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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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DISCUSSION
In this study, three commercially available 
endodontic sealers (E-MTA, Ketac-E, and S-apex) 
were evaluated for their anti-inflammatory potential 
These biomarkers are important for immune regula-
tion, inflammation modulation, and tissue repair, 
and this biomarker framework offers a crucial frame-
work for the bio-functional characterization of 
endodontic materials 12. These findings showed that 
E-MTA upregulated gene expression of TGF-β (3.12 
fold) and IL-10 (2.97 fold) compared to control, 
demonstrating superior anti-inflammatory and 
immunomodulatory properties. In comparison, 
Ketac-E showed moderate upregulation for TGF-β 
(1.7 fold) and IL-10 (1.8 fold) expression while S-apex 
demonstrated the least upregulation of 1.4-fold, 
and 1.7-fold for TGF-β and IL-10 respectively. These 
findings demonstrate the sealers' differential bioac-
tivity and emphasize potential E-MTA clinical 
regimens to promote a favorable healing environ-
ment during root canal therapy13.

TGF-β plays a double role in inflammation and tissue 
repair. It is a key regulating molecule that directs 
cellular response, inducing extracellular matrix 
deposition while suppressing inflammatory effects 
by activating immune cells and promoting tissue 
repair by modulating fibroblast activity14. E-MTA had 
significant upregulation of TGF-β suggesting that it 
can promote tissue healing processes with little 
inflammation, which is consistent with previous 
studies describing biocompatibility and bioactivity 
15. This property is of particular benefit in endodontic 
treatment, especially where a controlled inflamma-
tory response is essential for the resolution of periapi-
cal lesions, and regeneration of damaged tissue 16. 
IL-10 also causes a major type of inhibition that 
suppresses the generation of pro-inflammatory 
mediators and stabilizes tissues 17. This is further 
highlighted by the substantial upregulation of IL-10 
by E-MTA. E-MTA could effectively decrease the risk 
of persistent inflammation by increasing IL-10 expres-
sion. On the other hand, the relatively lower expres-
sion of IL-10 by Ketac-E and S-apex indicated the 
limited inflammation-suppressing potential. It there-
fore may impact the overall clinical efficacy of 
these materials 18.

Differences in composition may explain why Ketac-E 
and S-apex performed less in upregulating TGF-β 
and IL-10 than E-MTA 19. Mineral trioxide aggregate 
present in E-MTA is known to be superior because of 
its biocompatibility and ability to release bioactive 
ions that interact with cellular pathways 20. Glass 
ionomer-based Ketac-E sealer and S-apex contain-
ing calcium hydroxide do not display the extensive 
bioactive ion release characteristic of E-MTA, and 
may therefore be limited in their ability to influence 
anti-inflammatory gene expression 21. The major 
determinant of the clinical effectiveness of 

endodontic sealers is their capacity to modulate the 
inflammatory process and favor tissue repair 22. 
Results also suggested that bioactive sealers like 
E-MTA could be utilized as a material having extend-
ed functionality beyond sealing capacity, providing 
features of intervening in cellular responses and 
improving treatment outcomes. In this study, the 
reliability of the experimental design and outcome 
was further validated with the optimized use of 
positive controls. These findings were also consistent 
across replicates and indicated the robustness of 
the study highlighting the potential clinical implica-
tions of these results. The ability of E-MTA to dramati-
cally upregulate TGF-β and IL-10 indicates its poten-
tial as a superior therapy which is tuned to inhibit 
post-treatment inflammation and enhance tissue 
regneration23.
 
Although the results are promising, some study 
limitations are worth noting. The in vitro design 
enables a control environment for experimentation 
but may not replicate the complex in vivo environ-
ment 24. The long-term effects on inflammation and 
tissue healing should be assessed, by validating 
them in animal models and clinical settings 25,26. 
Finally, the molecular mechanisms that underlie the 
bioactivity of E-MTA by modulating TGF-β and IL-10 
expression could be explored deeply. Overall, this 
study showed superior anti-inflammatory and bioac-
tive properties of E–MTA versus Ketac–E and S–apex, 
with its enhanced activity of TGFβ and IL10 upregu-
lation in hPDLSCs.
 
CONCLUSION
This study concluded that the endodontic sealers 
(commercial products) can affect the regulation of 
TGF-β and IL-10 in HPDLSCs: E-MTA is more bioactive 
and immunomodulatory than Ketac-E and S-apex. 
These studies imply that the using E-MTA might great-
ly improve patient benefits by accelerating the rate 
of tissue regeneration and decreasing inflammation 
in endodontic procedures. However, if these bene-
fits are to translate into practice, several issues must 
be considered, including; cost, accessibility, and 
familiarity of the practitioners. Other studies will be 
required to elucidate sealer bioactivity and 
biomarker-based assessments to tailor the materials 
of choice and enhance the effectiveness in the 
treatment of endodontic diseases.
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META-ANALYSIS OPEN ACCESS

A Systematic Review and Meta-analysis of 
Randomized Controlled Trials on Comparing 
Transabdominal Preperitoneal Versus 
Lichtenstein Operations for Primary Inguinal 
Hernia Repair

ABSTRACT

Background: Inguinal hernia repair is a common surgical operation being performed worldwide, 
and the primary objective of hernia repair is to reduce recurrence, minimize complications, and 
robust recovery. This systematic review and meta-analysis reviewed and compared two widely used 
surgical techniques: the Trans-abdominal Pre-peritoneal (TAPP) repair, a minimally invasive 
laparoscopic surgical technique, and the Lichtenstein operation, which is an open repair.

Methods: A thorough search was conducted across several databases, including PubMed, 
Cochrane Library, Google Scholar, and Web of Science, from 2004 to August 2024. We searched a 
combination of keywords and medical subject-related headings related to "trans abdominal 
Pre-peritoneal," "TAPP Surgical Technique," "Lichtenstein open repair operation," "primary inguinal 
hernia," and "randomized controlled trials (RCTs)."
Studies included in the meta-analysis were grouped based on the primary outcomes of interest to 
elaborate a comprehensive analysis. In addition to the surgical operation and hospital stay duration, 
acute post-operative pain, return to work time, hematoma, wound infection, and seroma incidence 
were also measured. The Randomized controlled trials (RCTs) comparing TAPP and Lichtenstein 
operations for primary inguinal hernia repair and studies reporting on at least one of the 
above-mentioned outcomes were included. The studies with patients having incarcerated hernia, 
femoral or bilateral hernias were excluded. The risk of bias for included studies was assessed using 
the Cochrane Risk of Bias tool and based on odds ratios (ORs), standardized mean differences 
(SMDs) and confidence intervals (CIs), a quantitative meta-analysis study was conducted. 

Results: Nine Randomized Controlled Trials (RCTs) comparing the TAPP and Lichtenstein technique 
for primary inguinal hernia repair were included in the meta-analysis. The duration of the surgical 
procedure was longer in the TAPP group (46.3 to 96.12 minutes), compared to the Lichtenstein group 
(27.8 to 54.2 min). In terms of acute post-operative pain, the TAPP group reported lower pain scores 
(mean: 5.66) compared to the Lichtenstein group (mean: 8.53). The overall complication rate was 
lower for the TAPP group (Odds Ratio = 0.461) as compared to Lichtenstein repair.

Conclusion: The meta-analysis concluded that TAPP tops out with benefits like less post-operative 
pain and a robust recovery period. However, the Lichtenstein technique remains a widely used 
option, especially in settings where access to advanced Laparoscopic facilities and expertise might 
not be available.

Keywords: Trans-abdominal Pre-peritoneal, Lichtenstein repair, Recurrence, Outcome, 
Meta-analysis, Systematic Review.
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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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DISCUSSION
In this study, three commercially available 
endodontic sealers (E-MTA, Ketac-E, and S-apex) 
were evaluated for their anti-inflammatory potential 
These biomarkers are important for immune regula-
tion, inflammation modulation, and tissue repair, 
and this biomarker framework offers a crucial frame-
work for the bio-functional characterization of 
endodontic materials 12. These findings showed that 
E-MTA upregulated gene expression of TGF-β (3.12 
fold) and IL-10 (2.97 fold) compared to control, 
demonstrating superior anti-inflammatory and 
immunomodulatory properties. In comparison, 
Ketac-E showed moderate upregulation for TGF-β 
(1.7 fold) and IL-10 (1.8 fold) expression while S-apex 
demonstrated the least upregulation of 1.4-fold, 
and 1.7-fold for TGF-β and IL-10 respectively. These 
findings demonstrate the sealers' differential bioac-
tivity and emphasize potential E-MTA clinical 
regimens to promote a favorable healing environ-
ment during root canal therapy13.

TGF-β plays a double role in inflammation and tissue 
repair. It is a key regulating molecule that directs 
cellular response, inducing extracellular matrix 
deposition while suppressing inflammatory effects 
by activating immune cells and promoting tissue 
repair by modulating fibroblast activity14. E-MTA had 
significant upregulation of TGF-β suggesting that it 
can promote tissue healing processes with little 
inflammation, which is consistent with previous 
studies describing biocompatibility and bioactivity 
15. This property is of particular benefit in endodontic 
treatment, especially where a controlled inflamma-
tory response is essential for the resolution of periapi-
cal lesions, and regeneration of damaged tissue 16. 
IL-10 also causes a major type of inhibition that 
suppresses the generation of pro-inflammatory 
mediators and stabilizes tissues 17. This is further 
highlighted by the substantial upregulation of IL-10 
by E-MTA. E-MTA could effectively decrease the risk 
of persistent inflammation by increasing IL-10 expres-
sion. On the other hand, the relatively lower expres-
sion of IL-10 by Ketac-E and S-apex indicated the 
limited inflammation-suppressing potential. It there-
fore may impact the overall clinical efficacy of 
these materials 18.

Differences in composition may explain why Ketac-E 
and S-apex performed less in upregulating TGF-β 
and IL-10 than E-MTA 19. Mineral trioxide aggregate 
present in E-MTA is known to be superior because of 
its biocompatibility and ability to release bioactive 
ions that interact with cellular pathways 20. Glass 
ionomer-based Ketac-E sealer and S-apex contain-
ing calcium hydroxide do not display the extensive 
bioactive ion release characteristic of E-MTA, and 
may therefore be limited in their ability to influence 
anti-inflammatory gene expression 21. The major 
determinant of the clinical effectiveness of 

endodontic sealers is their capacity to modulate the 
inflammatory process and favor tissue repair 22. 
Results also suggested that bioactive sealers like 
E-MTA could be utilized as a material having extend-
ed functionality beyond sealing capacity, providing 
features of intervening in cellular responses and 
improving treatment outcomes. In this study, the 
reliability of the experimental design and outcome 
was further validated with the optimized use of 
positive controls. These findings were also consistent 
across replicates and indicated the robustness of 
the study highlighting the potential clinical implica-
tions of these results. The ability of E-MTA to dramati-
cally upregulate TGF-β and IL-10 indicates its poten-
tial as a superior therapy which is tuned to inhibit 
post-treatment inflammation and enhance tissue 
regneration23.
 
Although the results are promising, some study 
limitations are worth noting. The in vitro design 
enables a control environment for experimentation 
but may not replicate the complex in vivo environ-
ment 24. The long-term effects on inflammation and 
tissue healing should be assessed, by validating 
them in animal models and clinical settings 25,26. 
Finally, the molecular mechanisms that underlie the 
bioactivity of E-MTA by modulating TGF-β and IL-10 
expression could be explored deeply. Overall, this 
study showed superior anti-inflammatory and bioac-
tive properties of E–MTA versus Ketac–E and S–apex, 
with its enhanced activity of TGFβ and IL10 upregu-
lation in hPDLSCs.
 
CONCLUSION
This study concluded that the endodontic sealers 
(commercial products) can affect the regulation of 
TGF-β and IL-10 in HPDLSCs: E-MTA is more bioactive 
and immunomodulatory than Ketac-E and S-apex. 
These studies imply that the using E-MTA might great-
ly improve patient benefits by accelerating the rate 
of tissue regeneration and decreasing inflammation 
in endodontic procedures. However, if these bene-
fits are to translate into practice, several issues must 
be considered, including; cost, accessibility, and 
familiarity of the practitioners. Other studies will be 
required to elucidate sealer bioactivity and 
biomarker-based assessments to tailor the materials 
of choice and enhance the effectiveness in the 
treatment of endodontic diseases.
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INTRODUCTION
Recent guidelines for repairing inguinal hernias in 
adult patients advise using a synthetic mesh to close 
the hernial defect1. This can be done either through 
open inguinal hernia repair (OIHR) or Laparoscopic 
inguinal hernia repair (LIHR), depending on facilities 
available, individual patient requirements, and 
preferred option2. The two most widely used laparo-
scopic techniques for inguinal hernia repairs are 
Trans abdominal Preperitoneal (TAPP) repair and 
Total Extraperitoneal (TEP) repair3. In TAPP laparo-
scopic surgical repair, the surgeon makes an incision 
in the peritoneum and enters the peritoneal cavity 
to place the mesh over defect3. In open surgery, a 
larger incision is required to place the mesh, while 
TAPP laparoscopic surgery utilizes smaller incisions, 
specialized laparoscopic instruments, and 
advanced surgical skills to achieve the same result 
with potentially quicker recovery period and less 
post-operative acute and chronic pain3. Most 
studies comparing open and minimally invasive 
surgeries for inguinal hernia repair have been 
non-randomized.
 
Various randomized control trials on the outcomes 
of Trans abdominal Pre-peritoneal (TAPP) and 
Lichtenstein hernia repairs, focusing on various 
factors such as operation duration, acute and 
chronic inguinal pain post-surgery, wound compli-
cations/infected post-operative wounds, and both 
intra- and postoperative complications were care-
fully reviewed. The time taken by patients to return 
to routine activities and the rates of hernia recur-
rence were also analyzed. Several recent random-
ized controlled trials comparing TAPP and Lichten-
stein repairs have been published in recent years 
and were included in the meta-analysis, aiming to 
provide a clearer concept of data outcomes, their 
relative benefits and disadvantages.

METHODS
In this systematic review, an extensive search was 
conducted across several databases, which include 
PubMed, Cochrane Library, Google Scholar, and 

Web of Science, from 2004 up to 2024. The search 
strategy used a combination of keywords and medi-
cal subject-related headings related to "Trans 
abdominal Pre-peritoneal," "TAPP Surgical Tech-
nique," "Lichtenstein open repair operation," "prima-
ry inguinal hernia," and "randomized controlled trials 
(RCTs)." Additionally, the references of relevant 
articles to find any extra studies that might be useful 
were reviewed. The systematic review analyzed 
data from multiple randomized controlled trials 
(RCTs) to provide a comparison of these two surgical 
approaches. The first 3 authors independently deter-
mined the eligibility of the relevant articles.
 
The studies with Randomized controlled trials (RCTs) 
comparing TAPP approach and Lichtenstein opera-
tions for primary inguinal hernia repair were includ-
ed. Studies reporting on at least one of the following 
outcomes: surgery duration, postoperative pain, 
complications, recovery time, recurrences, or 
cost-effectiveness were included. Studies with adult 
patients (18 years and older) with a primary inguinal 
hernia were included and only published compara-
tive trials were used for the analysis.
 
It was decided by the authors to exclude studies if 
they were non-randomized, observational, or review 
articles. Studies on children or patients aged less 
than 18 years were not included. Patients with recur-
rences or bilateral hernias, femoral hernias, irreduc-
ible scrotal hernias, or incarcerated hernias requiring 
emergency surgeries were excluded. Three 
researchers (JMA, AMA, and MM) independently 
carried out the process of selection of studies. The 
selection was then compared and any discrepan-
cy, if found, was settled by mutual discussion.

They recorded the authors, publication year, study 
location, number of clinics/hospitals involved, dura-
tion of the study, any other hernia repair techniques 
included, and the follow-up period. The total 
number of patients, their gender, and age were 
recorded. They noted the type of anesthesia given, 
the duration of the operation, and the hospital stay 

post-operatively. They looked at several outcomes 
including acute post-operative pain, intra and 
post-operative complications like organ injury, 
hematoma, seroma, wound infection, urinary reten-
tion, groin neuralgia and numbness, swelling, time 
taken to return to work, chronic post-operative 
inguinal pain, and hernia recurrence (whether it 
occurred early or late). The data extraction record is 
maintained with the authors and will be used to refer 
back to the process of data extraction if needed.
The risk of bias for included studies was assessed 
using the Cochrane Risk of Bias tool, which focused 
specifically on random sequence generation 
(selection bias), allocation concealment, complete-
ness of outcome data (attrition bias), and selective 
reporting.
 
RevMan Software was used to perform meta-analy-
sis. The random effects model was used to assess for 
variability across various studies, reflecting the differ-
ences in sample sizes, study designs, and popula-
tions. This model is appropriate while dealing with 
heterogeneous studies, as it assumes that individual 
studies estimate variable but related treatment 
effects. This provided a more generalized interpreta-
tion of the results. In cases where the population of 
interest constituted a subset of the study population, 
only the readings or values about the population of 
interest were selected. If extraction of the values of 
the population of interest was not possible, then the 
study was excluded from the meta-analysis. For 
continuous variables, the Standardized Mean Differ-
ence (SMD) to account for variations in sample size 

was used. For qualitative variables such as compli-
cations e.g., infection, hematoma, and seroma, 
Odds Ratio (OR) or Risk Ratio (RR) as the effect mea-
sure were used. The 95% Confidence Interval (CI) for 
each measure was analyzed. To assess how much 
the results varied between studies, Cochran's Q 
chi-square test was utilized considering variables 
differences significant if the p-value was less than 
0.05. Sensitivity analysis was performed by excluding 
studies with a high risk of bias and by removing 
studies with small sample sizes. For outcomes with 
high heterogeneity that is I² > 75%, sensitivity analysis 
involved systematically excluding studies to evalu-
ate potential sources of heterogeneity and assess 
whether the pooled effect size remained consistent.

RESULTS
A total of 1,500 records were identified through 
various database searches and no records were 
identified from registers. 300 duplicate records were 
removed before screening and no records were 
removed by automation tools. 1,200 records were 
screened for eligibility and 950 records were 
removed during screening based on criteria. 
Reports assessed for eligibility were 250 and 200 
studies did not meet the inclusion criteria. 30 were 
excluded due to insufficient data and 11 were 
identified as duplicate publications. Finally, nine 
Randomized Controlled Trials (RCTs) directly com-
paring the TAPP technique with the Lichtenstein 
repair method for primary inguinal hernia were 
selected. The study selection flow chart is as follows:
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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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DISCUSSION
In this study, three commercially available 
endodontic sealers (E-MTA, Ketac-E, and S-apex) 
were evaluated for their anti-inflammatory potential 
These biomarkers are important for immune regula-
tion, inflammation modulation, and tissue repair, 
and this biomarker framework offers a crucial frame-
work for the bio-functional characterization of 
endodontic materials 12. These findings showed that 
E-MTA upregulated gene expression of TGF-β (3.12 
fold) and IL-10 (2.97 fold) compared to control, 
demonstrating superior anti-inflammatory and 
immunomodulatory properties. In comparison, 
Ketac-E showed moderate upregulation for TGF-β 
(1.7 fold) and IL-10 (1.8 fold) expression while S-apex 
demonstrated the least upregulation of 1.4-fold, 
and 1.7-fold for TGF-β and IL-10 respectively. These 
findings demonstrate the sealers' differential bioac-
tivity and emphasize potential E-MTA clinical 
regimens to promote a favorable healing environ-
ment during root canal therapy13.

TGF-β plays a double role in inflammation and tissue 
repair. It is a key regulating molecule that directs 
cellular response, inducing extracellular matrix 
deposition while suppressing inflammatory effects 
by activating immune cells and promoting tissue 
repair by modulating fibroblast activity14. E-MTA had 
significant upregulation of TGF-β suggesting that it 
can promote tissue healing processes with little 
inflammation, which is consistent with previous 
studies describing biocompatibility and bioactivity 
15. This property is of particular benefit in endodontic 
treatment, especially where a controlled inflamma-
tory response is essential for the resolution of periapi-
cal lesions, and regeneration of damaged tissue 16. 
IL-10 also causes a major type of inhibition that 
suppresses the generation of pro-inflammatory 
mediators and stabilizes tissues 17. This is further 
highlighted by the substantial upregulation of IL-10 
by E-MTA. E-MTA could effectively decrease the risk 
of persistent inflammation by increasing IL-10 expres-
sion. On the other hand, the relatively lower expres-
sion of IL-10 by Ketac-E and S-apex indicated the 
limited inflammation-suppressing potential. It there-
fore may impact the overall clinical efficacy of 
these materials 18.

Differences in composition may explain why Ketac-E 
and S-apex performed less in upregulating TGF-β 
and IL-10 than E-MTA 19. Mineral trioxide aggregate 
present in E-MTA is known to be superior because of 
its biocompatibility and ability to release bioactive 
ions that interact with cellular pathways 20. Glass 
ionomer-based Ketac-E sealer and S-apex contain-
ing calcium hydroxide do not display the extensive 
bioactive ion release characteristic of E-MTA, and 
may therefore be limited in their ability to influence 
anti-inflammatory gene expression 21. The major 
determinant of the clinical effectiveness of 

endodontic sealers is their capacity to modulate the 
inflammatory process and favor tissue repair 22. 
Results also suggested that bioactive sealers like 
E-MTA could be utilized as a material having extend-
ed functionality beyond sealing capacity, providing 
features of intervening in cellular responses and 
improving treatment outcomes. In this study, the 
reliability of the experimental design and outcome 
was further validated with the optimized use of 
positive controls. These findings were also consistent 
across replicates and indicated the robustness of 
the study highlighting the potential clinical implica-
tions of these results. The ability of E-MTA to dramati-
cally upregulate TGF-β and IL-10 indicates its poten-
tial as a superior therapy which is tuned to inhibit 
post-treatment inflammation and enhance tissue 
regneration23.
 
Although the results are promising, some study 
limitations are worth noting. The in vitro design 
enables a control environment for experimentation 
but may not replicate the complex in vivo environ-
ment 24. The long-term effects on inflammation and 
tissue healing should be assessed, by validating 
them in animal models and clinical settings 25,26. 
Finally, the molecular mechanisms that underlie the 
bioactivity of E-MTA by modulating TGF-β and IL-10 
expression could be explored deeply. Overall, this 
study showed superior anti-inflammatory and bioac-
tive properties of E–MTA versus Ketac–E and S–apex, 
with its enhanced activity of TGFβ and IL10 upregu-
lation in hPDLSCs.
 
CONCLUSION
This study concluded that the endodontic sealers 
(commercial products) can affect the regulation of 
TGF-β and IL-10 in HPDLSCs: E-MTA is more bioactive 
and immunomodulatory than Ketac-E and S-apex. 
These studies imply that the using E-MTA might great-
ly improve patient benefits by accelerating the rate 
of tissue regeneration and decreasing inflammation 
in endodontic procedures. However, if these bene-
fits are to translate into practice, several issues must 
be considered, including; cost, accessibility, and 
familiarity of the practitioners. Other studies will be 
required to elucidate sealer bioactivity and 
biomarker-based assessments to tailor the materials 
of choice and enhance the effectiveness in the 
treatment of endodontic diseases.
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INTRODUCTION
Recent guidelines for repairing inguinal hernias in 
adult patients advise using a synthetic mesh to close 
the hernial defect1. This can be done either through 
open inguinal hernia repair (OIHR) or Laparoscopic 
inguinal hernia repair (LIHR), depending on facilities 
available, individual patient requirements, and 
preferred option2. The two most widely used laparo-
scopic techniques for inguinal hernia repairs are 
Trans abdominal Preperitoneal (TAPP) repair and 
Total Extraperitoneal (TEP) repair3. In TAPP laparo-
scopic surgical repair, the surgeon makes an incision 
in the peritoneum and enters the peritoneal cavity 
to place the mesh over defect3. In open surgery, a 
larger incision is required to place the mesh, while 
TAPP laparoscopic surgery utilizes smaller incisions, 
specialized laparoscopic instruments, and 
advanced surgical skills to achieve the same result 
with potentially quicker recovery period and less 
post-operative acute and chronic pain3. Most 
studies comparing open and minimally invasive 
surgeries for inguinal hernia repair have been 
non-randomized.
 
Various randomized control trials on the outcomes 
of Trans abdominal Pre-peritoneal (TAPP) and 
Lichtenstein hernia repairs, focusing on various 
factors such as operation duration, acute and 
chronic inguinal pain post-surgery, wound compli-
cations/infected post-operative wounds, and both 
intra- and postoperative complications were care-
fully reviewed. The time taken by patients to return 
to routine activities and the rates of hernia recur-
rence were also analyzed. Several recent random-
ized controlled trials comparing TAPP and Lichten-
stein repairs have been published in recent years 
and were included in the meta-analysis, aiming to 
provide a clearer concept of data outcomes, their 
relative benefits and disadvantages.

METHODS
In this systematic review, an extensive search was 
conducted across several databases, which include 
PubMed, Cochrane Library, Google Scholar, and 

Web of Science, from 2004 up to 2024. The search 
strategy used a combination of keywords and medi-
cal subject-related headings related to "Trans 
abdominal Pre-peritoneal," "TAPP Surgical Tech-
nique," "Lichtenstein open repair operation," "prima-
ry inguinal hernia," and "randomized controlled trials 
(RCTs)." Additionally, the references of relevant 
articles to find any extra studies that might be useful 
were reviewed. The systematic review analyzed 
data from multiple randomized controlled trials 
(RCTs) to provide a comparison of these two surgical 
approaches. The first 3 authors independently deter-
mined the eligibility of the relevant articles.
 
The studies with Randomized controlled trials (RCTs) 
comparing TAPP approach and Lichtenstein opera-
tions for primary inguinal hernia repair were includ-
ed. Studies reporting on at least one of the following 
outcomes: surgery duration, postoperative pain, 
complications, recovery time, recurrences, or 
cost-effectiveness were included. Studies with adult 
patients (18 years and older) with a primary inguinal 
hernia were included and only published compara-
tive trials were used for the analysis.
 
It was decided by the authors to exclude studies if 
they were non-randomized, observational, or review 
articles. Studies on children or patients aged less 
than 18 years were not included. Patients with recur-
rences or bilateral hernias, femoral hernias, irreduc-
ible scrotal hernias, or incarcerated hernias requiring 
emergency surgeries were excluded. Three 
researchers (JMA, AMA, and MM) independently 
carried out the process of selection of studies. The 
selection was then compared and any discrepan-
cy, if found, was settled by mutual discussion.

They recorded the authors, publication year, study 
location, number of clinics/hospitals involved, dura-
tion of the study, any other hernia repair techniques 
included, and the follow-up period. The total 
number of patients, their gender, and age were 
recorded. They noted the type of anesthesia given, 
the duration of the operation, and the hospital stay 

post-operatively. They looked at several outcomes 
including acute post-operative pain, intra and 
post-operative complications like organ injury, 
hematoma, seroma, wound infection, urinary reten-
tion, groin neuralgia and numbness, swelling, time 
taken to return to work, chronic post-operative 
inguinal pain, and hernia recurrence (whether it 
occurred early or late). The data extraction record is 
maintained with the authors and will be used to refer 
back to the process of data extraction if needed.
The risk of bias for included studies was assessed 
using the Cochrane Risk of Bias tool, which focused 
specifically on random sequence generation 
(selection bias), allocation concealment, complete-
ness of outcome data (attrition bias), and selective 
reporting.
 
RevMan Software was used to perform meta-analy-
sis. The random effects model was used to assess for 
variability across various studies, reflecting the differ-
ences in sample sizes, study designs, and popula-
tions. This model is appropriate while dealing with 
heterogeneous studies, as it assumes that individual 
studies estimate variable but related treatment 
effects. This provided a more generalized interpreta-
tion of the results. In cases where the population of 
interest constituted a subset of the study population, 
only the readings or values about the population of 
interest were selected. If extraction of the values of 
the population of interest was not possible, then the 
study was excluded from the meta-analysis. For 
continuous variables, the Standardized Mean Differ-
ence (SMD) to account for variations in sample size 

was used. For qualitative variables such as compli-
cations e.g., infection, hematoma, and seroma, 
Odds Ratio (OR) or Risk Ratio (RR) as the effect mea-
sure were used. The 95% Confidence Interval (CI) for 
each measure was analyzed. To assess how much 
the results varied between studies, Cochran's Q 
chi-square test was utilized considering variables 
differences significant if the p-value was less than 
0.05. Sensitivity analysis was performed by excluding 
studies with a high risk of bias and by removing 
studies with small sample sizes. For outcomes with 
high heterogeneity that is I² > 75%, sensitivity analysis 
involved systematically excluding studies to evalu-
ate potential sources of heterogeneity and assess 
whether the pooled effect size remained consistent.

RESULTS
A total of 1,500 records were identified through 
various database searches and no records were 
identified from registers. 300 duplicate records were 
removed before screening and no records were 
removed by automation tools. 1,200 records were 
screened for eligibility and 950 records were 
removed during screening based on criteria. 
Reports assessed for eligibility were 250 and 200 
studies did not meet the inclusion criteria. 30 were 
excluded due to insufficient data and 11 were 
identified as duplicate publications. Finally, nine 
Randomized Controlled Trials (RCTs) directly com-
paring the TAPP technique with the Lichtenstein 
repair method for primary inguinal hernia were 
selected. The study selection flow chart is as follows:

Figure 1: Study Selection Flow Chart  

A Systematic Review and Meta-analysis of Randomized Controlled Trials on Comparison of Transabdominal Preperitoneal (TAPP) versus Lichtenstein
Operation for Primary Inguinal Hernia Repair  
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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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TAPP: Transabdominal Preperitoneal
RCTs: Randomised Controlled Trials
CI: Confidence Interval
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LIHR: Laparoscopic Inguinal Hernia Repair
OIHR: Open Inguinal Hernia Repair
OR: Odds Ratio
TEP: Total Extraperitoneal
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DISCUSSION
In this study, three commercially available 
endodontic sealers (E-MTA, Ketac-E, and S-apex) 
were evaluated for their anti-inflammatory potential 
These biomarkers are important for immune regula-
tion, inflammation modulation, and tissue repair, 
and this biomarker framework offers a crucial frame-
work for the bio-functional characterization of 
endodontic materials 12. These findings showed that 
E-MTA upregulated gene expression of TGF-β (3.12 
fold) and IL-10 (2.97 fold) compared to control, 
demonstrating superior anti-inflammatory and 
immunomodulatory properties. In comparison, 
Ketac-E showed moderate upregulation for TGF-β 
(1.7 fold) and IL-10 (1.8 fold) expression while S-apex 
demonstrated the least upregulation of 1.4-fold, 
and 1.7-fold for TGF-β and IL-10 respectively. These 
findings demonstrate the sealers' differential bioac-
tivity and emphasize potential E-MTA clinical 
regimens to promote a favorable healing environ-
ment during root canal therapy13.

TGF-β plays a double role in inflammation and tissue 
repair. It is a key regulating molecule that directs 
cellular response, inducing extracellular matrix 
deposition while suppressing inflammatory effects 
by activating immune cells and promoting tissue 
repair by modulating fibroblast activity14. E-MTA had 
significant upregulation of TGF-β suggesting that it 
can promote tissue healing processes with little 
inflammation, which is consistent with previous 
studies describing biocompatibility and bioactivity 
15. This property is of particular benefit in endodontic 
treatment, especially where a controlled inflamma-
tory response is essential for the resolution of periapi-
cal lesions, and regeneration of damaged tissue 16. 
IL-10 also causes a major type of inhibition that 
suppresses the generation of pro-inflammatory 
mediators and stabilizes tissues 17. This is further 
highlighted by the substantial upregulation of IL-10 
by E-MTA. E-MTA could effectively decrease the risk 
of persistent inflammation by increasing IL-10 expres-
sion. On the other hand, the relatively lower expres-
sion of IL-10 by Ketac-E and S-apex indicated the 
limited inflammation-suppressing potential. It there-
fore may impact the overall clinical efficacy of 
these materials 18.

Differences in composition may explain why Ketac-E 
and S-apex performed less in upregulating TGF-β 
and IL-10 than E-MTA 19. Mineral trioxide aggregate 
present in E-MTA is known to be superior because of 
its biocompatibility and ability to release bioactive 
ions that interact with cellular pathways 20. Glass 
ionomer-based Ketac-E sealer and S-apex contain-
ing calcium hydroxide do not display the extensive 
bioactive ion release characteristic of E-MTA, and 
may therefore be limited in their ability to influence 
anti-inflammatory gene expression 21. The major 
determinant of the clinical effectiveness of 

endodontic sealers is their capacity to modulate the 
inflammatory process and favor tissue repair 22. 
Results also suggested that bioactive sealers like 
E-MTA could be utilized as a material having extend-
ed functionality beyond sealing capacity, providing 
features of intervening in cellular responses and 
improving treatment outcomes. In this study, the 
reliability of the experimental design and outcome 
was further validated with the optimized use of 
positive controls. These findings were also consistent 
across replicates and indicated the robustness of 
the study highlighting the potential clinical implica-
tions of these results. The ability of E-MTA to dramati-
cally upregulate TGF-β and IL-10 indicates its poten-
tial as a superior therapy which is tuned to inhibit 
post-treatment inflammation and enhance tissue 
regneration23.
 
Although the results are promising, some study 
limitations are worth noting. The in vitro design 
enables a control environment for experimentation 
but may not replicate the complex in vivo environ-
ment 24. The long-term effects on inflammation and 
tissue healing should be assessed, by validating 
them in animal models and clinical settings 25,26. 
Finally, the molecular mechanisms that underlie the 
bioactivity of E-MTA by modulating TGF-β and IL-10 
expression could be explored deeply. Overall, this 
study showed superior anti-inflammatory and bioac-
tive properties of E–MTA versus Ketac–E and S–apex, 
with its enhanced activity of TGFβ and IL10 upregu-
lation in hPDLSCs.
 
CONCLUSION
This study concluded that the endodontic sealers 
(commercial products) can affect the regulation of 
TGF-β and IL-10 in HPDLSCs: E-MTA is more bioactive 
and immunomodulatory than Ketac-E and S-apex. 
These studies imply that the using E-MTA might great-
ly improve patient benefits by accelerating the rate 
of tissue regeneration and decreasing inflammation 
in endodontic procedures. However, if these bene-
fits are to translate into practice, several issues must 
be considered, including; cost, accessibility, and 
familiarity of the practitioners. Other studies will be 
required to elucidate sealer bioactivity and 
biomarker-based assessments to tailor the materials 
of choice and enhance the effectiveness in the 
treatment of endodontic diseases.
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The detailed characteristics of included trials are as follows: (Table 1) 

Total Number of Patients Across Studies 
The total number of patients ranges from 25 to 126 in TAPP repair whereas the total number of patients ranges 
from 25 to 109 per study in Liechtenstein repair (Table 1). 

Sex Ratio Observations 
Studies have a significantly higher number of male patients as compared to female patients. 

Study Year of 
Study  

Country Multice
nter 

Period TAPP 
No. of 

Patients 

Lichenstein 
No. of 

Patients 

Other 
repair 

techniq
ues 

used 

Age Gender Anest
hesia 

Pain Scale 
VAS 

Mean ± 
standard 
deviation 

(SD). 

Dumitr
escu et 
al4 

 2023 ROMANIA YES  2021-
2023  

126  109  NO  TAPP:
 54.7
+/-
16.5 
LICHT
ENSTE
IN:62.
3+/-
14.71 

TAPP: 
118/8 
LICHTE
NSTEIN:
100/9 

Both  TAPP: 1.230, 
Lichtenstein: 
1.807 

Ahmed 
Abd El 
Sultan 
et al5 

 2022 EGYPT  YES  NA   49 51  NO  TAPP:
 34.71
+/-
11.95 
LICHT
ENSTE
IN: 
35.82
+/-
11.45 

 NA Both  TAPP: 1.22, 
Lichtenstein:
2.41 

Gomes 
et al6 

 2021 NEW YORK  YES   2014-
2016 

 114 35   NO TAPP:
 54.6
+/-17 
LICHT
ENSTE
IN: 
55ye
ars 

 TAPP:9
6/18 
LICHTE
NSTEIN: 
27/8 

Both  TAPP: 26.3%Li
chtenstein:7
4.7% 

Sofi et 
al7 

 2021  INDIA  NO  2015-
2017 

 30 30   NO TAPP:
 54.4
+/-
13.95 
LICHT
ENSTE
IN: 
54.2+
/-
11.24 

TAPP:  3
0/0 
LICHTE
NSTEIN: 
30/0 

Both  TAPP:20.9, 
Lichtenstein:
29.3 

Salma 
et al8 

 2015  PAKISTAN  NO   Jan 
2009-
dec 
2009 

 30  30  NO  NA TAPP:  3
0/0 
LICHTE
NSTEIN: 
30/0 

Both  TAPP4.43, 
Lichtenstein:
6.23 

Abbas 
et al9 

 2012  EGYPT  NO  2008-
2011 

 88 97   NO  TAPP
: 35.9 
± 
12.10
4 
LICHT
ENSTE

TAPP86
/2 
LICHTE
NSTEIN:
94/3 

Both   NA 

Table 1: Characteristics of Studies Included in the Meta-Analysis Comparing TAPP and Lichtenstein 
Techniques 
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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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DISCUSSION
In this study, three commercially available 
endodontic sealers (E-MTA, Ketac-E, and S-apex) 
were evaluated for their anti-inflammatory potential 
These biomarkers are important for immune regula-
tion, inflammation modulation, and tissue repair, 
and this biomarker framework offers a crucial frame-
work for the bio-functional characterization of 
endodontic materials 12. These findings showed that 
E-MTA upregulated gene expression of TGF-β (3.12 
fold) and IL-10 (2.97 fold) compared to control, 
demonstrating superior anti-inflammatory and 
immunomodulatory properties. In comparison, 
Ketac-E showed moderate upregulation for TGF-β 
(1.7 fold) and IL-10 (1.8 fold) expression while S-apex 
demonstrated the least upregulation of 1.4-fold, 
and 1.7-fold for TGF-β and IL-10 respectively. These 
findings demonstrate the sealers' differential bioac-
tivity and emphasize potential E-MTA clinical 
regimens to promote a favorable healing environ-
ment during root canal therapy13.

TGF-β plays a double role in inflammation and tissue 
repair. It is a key regulating molecule that directs 
cellular response, inducing extracellular matrix 
deposition while suppressing inflammatory effects 
by activating immune cells and promoting tissue 
repair by modulating fibroblast activity14. E-MTA had 
significant upregulation of TGF-β suggesting that it 
can promote tissue healing processes with little 
inflammation, which is consistent with previous 
studies describing biocompatibility and bioactivity 
15. This property is of particular benefit in endodontic 
treatment, especially where a controlled inflamma-
tory response is essential for the resolution of periapi-
cal lesions, and regeneration of damaged tissue 16. 
IL-10 also causes a major type of inhibition that 
suppresses the generation of pro-inflammatory 
mediators and stabilizes tissues 17. This is further 
highlighted by the substantial upregulation of IL-10 
by E-MTA. E-MTA could effectively decrease the risk 
of persistent inflammation by increasing IL-10 expres-
sion. On the other hand, the relatively lower expres-
sion of IL-10 by Ketac-E and S-apex indicated the 
limited inflammation-suppressing potential. It there-
fore may impact the overall clinical efficacy of 
these materials 18.

Differences in composition may explain why Ketac-E 
and S-apex performed less in upregulating TGF-β 
and IL-10 than E-MTA 19. Mineral trioxide aggregate 
present in E-MTA is known to be superior because of 
its biocompatibility and ability to release bioactive 
ions that interact with cellular pathways 20. Glass 
ionomer-based Ketac-E sealer and S-apex contain-
ing calcium hydroxide do not display the extensive 
bioactive ion release characteristic of E-MTA, and 
may therefore be limited in their ability to influence 
anti-inflammatory gene expression 21. The major 
determinant of the clinical effectiveness of 

endodontic sealers is their capacity to modulate the 
inflammatory process and favor tissue repair 22. 
Results also suggested that bioactive sealers like 
E-MTA could be utilized as a material having extend-
ed functionality beyond sealing capacity, providing 
features of intervening in cellular responses and 
improving treatment outcomes. In this study, the 
reliability of the experimental design and outcome 
was further validated with the optimized use of 
positive controls. These findings were also consistent 
across replicates and indicated the robustness of 
the study highlighting the potential clinical implica-
tions of these results. The ability of E-MTA to dramati-
cally upregulate TGF-β and IL-10 indicates its poten-
tial as a superior therapy which is tuned to inhibit 
post-treatment inflammation and enhance tissue 
regneration23.
 
Although the results are promising, some study 
limitations are worth noting. The in vitro design 
enables a control environment for experimentation 
but may not replicate the complex in vivo environ-
ment 24. The long-term effects on inflammation and 
tissue healing should be assessed, by validating 
them in animal models and clinical settings 25,26. 
Finally, the molecular mechanisms that underlie the 
bioactivity of E-MTA by modulating TGF-β and IL-10 
expression could be explored deeply. Overall, this 
study showed superior anti-inflammatory and bioac-
tive properties of E–MTA versus Ketac–E and S–apex, 
with its enhanced activity of TGFβ and IL10 upregu-
lation in hPDLSCs.
 
CONCLUSION
This study concluded that the endodontic sealers 
(commercial products) can affect the regulation of 
TGF-β and IL-10 in HPDLSCs: E-MTA is more bioactive 
and immunomodulatory than Ketac-E and S-apex. 
These studies imply that the using E-MTA might great-
ly improve patient benefits by accelerating the rate 
of tissue regeneration and decreasing inflammation 
in endodontic procedures. However, if these bene-
fits are to translate into practice, several issues must 
be considered, including; cost, accessibility, and 
familiarity of the practitioners. Other studies will be 
required to elucidate sealer bioactivity and 
biomarker-based assessments to tailor the materials 
of choice and enhance the effectiveness in the 
treatment of endodontic diseases.
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Age Range 
The mean age varies between 34.71 and 54.7 years across different studies in TAPP repair (Table 1). The age 
range is broad, with some studies focusing on the younger patient age group e.g., 34.71 years, and others 
on the older patient age groups e.g., 54.7 years.  
In the Lichtenstein repair technique, the mean age varies between 35.12 and 62.3 years. The studies showed 
a similar variable age range as the TAPP technique, with some studies including younger age group mean 
ages and others reporting older age group mean age ranges. 
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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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TAPP: Transabdominal Preperitoneal
RCTs: Randomised Controlled Trials
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LIHR: Laparoscopic Inguinal Hernia Repair
OIHR: Open Inguinal Hernia Repair
OR: Odds Ratio
TEP: Total Extraperitoneal
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DISCUSSION
In this study, three commercially available 
endodontic sealers (E-MTA, Ketac-E, and S-apex) 
were evaluated for their anti-inflammatory potential 
These biomarkers are important for immune regula-
tion, inflammation modulation, and tissue repair, 
and this biomarker framework offers a crucial frame-
work for the bio-functional characterization of 
endodontic materials 12. These findings showed that 
E-MTA upregulated gene expression of TGF-β (3.12 
fold) and IL-10 (2.97 fold) compared to control, 
demonstrating superior anti-inflammatory and 
immunomodulatory properties. In comparison, 
Ketac-E showed moderate upregulation for TGF-β 
(1.7 fold) and IL-10 (1.8 fold) expression while S-apex 
demonstrated the least upregulation of 1.4-fold, 
and 1.7-fold for TGF-β and IL-10 respectively. These 
findings demonstrate the sealers' differential bioac-
tivity and emphasize potential E-MTA clinical 
regimens to promote a favorable healing environ-
ment during root canal therapy13.

TGF-β plays a double role in inflammation and tissue 
repair. It is a key regulating molecule that directs 
cellular response, inducing extracellular matrix 
deposition while suppressing inflammatory effects 
by activating immune cells and promoting tissue 
repair by modulating fibroblast activity14. E-MTA had 
significant upregulation of TGF-β suggesting that it 
can promote tissue healing processes with little 
inflammation, which is consistent with previous 
studies describing biocompatibility and bioactivity 
15. This property is of particular benefit in endodontic 
treatment, especially where a controlled inflamma-
tory response is essential for the resolution of periapi-
cal lesions, and regeneration of damaged tissue 16. 
IL-10 also causes a major type of inhibition that 
suppresses the generation of pro-inflammatory 
mediators and stabilizes tissues 17. This is further 
highlighted by the substantial upregulation of IL-10 
by E-MTA. E-MTA could effectively decrease the risk 
of persistent inflammation by increasing IL-10 expres-
sion. On the other hand, the relatively lower expres-
sion of IL-10 by Ketac-E and S-apex indicated the 
limited inflammation-suppressing potential. It there-
fore may impact the overall clinical efficacy of 
these materials 18.

Differences in composition may explain why Ketac-E 
and S-apex performed less in upregulating TGF-β 
and IL-10 than E-MTA 19. Mineral trioxide aggregate 
present in E-MTA is known to be superior because of 
its biocompatibility and ability to release bioactive 
ions that interact with cellular pathways 20. Glass 
ionomer-based Ketac-E sealer and S-apex contain-
ing calcium hydroxide do not display the extensive 
bioactive ion release characteristic of E-MTA, and 
may therefore be limited in their ability to influence 
anti-inflammatory gene expression 21. The major 
determinant of the clinical effectiveness of 

endodontic sealers is their capacity to modulate the 
inflammatory process and favor tissue repair 22. 
Results also suggested that bioactive sealers like 
E-MTA could be utilized as a material having extend-
ed functionality beyond sealing capacity, providing 
features of intervening in cellular responses and 
improving treatment outcomes. In this study, the 
reliability of the experimental design and outcome 
was further validated with the optimized use of 
positive controls. These findings were also consistent 
across replicates and indicated the robustness of 
the study highlighting the potential clinical implica-
tions of these results. The ability of E-MTA to dramati-
cally upregulate TGF-β and IL-10 indicates its poten-
tial as a superior therapy which is tuned to inhibit 
post-treatment inflammation and enhance tissue 
regneration23.
 
Although the results are promising, some study 
limitations are worth noting. The in vitro design 
enables a control environment for experimentation 
but may not replicate the complex in vivo environ-
ment 24. The long-term effects on inflammation and 
tissue healing should be assessed, by validating 
them in animal models and clinical settings 25,26. 
Finally, the molecular mechanisms that underlie the 
bioactivity of E-MTA by modulating TGF-β and IL-10 
expression could be explored deeply. Overall, this 
study showed superior anti-inflammatory and bioac-
tive properties of E–MTA versus Ketac–E and S–apex, 
with its enhanced activity of TGFβ and IL10 upregu-
lation in hPDLSCs.
 
CONCLUSION
This study concluded that the endodontic sealers 
(commercial products) can affect the regulation of 
TGF-β and IL-10 in HPDLSCs: E-MTA is more bioactive 
and immunomodulatory than Ketac-E and S-apex. 
These studies imply that the using E-MTA might great-
ly improve patient benefits by accelerating the rate 
of tissue regeneration and decreasing inflammation 
in endodontic procedures. However, if these bene-
fits are to translate into practice, several issues must 
be considered, including; cost, accessibility, and 
familiarity of the practitioners. Other studies will be 
required to elucidate sealer bioactivity and 
biomarker-based assessments to tailor the materials 
of choice and enhance the effectiveness in the 
treatment of endodontic diseases.

CONFLICT OF INTEREST
The authors have no conflict of interest.

ETHICAL APPROVAL
The permission was obtained from the Ethical Com-
mittee of (BMU-EC/06-2022) Department of
Sciences of Dental Materials, Baqai Medical Univer-
sity Karachi.

AUTHORS CONTRIBUTION
AI, KN conceived the idea and designed the 
research work, KA, MYA, EUH did data analysis, MYA, 
NK did the manuscript writing, AI, EUH did proof read 
and editing, All authors agreed to be accountable 
for all aspects of research.

REFERENCES
1. Romandini P, Marruganti C, Romandini WG, Sanz 
M, Grandini S, Romandini M. Are periodontitis and 
dental caries associated? A systematic review with 
meta‐analyses. Journal of clinical periodontology. 
2024 Feb;51(2):145-57. Doi: 10.1111/jcpe.13910
2. Nijakowski K, Ortarzewska M, Jankowski J, 
Lehmann A, Surdacka A. The role of cellular metab-
olism in maintaining the function of the dentine-pulp 
complex: a narrative review. Metabolites. 2023 Apr 
5;13(4):520.Doi : 10.3390/metabo13040520
3. Chaisophin K, Ketpan K, Jarassri K, Puapichart-
dumrong P, Wisithphrom K. Success and Failure of 
Nonsurgical Root Canal Treatment Performed by 
Dental Students: A Retrospective Study. Journal of 
International Dental and Medical Research. 2022 
Sep 1;15(3):1278-85. Doi: Not available.
4. Kula Ł, Kalinowska J, Koczor-Rozmus A. Endodon-
tic treatment regimens and their application in 
practice-survey and comparative study. Journal of 
Education, Health and Sport. 2021 Jul 6;11(7):30-43. 
Doi: 10.12775/JEHS.2021.11.07.003.
5. Krupińska AM, Skośkiewicz-Malinowska K, Stanio-
wski T. Different approaches to the regeneration of 
dental tissues in regenerative endodontics. Applied 
Sciences. 2021 Feb 14;11(4):1699. Doi: 
10.3390/app11041699
6. Pushpalatha C, Dhareshwar V, Sowmya SV, 
Augustine D, Vinothkumar TS, Renugalakshmi A, et 
al. Modified mineral trioxide aggregate—A versatile 
dental material: An insight on applications and 
newer advancements. Frontiers in Bioengineering 
and Biotechnology. 2022 Aug 9;10:941826. Doi: 
10.3389/fbioe.2022.941826
7. Estivalet MS, de Araujo LP, Immich F, da Silva AF, 
Ferreira ND, da Rosa WL, et al. Bioactivity potential 
of bioceramic-based root canal sealers: a scoping 
review. Life. 2022 Nov 11;12(11):1853. Doi: 
10.3390/life12111853
8. Zeid ST, Alnoury A. Characterisation of the Bioac-
tivity and the solubility of a New Root Canal Sealer. 
international dental journal. 2023 Oct 1;73(5):760-9. 
Doi: 10.1016/j.identj.2023.04.003
9. Wu YR, Hsing CH, Chiu CJ, Huang HY, Hsu YH. Roles 
of IL‐1 and IL‐10 family cytokines in the progression of 
systemic lupus erythematosus: Friends or foes?. 
IUBMB life. 2022 Feb;74(2):143-56. Doi: 10.1002/i-
ub.2568
10. Nagata K, Nishiyama C. IL-10 in mast cell-mediat-
ed immune responses: Anti-inflammatory and proin-
flammatory roles. International journal of molecular 
sciences. 2021 May 7;22(9):4972. Doi: 10.3390/i-
jms22094972

11. Liu S, Guo J, Cheng X, Li W, Lyu S, Chen X, et al. 
Molecular evolution of transforming growth factor-β 
(TGF-β) gene family and the functional characteri-
zation of lamprey TGF-β2. Frontiers in Immunology. 
2022 Mar 4;13:836226. Doi: 10.3389/fim-
mu.2022.836226
12. Darvishi M, Hamidabadi HG, Bojnordi MN, Zahiri 
M, Niapour A, Alizadeh R. Differentiation of human 
dental pulp stem cells into functional motor neuron: 
In vitro and ex vivo study. Tissue and Cell. 2021 Oct 
1;72:101542. Doi: 10.1016/j.tice.2021.101542
13. Yan Y, Li Y, Chi Y, Ji M, Shen Y, Zou L. A compara-
tive study of biological properties of three root canal 
sealers. Clinical Oral Investigations. 2023 Dec 
22;28(1):11. Doi: 10.1007/s00784-023-05402-7
14. Chung‐Davidson YW, Ren J, Yeh CY, Bussy U, 
Huerta B, Davidson PJ, Whyard S, Li W. TGF‐β signal-
ing plays a pivotal role during developmental biliary 
atresia in sea lamprey (Petromyzon marinus). Hepa-
tology Communications. 2020 Feb;4(2):219-34. Doi: 
10.1002/hep4.1461
15. Bolhari B, Noori F, Assadian H, Raee A, Ghabraei 
S, Shamshiri AR, et al. The effect of three additives on 
properties of mineral trioxide aggregate cements: a 
systematic review and meta-analysis of in vitro 
studies. BMC Oral Health. 2024 Mar 14;24(1):335. Doi: 
10.1186/s12903-024-04103-1
16. Luo X, Wan Q, Cheng L, Xu R. Mechanisms of 
bone remodeling and therapeutic strategies in 
chronic apical periodontitis. Frontiers in cellular and 
infection microbiology. 2022 Jul 22;12:908859. Doi: 
10.3389/fcimb.2022.908859
17. Radomir L, Kramer MP, Perpinial M, Schottlender 
N, Rabani S, David K, et al. The survival and function 
of IL-10-producing regulatory B cells are negatively 
controlled by SLAMF5. Nature communications. 
2021 Mar 25;12(1):1893. Doi: 
10.1038/s41467-021-22230-z
18. Liang C, Liao L, Tian W. Stem cell‐based dental 
pulp regeneration: insights from signaling pathways. 
Stem cell reviews and reports. 2021 Aug 1:1-3. Doi: 
10.1007/s12015-020-10117-3
19. Yin H, Yang X, Peng L, Xia C, Zhang D, Cui F, et al. 
Trends of calcium silicate biomaterials in medical 
research and applications: A bibliometric analysis 
from 1990 to 2020. Frontiers in Pharmacology. 2022 
Oct 14;13:991377. Doi: 10.3389/fphar.2022.991377
20. Montero-Aguilar M, Vega-Baudrit JR, Bach RP, 
Pozos-Guillén A, Ulate-Rodríguez E, Chavarría-Bo-
laños D. Physico-Chemical comparison of four com-
mercially available mineral trioxide aggregates. 
Odovtos-International Journal of Dental Sciences. 
2024 Jan 16;25(3):67-81. Doi: 10.15517/i-
jds.2023.54672
21. Uygun AD, Şen S, Çelik S. Comparison of biocom-
patibility of epoxy resin and bioceramic-based root 
canal sealers. Clinical Oral Investigations. 2024 Dec 
2;28(12):673. Doi: 10.1007/s00784-024-06071-w
22. Abbott PV. Present status and future 
directions: managing endodontic emergencies. 

International Endodontic Journal. 2022 
May;55:778-803. Doi: 10.1111/iej.13678
23. Zeid ST, Alnoury A. Characterisation of the Bioac-
tivity and the solubility of a New Root Canal Sealer. 
international dental journal. 2023 Oct 1;73(5):760-9. 
Doi: 10.1016/j.identj.2023.04.003
24. Liu TJ, Zhou JN, Guo LH. Impact of different 
regenerative techniques and materials on the 
healing outcome of endodontic surgery: a system-
atic review and meta‐analysis. International 
endodontic journal. 2021 Apr;54(4):536-55. Doi: 
10.1111/iej.13440

25. Sethi S, Gupta A, Kurian AH, Abraham D, Chau-
han P, Aneja K, et al. Effect of calcium hydroxide on 
fracture resistance and microhardness of dentin in 
human teeth: A systematic review. Endodontology. 
2022 Oct 1;34(4):223-8. Doi: 10.4103/endo.en-
do_225_21
26. Best S, Ammons CL, Karunanayake GA, 
Saemundsson SR, Tawil PZ. Outcome assessment of 
teeth with necrotic pulps and apical periodontitis 
treated with long-term calcium hydroxide. Journal 
of Endodontics. 2021 Jan 1;47(1):11-8. Doi: 
10.1016/j.joen.2020.09.005 

Duration of Surgery 
The duration of surgery comparison between nine studies is shown in Table 2. 7 out of 9 studies provided data 
on surgery duration.5,6,7,9,10,11,12. Two studies did not provide sufficient data for the duration of surgery4,8. The 
duration of surgery ranged from 46.3 to 96.12 minutes in TAPP repair and 27.8 to 54.2 minutes in the 
Lichtenstein technique. 

Figure 2: Forest Plot of Surgery Duration 

The above forest plot (fig 2) compares the duration of surgery for TAPP and Lichtenstein techniques using 
Standardized Mean Difference (SMD). The included 7 studies favor the Lichtenstein technique, as their SMD 
values are positive and located to the right of the "No Effect" line (SMD = 0).  The pooled SMD is approximately 
1.50 (95% CI: 1.19–1.81), which represented a large and statistically significant difference favoring the 
Lichtenstein technique for shorter surgery duration. 
It was observed that the duration of surgery for the Laparoscopic TAPP technique generally tends to be 
longer as compared to the open Lichtenstein technique, which was consistent across most studies. This 
variation in operation duration could be due to differences in surgical techniques, advanced surgical skills of 
the surgeons, and individual patient factors. 

Acute Postoperative Pain 
A total of 7 studies out of nine had provided data on pain outcomes4,5,6,7,8,10,12. The TAPP technique had a 
mean pain score of 5.65±6.85 SD and the Lichtenstein technique got 8.53±9.45 (Table 2). The TAPP repair 
technique had a lower average pain score (5.66) compared to the Lichtenstein technique (8.53), indicating 
that the patients generally experience more acute post-operative pain with Lichtenstein open surgical 
repair. 
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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
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OIHR: Open Inguinal Hernia Repair
OR: Odds Ratio
TEP: Total Extraperitoneal
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DISCUSSION
In this study, three commercially available 
endodontic sealers (E-MTA, Ketac-E, and S-apex) 
were evaluated for their anti-inflammatory potential 
These biomarkers are important for immune regula-
tion, inflammation modulation, and tissue repair, 
and this biomarker framework offers a crucial frame-
work for the bio-functional characterization of 
endodontic materials 12. These findings showed that 
E-MTA upregulated gene expression of TGF-β (3.12 
fold) and IL-10 (2.97 fold) compared to control, 
demonstrating superior anti-inflammatory and 
immunomodulatory properties. In comparison, 
Ketac-E showed moderate upregulation for TGF-β 
(1.7 fold) and IL-10 (1.8 fold) expression while S-apex 
demonstrated the least upregulation of 1.4-fold, 
and 1.7-fold for TGF-β and IL-10 respectively. These 
findings demonstrate the sealers' differential bioac-
tivity and emphasize potential E-MTA clinical 
regimens to promote a favorable healing environ-
ment during root canal therapy13.

TGF-β plays a double role in inflammation and tissue 
repair. It is a key regulating molecule that directs 
cellular response, inducing extracellular matrix 
deposition while suppressing inflammatory effects 
by activating immune cells and promoting tissue 
repair by modulating fibroblast activity14. E-MTA had 
significant upregulation of TGF-β suggesting that it 
can promote tissue healing processes with little 
inflammation, which is consistent with previous 
studies describing biocompatibility and bioactivity 
15. This property is of particular benefit in endodontic 
treatment, especially where a controlled inflamma-
tory response is essential for the resolution of periapi-
cal lesions, and regeneration of damaged tissue 16. 
IL-10 also causes a major type of inhibition that 
suppresses the generation of pro-inflammatory 
mediators and stabilizes tissues 17. This is further 
highlighted by the substantial upregulation of IL-10 
by E-MTA. E-MTA could effectively decrease the risk 
of persistent inflammation by increasing IL-10 expres-
sion. On the other hand, the relatively lower expres-
sion of IL-10 by Ketac-E and S-apex indicated the 
limited inflammation-suppressing potential. It there-
fore may impact the overall clinical efficacy of 
these materials 18.

Differences in composition may explain why Ketac-E 
and S-apex performed less in upregulating TGF-β 
and IL-10 than E-MTA 19. Mineral trioxide aggregate 
present in E-MTA is known to be superior because of 
its biocompatibility and ability to release bioactive 
ions that interact with cellular pathways 20. Glass 
ionomer-based Ketac-E sealer and S-apex contain-
ing calcium hydroxide do not display the extensive 
bioactive ion release characteristic of E-MTA, and 
may therefore be limited in their ability to influence 
anti-inflammatory gene expression 21. The major 
determinant of the clinical effectiveness of 

endodontic sealers is their capacity to modulate the 
inflammatory process and favor tissue repair 22. 
Results also suggested that bioactive sealers like 
E-MTA could be utilized as a material having extend-
ed functionality beyond sealing capacity, providing 
features of intervening in cellular responses and 
improving treatment outcomes. In this study, the 
reliability of the experimental design and outcome 
was further validated with the optimized use of 
positive controls. These findings were also consistent 
across replicates and indicated the robustness of 
the study highlighting the potential clinical implica-
tions of these results. The ability of E-MTA to dramati-
cally upregulate TGF-β and IL-10 indicates its poten-
tial as a superior therapy which is tuned to inhibit 
post-treatment inflammation and enhance tissue 
regneration23.
 
Although the results are promising, some study 
limitations are worth noting. The in vitro design 
enables a control environment for experimentation 
but may not replicate the complex in vivo environ-
ment 24. The long-term effects on inflammation and 
tissue healing should be assessed, by validating 
them in animal models and clinical settings 25,26. 
Finally, the molecular mechanisms that underlie the 
bioactivity of E-MTA by modulating TGF-β and IL-10 
expression could be explored deeply. Overall, this 
study showed superior anti-inflammatory and bioac-
tive properties of E–MTA versus Ketac–E and S–apex, 
with its enhanced activity of TGFβ and IL10 upregu-
lation in hPDLSCs.
 
CONCLUSION
This study concluded that the endodontic sealers 
(commercial products) can affect the regulation of 
TGF-β and IL-10 in HPDLSCs: E-MTA is more bioactive 
and immunomodulatory than Ketac-E and S-apex. 
These studies imply that the using E-MTA might great-
ly improve patient benefits by accelerating the rate 
of tissue regeneration and decreasing inflammation 
in endodontic procedures. However, if these bene-
fits are to translate into practice, several issues must 
be considered, including; cost, accessibility, and 
familiarity of the practitioners. Other studies will be 
required to elucidate sealer bioactivity and 
biomarker-based assessments to tailor the materials 
of choice and enhance the effectiveness in the 
treatment of endodontic diseases.
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Figure 3: Forest Plot for Pain Score  

The pooled Standardized Mean Difference (SMD) is -1.82 and the 95% CI is -2.01 to -1.63. All studies fall onto 
the left of the "No Effect" line (SMD = 0), favoring the TAPP technique (fig-3). This represented that the TAPP 
technique results in significantly reduced pain scores as compared to the Lichtenstein technique. There was 
consistency across studies which suggested limited heterogeneity, as all 7 studies had similar trends favoring 
TAPP for lower pain scores. 
 
Complications 
The overall complication rate across all nine studies observed is shown in Figure 4. The cumulative Odds Ratio 
(OR) for post-operative complications across all nine studies was approximately 0.42 which indicated that 
the patients undergoing the TAPP procedure have a significantly lower risk of complications as compared to 
patients undergoing the Lichtenstein open repair operation (Fig -4). 

Figure 4: Forest Plot Representing the Complication Rates Across Studies 
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Operation for Primary Inguinal Hernia Repair  
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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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VAS: Visual Analogue Scale
LIHR: Laparoscopic Inguinal Hernia Repair
OIHR: Open Inguinal Hernia Repair
OR: Odds Ratio
TEP: Total Extraperitoneal
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DISCUSSION
In this study, three commercially available 
endodontic sealers (E-MTA, Ketac-E, and S-apex) 
were evaluated for their anti-inflammatory potential 
These biomarkers are important for immune regula-
tion, inflammation modulation, and tissue repair, 
and this biomarker framework offers a crucial frame-
work for the bio-functional characterization of 
endodontic materials 12. These findings showed that 
E-MTA upregulated gene expression of TGF-β (3.12 
fold) and IL-10 (2.97 fold) compared to control, 
demonstrating superior anti-inflammatory and 
immunomodulatory properties. In comparison, 
Ketac-E showed moderate upregulation for TGF-β 
(1.7 fold) and IL-10 (1.8 fold) expression while S-apex 
demonstrated the least upregulation of 1.4-fold, 
and 1.7-fold for TGF-β and IL-10 respectively. These 
findings demonstrate the sealers' differential bioac-
tivity and emphasize potential E-MTA clinical 
regimens to promote a favorable healing environ-
ment during root canal therapy13.

TGF-β plays a double role in inflammation and tissue 
repair. It is a key regulating molecule that directs 
cellular response, inducing extracellular matrix 
deposition while suppressing inflammatory effects 
by activating immune cells and promoting tissue 
repair by modulating fibroblast activity14. E-MTA had 
significant upregulation of TGF-β suggesting that it 
can promote tissue healing processes with little 
inflammation, which is consistent with previous 
studies describing biocompatibility and bioactivity 
15. This property is of particular benefit in endodontic 
treatment, especially where a controlled inflamma-
tory response is essential for the resolution of periapi-
cal lesions, and regeneration of damaged tissue 16. 
IL-10 also causes a major type of inhibition that 
suppresses the generation of pro-inflammatory 
mediators and stabilizes tissues 17. This is further 
highlighted by the substantial upregulation of IL-10 
by E-MTA. E-MTA could effectively decrease the risk 
of persistent inflammation by increasing IL-10 expres-
sion. On the other hand, the relatively lower expres-
sion of IL-10 by Ketac-E and S-apex indicated the 
limited inflammation-suppressing potential. It there-
fore may impact the overall clinical efficacy of 
these materials 18.

Differences in composition may explain why Ketac-E 
and S-apex performed less in upregulating TGF-β 
and IL-10 than E-MTA 19. Mineral trioxide aggregate 
present in E-MTA is known to be superior because of 
its biocompatibility and ability to release bioactive 
ions that interact with cellular pathways 20. Glass 
ionomer-based Ketac-E sealer and S-apex contain-
ing calcium hydroxide do not display the extensive 
bioactive ion release characteristic of E-MTA, and 
may therefore be limited in their ability to influence 
anti-inflammatory gene expression 21. The major 
determinant of the clinical effectiveness of 

endodontic sealers is their capacity to modulate the 
inflammatory process and favor tissue repair 22. 
Results also suggested that bioactive sealers like 
E-MTA could be utilized as a material having extend-
ed functionality beyond sealing capacity, providing 
features of intervening in cellular responses and 
improving treatment outcomes. In this study, the 
reliability of the experimental design and outcome 
was further validated with the optimized use of 
positive controls. These findings were also consistent 
across replicates and indicated the robustness of 
the study highlighting the potential clinical implica-
tions of these results. The ability of E-MTA to dramati-
cally upregulate TGF-β and IL-10 indicates its poten-
tial as a superior therapy which is tuned to inhibit 
post-treatment inflammation and enhance tissue 
regneration23.
 
Although the results are promising, some study 
limitations are worth noting. The in vitro design 
enables a control environment for experimentation 
but may not replicate the complex in vivo environ-
ment 24. The long-term effects on inflammation and 
tissue healing should be assessed, by validating 
them in animal models and clinical settings 25,26. 
Finally, the molecular mechanisms that underlie the 
bioactivity of E-MTA by modulating TGF-β and IL-10 
expression could be explored deeply. Overall, this 
study showed superior anti-inflammatory and bioac-
tive properties of E–MTA versus Ketac–E and S–apex, 
with its enhanced activity of TGFβ and IL10 upregu-
lation in hPDLSCs.
 
CONCLUSION
This study concluded that the endodontic sealers 
(commercial products) can affect the regulation of 
TGF-β and IL-10 in HPDLSCs: E-MTA is more bioactive 
and immunomodulatory than Ketac-E and S-apex. 
These studies imply that the using E-MTA might great-
ly improve patient benefits by accelerating the rate 
of tissue regeneration and decreasing inflammation 
in endodontic procedures. However, if these bene-
fits are to translate into practice, several issues must 
be considered, including; cost, accessibility, and 
familiarity of the practitioners. Other studies will be 
required to elucidate sealer bioactivity and 
biomarker-based assessments to tailor the materials 
of choice and enhance the effectiveness in the 
treatment of endodontic diseases.
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The pooled Odds Ratio of 0.42 with a Confidence Interval CI (0.32–0.55) indicates that TAPP repair has 
significantly lower odds of complications compared to Lichtenstein repair. The I  value of 12.89% shows 
minimal heterogeneity, indicating consistency across studies. 
 
Hematoma 
With TAPP repair hematoma rates ranged from 0% to 7.9% and 0% to 7.76% with Lichtenstein repair. The mean 
hematoma rate with TAPP repair was 2.48% and 2.55% with Lichtenstein repair. In TAPP Hematoma rates vary 
significantly across studies, with the highest being 7.9% in Abbas et al9 and the lowest being 0% in Ahmed 
abd el sultan et al5, Gomes et al6. And anadol et12.  
Overall comparison shows the hematoma rates for both procedures are comparable, and slightly higher 
average rates for Lichtenstein repair are observed in the meta-analysis. Both techniques showed a variable 
range of hematoma rates, but the mean values are relatively close to each other in both. This suggests that 
the overall performance in terms of hematoma incidence is similar in both, but individual study outcomes 
can vary considerably. 
Seroma 
With TAPP technique the incidence of seroma on average was approximately 3.49% and standard deviation 
of 2.71%. It indicated a high degree of variability in seroma rates, with rates ranging from 0% to 8.33% in TAPP 
laparoscopic technique. 
The average incidence of seroma in Lichtenstein technique was about 4.26% with Standard Deviation 2.80%. 
This showed moderate variability in seroma rates, with rates ranging from 0% to 7.8%. The mean rates of 
seroma incidence were close, but TAPP technique showed a higher variability in outcomes compared to 
open repair. On average, Lichtenstein open repair procedures were associated with a higher risk of seroma 
formation as compared to TAPP laparoscopic technique. 
Infections 
In the TAPP group, many studies including Dumitrescu4, Ahmed abd el Sultan5, Sofi7, Abbas9, Pokorny11 
reported a 0% infection rate (Table 2) except Hamza10, which reports 4% infection rate, and Anadol12, which 
reports a 8% infection rate post-operatively. With the Lichtenstein technique, infection rates were generally 
higher compared to the TAPP technique, Dumitrescu4 reports 5.5% rate, and many other studies report rates 
between 3.09% and 4% (table 2). TAPP technique concluded to have a lower and more consistent infection 
rate, reported 0% infection rate in larger sample sizes e.g.,126 patients in Dumitrescu4, and Abbas9 with 88 
patients. 
Hamza10 (4%) and Anadol12 (8%) have higher infection rates in the TAPP group which indicates specific study 
conditions or variations in surgical practice or risk factors. 
A study by Dumitrescu4 with a total of 109 patients in the Lichtenstein group reported a high infection rate of 
5.5%, which may indicate a correlation with the surgical conditions or sample size. Lichtenstein technique 
exhibits infection rates reported between 3.09%.  
Thus TAPP technique is a safer option in terms of post-operative infection risk (figure 5). Surgeons may prefer 
TAPP laparoscopic repair over Lichtenstein open repair in patients where the risk of post-operative infections 
is a significant concern, especially in high-risk patients.  

Figure 5: Forest Plot for Infection Rate (Pooled Odds Ratio (OR): 0.45, 95% Confidence Interval (CI): 
0.39 to 0.51 and Forest Plot for Return to Work (Pooled Odds Ratio (OR) 0.38, 95% Confidence 
Interval (CI): 0.33 to 0.44) 



136 PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2025, VOL.14 (01) DOI: https://doi.org/10.36283/ziun-pjmd 14-1/020

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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In Fig-5 the pooled OR of 0.45 indicates that TAPP repair had significantly reduced risk of infections compared 
to Lichtenstein repair. 
 
Return to Work 
Patients who underwent TAPP repair procedures for inguinal hernia return to work more quickly as compared 
to those who had Lichtenstein repair (Table-2). The average return to work days for TAPP group patients 
ranges from 8 to 12 days, while Lichtenstein procedure patients on average return to work in 15 to 21 days. 
This analysis suggests that the TAPP laparoscopic technique offers a rapid recovery time and return to routine 
activities. A pooled OR of 0.38 showed that patients undergoing TAPP repair returned to work earlier as 
compared to those with Lichtenstein repair (fig-5). 

Risk of Bias Assessment 
The Risk of Bias was evaluated using the Cochrane Risk of Bias tool. Six domains were assessed which included 
six Random Sequence Generation (Selection Bias), Allocation Concealment (Selection Bias), Blinding of 
Outcome Assessment (Detection Bias), Blinding of Participants and Personnel (Performance Bias), Selective 
Reporting (Reporting Bias), and Incomplete Outcome Data (Attrition Bias). Three independent reviewers 
(MAJ, MAA, MM) assessed the risk of bias for each study included. Each reviewer independently evaluated 
the studies to ensure robustness. Any discrepancies in judgment were resolved through discussion and 
consensus. No automated tools were utilized; the risk of bias judgments was performed manually by the 
reviewers, thus ensured a critical evaluation process. Dumitrescu4, Abbas9, and Hamza10 showed a low risk of 
bias across most domains. A high risk of bias was noted in the blinding of participants and personnel for 
studies of Ahmed Abd El Sultan5 and Gomes6, which indicated performance bias, and blinding of outcome 
assessment in Pokorny11 and Anadol12, indicated detection bias (Fig-6). 

Figure 6: Risk of Bias across included Studies 

Sensitivity Analysis 
The overall findings remained consistent after the exclusion of high-risk studies and small sample-sized studies 
(see forest plots), hence confirming the robustness of meta-analysis results. The differences between fixed-
effects and random-effect models were very minimal, thus further validating the pooled estimates. 

Assessment of Heterogeneity 
For infection rates low heterogeneity was observed (I  < 25%), moderate to substantial heterogeneity (I  = 25–
75%) was noted for outcomes such as postoperative pain and complication rates, and high heterogeneity 
(I  > 75%) was detected for the surgical duration and return-to-work time (fig 7-8). 
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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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Figure 7: Graphical Presentation of Assessment of Heterogeneity across Outcomes 

Duration of Surgery: I  = 75%: High heterogeneity, indicating significant variability among studies. Q = 12.5, p 
= 0.002, statistically significant heterogeneity. 
Pain Score: I  = 45%: Moderate heterogeneity. Q = 8.3, p = 0.041, suggests some variability across studies. 
Infection Rate: I  = 20%: Low heterogeneity, indicating consistency among studies. Q = 4.2, p = 0.125, non-
significant heterogeneity. 
Return to Work: I  = 50%: Moderate heterogeneity. Q = 9.8, p = 0.032, statistically significant heterogeneity 
(figure 7). 

All included 9 studies were Randomized Controlled Trials, ensuring methodological quality and robustness 
but still variability existed in studies patient populations, surgical settings, and methods of outcome 
measurements that might affect the generalizability of the pooled results. 

Figure 8: Forest Plot of Assessment of Heterogeneity across Outcomes 
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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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OIHR: Open Inguinal Hernia Repair
OR: Odds Ratio
TEP: Total Extraperitoneal
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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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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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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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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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