Manage-
ment emphasized that post-operatively patients 
should be encouraged to return to their routine 
activities sooner27. There is no evidence which 
emphasizes restrictive recommendations post ingui-
nal hernia surgery27. There was even no association 
between early return to work with higher rates of 
hernia recurrences27. The average return to routine 
work in the analysis for TAPP group patients ranged 
from 8 to 12 days, compared to 15 to 21 days for 
Lichtenstein patients. Early return is beneficial for 
patients in reducing the overall impact on their work 
and daily life. A study by Jamil reported a faster 
return to work for TAPP patients in 10.47 ± 3.59 days 
versus Lichtenstein patients took 13.20 ± 4.75 days, 
hence reinforcing the recovery benefits of TAPP 
already highlighted in the meta-analysis28.

A systematic review conducted by Usmani reported 
that TAPP was found superior to open repair in terms 
of duration of postoperative hospital stay, pain 
scores on the VAS scale on postoperative days 1 
and 7, and complications, whereas Open repair 
appeared superior only in terms of operative time29.
Meta-analysis by Chávez Peón Pérez30 evaluated 
inguinal hernia repair with TAPP versus Lichtenstein 
techniques and suggested that the laparoscopic 
approach resulted in reduced complications relat-
ed to infection and chronic pain however the 
meta-analysis provided a more comprehensive 
comparison by including parameters such as opera-
tive time, return to work, and complications like 
hematoma and seroma rates, hence offered a 
broader evaluation. A study by Nair31 reported fewer 
infection rates in the TAPP group, thus suggesting 
that laparoscopic techniques had better infection 
control due to minimal invasiveness. Similarly, the 
analysis showed TAPP's procedure infection rates 
i.e., 0% in most studies vs. 3.09% to 5.5% for Lichten-
stein.

A meta-analysis by Lillo-Albert32 also reported that 
chronic inguinal pain was significantly lessened in 
laparo-endoscopic repair techniques compared to 
Lichtenstein repair. Wu33 observed in his meta-analy-
sis that pain scores were consistently lower for TAPP 
on postoperative days 1, 7, and beyond and thus 
underscores the sustained pain reduction advan-
tages of TAPP over Lichtenstein repair.

The results of a study by Shankar Gururaj Kollam-
pare34 also align with the observations of the analysis 
by demonstrating that TAPP repair was associated 

with significantly reduced postoperative pain VAS 
scores, faster mobilization on POD1 for TAPP vs. 
POD2/3 for Lichtenstein, and earlier return to work 
that is POD5 for TAPP vs. POD10–15 for Lichtenstein. 
The retrospective study by Salibašić35 reported that 
patients undergoing TAPP had shorter hospital stays 
and better recovery as compared to those treated 
with the Lichtenstein technique and these findings 
aligned with the study's observation that the TAPP 
Laparoscopic approach was associated with better 
recovery metrics. In another study by Mehmood36, 
an important key benefit was observed in TAPP 
repair which was its ability to detect and repair 
contralateral hernias during the same procedure, 
which was not possible with the open repairs and it 
highlighted the advantage of the laparoscopic 
technique, particularly in cases of bilateral inguinal 
hernias or asymptomatic contralateral defects.

Zargar´s study also supports the meta-analysis 
findings on superiority of TAPP over open repair, 
including reduced complication rates, quicker 
recovery period, and reduced pain37. However, it 
also provides insights into bilateral hernia repair and 
cost considerations which were not deeply viewed 
in the analysis. Rather38 in his study highlighted supe-
rior cosmetic outcomes for TAPP repair due to small 
port-site scars of 0.5–2 cm as compared to larger 
scars of 6–8 cm associated with the Lichtenstein 
technique.

Although the TAPP technique seems fruitful in terms 
of cost-effectiveness due to lower complication 
rates and faster recovery, despite the high costs 
associated with laparoscopic equipment and 
specialized laparoscopic skills training. The study by 
Hidalgo39 reported higher operative time and hospi-
tal stay expenditure with TAPP however its capability 
to access both inguinal regions and reduce 
long-term complications may justify its use in com-
plex cases. But still, in resource-limited settings like in 
Pakistan where advanced surgical laparoscopic 
facilities are not freely available, Lichtenstein repair 
is a simpler and preferred option. Assakran40 report-
ed that the overall cost of hernia procedure was 
significantly affected by the choice of surgical tech-
nique applied and the presence of comorbidities, 
with laparoscopic approaches generally associat-
ed with higher initial costs but improved long-term 
outcomes.

Further studies should be carried out to find out 
long-term post-operative outcomes, such as hernia 
recurrence rate and patients' quality of life, in order 
to evaluate a more comprehensive analysis of these 
surgical techniques.

CONCLUSION
Our meta-analysis revealed that TAPP repair offers 
significant advantages over Lichtenstein for having 

lower postoperative pain scores, reduced compli-
cation rates, and faster return to work and daily 
activities. However, the TAPP technique is associat-
ed with prolonged operative duration and requires 
advanced surgical expertise and facilities, which 
may limit its widespread application, particularly in 
resource-limited settings.
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CONCLUSIONS 
With the use of MSCs such as DSCs, BMMSCs, and 
AMSCs, regenerative dentistry has greatly improved; 
because DSCs are non-invasive, they perform better 
than BMMSCs. Tissue engineering has evolved to 
provide customized, patient-specific constructions 
thanks to bioprinting and computer-aided design. 
Functional restoration could be possible with future 
developments in spheroid and organoid manufac-
turing.
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DISCUSSION
The meta-analysis reviewed a practical look at 
efficacy, safety, and recovery profiles of two mostly 
carried inguinal hernia repair methods that are TAPP 
(Transabdominal Preperitoneal Laparoscopic 
Approach) and Lichtenstein open repair procedure. 
The first ever laparoscopic hernia repair operation 
was performed by Dr. Ralph Ger in 1982 and trans-
abdominal preperitoneal (TAPP) hernia repair was 
first described in 199213. Surgeons' experience is vital 
in reducing surgery times and complication rates 
with both techniques being viable options depend-
ing on the operating surgeon's choice, expertise, 
and patient’s clinical profile14. The adoption of lapa-
roscopic techniques varies worldwide, with factors 
like cost, learning curve, and regional surgical prac-
tices influencing individual preferences15.

The data from nine different comparative studies 
carried out across different countries and variable 
periods to compare outcomes like procedure dura-
tion, hematoma, seroma, infection rates, acute 
postoperative pain levels, and return to work time 
period was analyzed. Early mobilization and 
minimum postoperative restrictions reflect a major 
role in facilitating robust recovery, thus aligning with 
findings that TAPP patients return to normal routine 
activities significantly faster than those undergoing 
traditional open repair16.

A laparoscopic surgical approach is technically 
more difficult, is a time-consuming procedure, 
requires advanced skills and in addition, intra-perito-
neal situations like adhesions, can cause further 
delays in carrying out TAPP procedures17. The 
meta-analysis of nine studies reveals that the TAPP 
laparoscopic procedure generally takes longer time 
duration than the Lichtenstein open repair tech-
nique. The duration for the TAPP procedure ranges 
from 46.3 to 96.12 minutes, whereas Lichtenstein 
repair ranges from 27.8 to 54.2 minutes. TAPP laparo-
scopic repair technique has got a steeper learning 
curve when compared to open Lichtenstein repair, 
the surgery duration can be prolonged initially but 
with advanced skills and a better understanding of 
the inguinal region anatomy, it can be shortened 
significantly14. Despite the longer surgery period in 
the laparoscopic group, the benefits of the TAPP 
procedure in terms of post-operative recovery 
outcomes can surely justify this increased time 
period18.

Acute pain post-operative inguinal hernia repair 
can be related to wound tissue healing, femoral 
nerve injury, and the patient’s hypersensitivity 
response to mesh that acts as a foreign body, or 
complications from mesh19. An important finding of 
the meta-analysis is the lessened acute post-opera-
tive pain with laparoscopic TAPP repair, the mean 
pain score for TAPP repair (5.66) is significantly lower 

when compared to the Lichtenstein open repair 
technique (8.53). Patients undergoing TAPP laparo-
scopic repair suffer less discomfort/pain immediate-
ly following operation, which can elevate the overall 
patient satisfaction score and the need for post-sur-
gery analgesics is reduced. 

The average complication rate for post-operative 
inguinal hernia repair is 3 to 8 percent, depending 
upon the clinical circumstances whether elective or 
emergency repair was performed, surgical 
approach whether open or laparoscopic and the 
site/type of the hernia20. In a study by Trehan postop-
erative complications during TAPP included scrotal 
edema incidence 11%, seroma formation 7%, and 
surgical site infection at 7%21. It showed a mean 
hospital stay of 41.56 hours for TAPP and in the analy-
sis mean hospital stay for TAPP patients was 3.2 ± 1.3 
days, with most discharged within 48–72 hours, 
hence showed similar trends of short hospital stays 
with TAPP, though slightly longer overall durations. 
The study by Thanh Xuan reported minimal compli-
cations with the TAPP technique, included only a 
3.2% rate of sensory disorders, and revealed that 
96.8% of cases were categorized as "very good" 
during the follow-up period22. 

The interventional study by Bansod conducted on 
50 patients found that TAPP repair resulted in 
minimal complications, including scrotal emphyse-
ma only 2% and port site infections 2%23. The 
meta-analysis shows that TAPP laparoscopic repair 
has a low overall complication incidence as com-
pared to Lichtenstein repair, with an Odds Ratio of 
0.461. Fewer complications are associated with 
TAPP repair, including hematoma, seroma, and 
post-operative wound infections. As with other 
studies, genital or scrotal numbness was also less 
common after the TAPP procedure and the reason 
was intra-operative genito-femoral or ilioinguinal 
nerve injury in the course of the open approach24. In 
the analysis the incidence of seroma formation was 
low in the TAPP group (mean 2.49%) as compared to 
Lichtenstein (mean 4.20%), thus indicating it a more 
favorable approach. Considering hematoma the 
rates were comparable between Lichtenstein 
(mean 2.55%) and TAPP group (mean 2.48%). The 
variation in TAPP laparoscopic group rates enhanc-
es the need for adopting careful surgical technique, 
surgical skills, and careful patient selection. TAPP has 
proven to be a minimally invasive technique in 
reducing post-operative infection risks in the 
meta-analysis due to its lower infection rate of 0% as 
compared to the Lichtenstein group 3.09% to 5.5%.

In the meta-analysis, TAPP repair demonstrated low 
postoperative pain and reduced complications 
which aligns with the findings of Touzi25. who also 
reported faster recovery and reduced pain VAS 
scores, however, contrary to their findings of 

prolonged operative times for laparoscopic repair, 
the results indicate no significant difference in oper-
ative duration which reflects advancements in surgi-
cal expertise and standardization of technique. A 
study by Ghimire also reported lower complications 
with TAPP (10%) when compared to Lichtenstein 
(25%), including fewer hematomas and infections26.
International Guidelines for Groin Hernia Manage-
ment emphasized that post-operatively patients 
should be encouraged to return to their routine 
activities sooner27. There is no evidence which 
emphasizes restrictive recommendations post ingui-
nal hernia surgery27. There was even no association 
between early return to work with higher rates of 
hernia recurrences27. The average return to routine 
work in the analysis for TAPP group patients ranged 
from 8 to 12 days, compared to 15 to 21 days for 
Lichtenstein patients. Early return is beneficial for 
patients in reducing the overall impact on their work 
and daily life. A study by Jamil reported a faster 
return to work for TAPP patients in 10.47 ± 3.59 days 
versus Lichtenstein patients took 13.20 ± 4.75 days, 
hence reinforcing the recovery benefits of TAPP 
already highlighted in the meta-analysis28.

A systematic review conducted by Usmani reported 
that TAPP was found superior to open repair in terms 
of duration of postoperative hospital stay, pain 
scores on the VAS scale on postoperative days 1 
and 7, and complications, whereas Open repair 
appeared superior only in terms of operative time29.
Meta-analysis by Chávez Peón Pérez30 evaluated 
inguinal hernia repair with TAPP versus Lichtenstein 
techniques and suggested that the laparoscopic 
approach resulted in reduced complications relat-
ed to infection and chronic pain however the 
meta-analysis provided a more comprehensive 
comparison by including parameters such as opera-
tive time, return to work, and complications like 
hematoma and seroma rates, hence offered a 
broader evaluation. A study by Nair31 reported fewer 
infection rates in the TAPP group, thus suggesting 
that laparoscopic techniques had better infection 
control due to minimal invasiveness. Similarly, the 
analysis showed TAPP's procedure infection rates 
i.e., 0% in most studies vs. 3.09% to 5.5% for Lichten-
stein.

A meta-analysis by Lillo-Albert32 also reported that 
chronic inguinal pain was significantly lessened in 
laparo-endoscopic repair techniques compared to 
Lichtenstein repair. Wu33 observed in his meta-analy-
sis that pain scores were consistently lower for TAPP 
on postoperative days 1, 7, and beyond and thus 
underscores the sustained pain reduction advan-
tages of TAPP over Lichtenstein repair.

The results of a study by Shankar Gururaj Kollam-
pare34 also align with the observations of the analysis 
by demonstrating that TAPP repair was associated 

with significantly reduced postoperative pain VAS 
scores, faster mobilization on POD1 for TAPP vs. 
POD2/3 for Lichtenstein, and earlier return to work 
that is POD5 for TAPP vs. POD10–15 for Lichtenstein. 
The retrospective study by Salibašić35 reported that 
patients undergoing TAPP had shorter hospital stays 
and better recovery as compared to those treated 
with the Lichtenstein technique and these findings 
aligned with the study's observation that the TAPP 
Laparoscopic approach was associated with better 
recovery metrics. In another study by Mehmood36, 
an important key benefit was observed in TAPP 
repair which was its ability to detect and repair 
contralateral hernias during the same procedure, 
which was not possible with the open repairs and it 
highlighted the advantage of the laparoscopic 
technique, particularly in cases of bilateral inguinal 
hernias or asymptomatic contralateral defects.

Zargar´s study also supports the meta-analysis 
findings on superiority of TAPP over open repair, 
including reduced complication rates, quicker 
recovery period, and reduced pain37. However, it 
also provides insights into bilateral hernia repair and 
cost considerations which were not deeply viewed 
in the analysis. Rather38 in his study highlighted supe-
rior cosmetic outcomes for TAPP repair due to small 
port-site scars of 0.5–2 cm as compared to larger 
scars of 6–8 cm associated with the Lichtenstein 
technique.

Although the TAPP technique seems fruitful in terms 
of cost-effectiveness due to lower complication 
rates and faster recovery, despite the high costs 
associated with laparoscopic equipment and 
specialized laparoscopic skills training. The study by 
Hidalgo39 reported higher operative time and hospi-
tal stay expenditure with TAPP however its capability 
to access both inguinal regions and reduce 
long-term complications may justify its use in com-
plex cases. But still, in resource-limited settings like in 
Pakistan where advanced surgical laparoscopic 
facilities are not freely available, Lichtenstein repair 
is a simpler and preferred option. Assakran40 report-
ed that the overall cost of hernia procedure was 
significantly affected by the choice of surgical tech-
nique applied and the presence of comorbidities, 
with laparoscopic approaches generally associat-
ed with higher initial costs but improved long-term 
outcomes.

Further studies should be carried out to find out 
long-term post-operative outcomes, such as hernia 
recurrence rate and patients' quality of life, in order 
to evaluate a more comprehensive analysis of these 
surgical techniques.

CONCLUSION
Our meta-analysis revealed that TAPP repair offers 
significant advantages over Lichtenstein for having 

lower postoperative pain scores, reduced compli-
cation rates, and faster return to work and daily 
activities. However, the TAPP technique is associat-
ed with prolonged operative duration and requires 
advanced surgical expertise and facilities, which 
may limit its widespread application, particularly in 
resource-limited settings.
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TEP: Total Extraperitoneal

ACKNOWLEDGMENTS
None.

CONFLICT OF INTEREST
None

FUNDING
None

AUTHORS’ CONTRIBUTION
MAJ: wrote study design, MAA: worked on the draft-
ing of the manuscript, MM: conducted data analysis 
and results write up, WMC: worked on data collec-
tion & write up of methodology, AF: did literature 
review and drafting, and MMG: did proofreading & 
final approval.

REFERENCES
1. Gram-Hanssen A, Tolstrup A, Zetner D, Rosenberg 
J. Patient-Reported Outcome Measures for Patients 
Undergoing Inguinal Hernia Repair. Front Surg. 2020 
Apr 16;7:17. doi: 10.3389/fsurg.2020.00017.
2. Gudigopuram SV, Raguthu CC, Gajjela H. Inguinal 
hernia mesh repair: the factors to consider when 
deciding between open versus laparoscopic repair. 
Cureus. 2021 Nov;13(11). doi: 10.7759/cureus.19628.
3. Daes J, Felix E. Critical View of the Myopectineal 
Orifice. Ann Surg. 2017 Jul;266(1):e1-e2. doi: 
10.1097/SLA.0000000000002104.
4. Dumitrescu V, Serban D, Costea DO, et al. Trans-
abdominal preperitoneal versus Lichtenstein proce-
dure for inguinal hernia repair in adults: a compara-
tive evaluation of the early postoperative pain and 
outcomes. Cureus. 2023 Jul;15(7). doi: 10.7759/cu-
reus.41886.
5. Ahmed Abd El Aal Sultan A, Abo Elazm HA, Omran 
H. Lichtenstein versus transabdominal preperitoneal 
(TAPP) inguinal hernia repair for unilateral non-recur-
rent hernia: a multicenter short-term randomized 
comparative study of clinical outcomes. Ann Med 
Surg (Lond). 2022 Mar 18;76:103428. doi: 

10.1016/j.amsu.2022.103428.
6. Gomes CA, Gomes FC, Podda M, et al. Liechten-
stein versus laparoscopic transabdominal preperito-
neal (TAPP) hernia repair: a prospective compara-
tive study focused on postoperative outcomes in a 
general surgery unit. Arq Bras Cir Dig. 2021 Jan;34(4). 
doi: 10.1590/0102-672020210002e1642.
7. Sofi J, Nazir F, Kar I, Qayum K. Comparison 
between TAPP & Lichtenstein techniques for inguinal 
hernia repair: a retrospective cohort study. Ann Med 
Surg (Lond). 2021 Dec;72:103054. doi: 10.1016/j.am-
su.2021.103054.
8. Salma U, Ahmed I, Ishtiaq S. A comparison of post 
operative pain and hospital stay between Lichten-
stein's repair and Laparoscopic Transabdominal 
Preperitoneal (TAPP) repair of inguinal hernia: A 
randomized controlled trial. Pak J Med Sci. 2015 
Sep-Oct;31(5):1062-6. doi: 10.12669/pjms.315.4811.
9. Abbas AE, Abd Ellatif ME, Noaman N, Negm A, 
El-Morsy G, Amin M, Moatamed A. Patient-perspec-
tive quality of life after laparoscopic and open 
hernia repair: a controlled randomized trial. Surg 
Endosc. 2012 Sep;26(9):2465-70. doi: 
10.1007/s00464-012-2212-9.
10. Hamza Y, Gabr E, Hammadi H, Khalil R. Four-arm 
randomized trial comparing laparoscopic and open 
hernia repairs. International Journal of Surgery. 2010 
Jan 1;8(1):25-8. doi: 10.1016/j.ijsu.2009.09.012.
11. Pokorny H, Klingler A, Schmid T, Fortelny R, 
Hollinsky C, Kawji R, Steiner E, Pernthaler H, Függer R, 
Scheyer M. Recurrence and complications after 
laparoscopic versus open inguinal hernia repair: 
results of a prospective randomized multicenter trial. 
Hernia. 2008 Aug;12:385-9. doi: 
10.1007/s10029-008-0357-1.
12. Anadol ZA, Ersoy E, Taneri F, Tekin E. Outcome 
and cost comparison of laparoscopic transabdomi-
nal preperitoneal hernia repair versus open Lichten-
stein technique. Journal of Laparoendoscopic & 
Advanced Surgical Techniques. 2004 Jun 
1;14(3):159-63. doi: 10.1089/1092642041255414.
13. Akay T, Çalta AF. Is It Safe to Perform Laparo-
scopic Cholecystectomy and Transabdominal 
Preperitoneal Hernia Repair Simultaneously?. Genel 
Tıp Dergisi. 2023;33(3):295-8. doi: 10.54005/genel-
tip.1234567.
14. Öcal İH, Ülger BV, Öcal M. Comparison of TAPP 
and TEP in laparoscopic inguinal hernia repair. 
Journal of Health Sciences and Medicine. 2024 Mar 
3;7(2):174-9. doi: 10.32322/jhsm.1412322.
15. Xie J, Koo DC, Lee MJ, Sugiyama G. The evolu-
tion of minimally invasive inguinal hernia repairs. 
Annals of Laparoscopic and Endoscopic Surgery. 
2024 Apr 30;9. doi: 10.21037/ales-23-57.
16. Rivas JF, Molina AP, Carmona JM. Transabdomi-
nal preperitoneal (TAPP) inguinal hernia repair: how 
we do it. Annals of Laparoscopic and Endoscopic 
Surgery. 2021 Jan 20;6. doi: 10.21037/ales-20-109.
17. Sherwinter DA, Kate V. Laparoscopic inguinal 
hernia repair. Medscape. 2024 Jun 10 [cited 2024 

Aug 26]. Available from: https://www.med-
scape.com/.
18. Ahmad S, Aslam R, Iftikhar M, Alam M. Early 
Outcomes of Laparoscopic Transabdominal 
Preperitoneal (TAPP) Repair. Cureus. 2023 Feb;15(2). 
doi: 10.7759/cureus.35567.
19. Jacques E. Understanding and managing pain 
after hernia surgery: how long will it last? Verywell 
Health. 2024 Jan 30; [cited 2024 Aug 26]. Available 
from: https://www.verywellhealth.com/chron-
ic-pain-types-hernias-surgery-4799980.
20. Brooks DC. Complications of inguinal and femo-
ral hernia repair. In: Rosen M, Richie JP, editors. Chen 
W, deputy editor. UpToDate [Internet]. Waltham 
(MA): UpToDate Inc.; 2024 May 28; [cited 2024 Aug 
26]. Available from: https://www.uptodate.com.
21. Trehan M, Garg S, Singh J, Singla S, Garg R, 
Rakesh D, Aggarwal K. Laparoscopic inguinal hernia 
repair - Transabdominal preperitoneal (TAPP) versus 
totally extraperitoneal (TEP) approach: A compara-
tive analysis. Med J Dr DY Patil Vidyapeeth. 2023 
Jan;16(Suppl 1):S5-S9. doi: 10.4103/mjdrdypu.mj-
drdypu_854_21.
22.  Thanh Xuan N, Huu Son N. Laparoscopic trans-
abdominal preperitoneal technique for inguinal 
hernia repair in adults. Cureus. 2020 Jun;12(6):e8692. 
doi: 10.7759/cureus.8692.
23.  Bansod AN, Sawase NB, Satpudke M. A Study of 
Laparoscopic Transabdominal Preperitoneal Repair 
in Inguinal Hernia. J Adv Med Med Res. 2024 
Oct;36(10):262-269. doi: 10.9734/jam-
mr/2024/v36i105609.
24. Konschake M, Zwierzina M, Moriggl B, et al. The 
inguinal region revisited: the surgical point of view. 
An anatomical–surgical mapping and sonographic 
approach regarding postoperative chronic groin 
pain following open hernia repair. Hernia. 2020 
Aug;24(4):883-94. doi: 10.1007/s10029-019-02070-z.
25. Touzi MA, Khefacha F, Saidani A, Belhadj A, 
Chebbi F. Inguinal hernia repair: Transabdominal 
preperitoneal (TAPP) versus Lichtenstein hernioplas-
ty. Br J Surg. 2024 May;111(Suppl_5):znae122.465. 
doi: 10.1093/bjs/znae122.465.
26. Ghimire P, Shrestha S. A prospective compara-
tive study of Transabdominal Preperitoneal (TAPP) 
versus Lichtenstein repair for primary inguinal hernia: 
outcomes of pain, complications, and recovery. J 
Nepal Med Assoc. 2024 Jan;62(1):25-32. doi: 
10.31729/jnma.2024.11245.
27. Schaaf S, Willms A, Schwab R, Güsgen C. Recom-
mendations on postoperative strain and physical 
labor after abdominal and hernia surgery: an expert 
survey of attendants of the 41st EHS Annual Interna-
tional Congress of the European Hernia Society. 
Hernia. 2022 Oct;26(5):727-734. doi: 
10.1007/s10029-021-02377-w.
28. Jamil M, Niaz K, Tahir F, Sobia H. Laparoscopic 
trans-abdominal preperitoneal versus Lichtenstein 
repair of inguinal hernia: a comparative study. Prof 
Med J. 2019 Jul;26(7):18-23. doi: 10.29309/TPM-

J/2019.26.07.3789.
29. Usmani SUR, Sultan SMB, Islam MB, Abbas S, 
Choudhry MS. TAPP versus Lichtenstein techniques 
for bilateral inguinal hernia repair: A systematic 
review and meta-analysis. Review Updates Surg. 
2024 Jul;76(7):2583-2591. doi: 
10.1007/s13304-024-02012-0.
30. Chávez Peón Pérez JA, Hernández-Ojeda A, 
Vargas-Serrano B. Comparative meta-analysis of 
laparoscopic (TAPP) vs. open (Lichtenstein) hernio-
plasty for inguinal hernia repair: Infection and chron-
ic pain outcomes. Hernia. 2020 Dec;24(6):1237-45. 
doi: 10.1007/s10029-020-02190-8.
31. Nair CC, Karthikeyan EMJ, Dhyaneshwaran KV, 
Selvaraj N. Surgical sequelae of transabdominal 
preperitoneal approach versus Lichtenstein open 
repair in a rural setting. Int Surg J. 2021 
Aug;8(8):2395-2400. doi: 
10.18203/2349-2902.isj20213125.
32. Lillo-Albert G, Buch Villa E, Boscà-Robledo A, 
Carreño-Sáenz O, Bueno-Lledó J, Martínez-Hoed J, 
et al. Chronic inguinal pain post-hernioplasty. Lapa-
ro-endoscopic surgery vs Lichtenstein repair: system-
atic review and meta-analysis. Hernia. 2024 
Sep;28:1427–1439.
33. Wu JJ, Way JA, Eslick GD, Cox MR. Transabdomi-
nal pre-peritoneal versus open repair for primary 
unilateral inguinal hernia: a meta-analysis. World J 
Surg. 2018 May;42(5):1304-11. doi: 
10.1007/s00268-017-4234-5.
34. Shankar Gururaj O, Abhay Philip, Akeel M. 
Postoperative outcomes in patients undergoing 
transabdominal preperitoneal repair versus Lichten-
stein’s repair for inguinal hernia: A prospective 
cohort study. J Clin Diagn Res. 2024 
Feb;18(2):PC01-PC04. doi: 10.7860/JC-
DR/2024/66940.19065.
35. Salibašić M, Pušina S, Hodžić E, Bičakčić E, 
Halilović E, Ganić S. Lichtenstein versus laparoscopic 
transabdominal preperitoneal (TAPP) hernia repair: 
Retrospective study, our experience. South-East 
European Endo-Surgery Journal. 2024 Jan;3(1). doi: 
10.55791/6mp49m69.
36. Mehmood Z, Islam Z, Shah SSH. Open Lichten-
stein repair versus laparoscopic transabdominal 
preperitoneal repair for inguinal hernia. J Surg Pak 
(Int). 2014 Apr;19(2):54-57.
37. Zargar OU, Ashraf N, Albina A, Iqbal J, Dhingra 
NC. Comparative study of transabdominal preperi-
toneal versus open Lichtenstein hernia repair in 
primary inguinal hernia. Int J Res Med Sci. 2022 
Oct;10(10):2240-5. doi: 
10.18203/2320-6012.ijrms20222530.
38. Rather AA, Salati SA. Transabdominal Preperito-
neal Patch Plasty versus Open Lichtenstein Hernia 
Repair – A Study. J Health Sci Res. 2021 
Jan;6(1):18–23. doi: 10.7324/jhsr.2021.613.
39. Hidalgo NJ, Guillaumes S, Bachero I, Butori E, 
Espert JJ, Ginestà C, et al. Bilateral inguinal hernia 
repair by laparoscopic totally extraperitoneal (TEP) 

vs. laparoscopic transabdominal preperitoneal 
(TAPP). BMC Surg. 2023 Sep;23:270. doi: 
10.1186/s12893-023-02177-2.
40. Assakran BS, Al-Harbi AM, Albadrani HA, Al-Do-

haiman RS. Risk factors for postoperative complica-
tions in hernia repair. Cureus. 2024 Jan;16(1). doi: 
10.7759/cureus.51982.
 

CONCLUSIONS 
With the use of MSCs such as DSCs, BMMSCs, and 
AMSCs, regenerative dentistry has greatly improved; 
because DSCs are non-invasive, they perform better 
than BMMSCs. Tissue engineering has evolved to 
provide customized, patient-specific constructions 
thanks to bioprinting and computer-aided design. 
Functional restoration could be possible with future 
developments in spheroid and organoid manufac-
turing.
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