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Abstract
The present study systematically evaluated the clinical effects of mesh-plug and Lichtenstein herniorrhaphy in the treatment 
of primary inguinal hernia. PubMed, Embase, and the Cochrane Library (cut-off: May 25, 2020) databases were searched 
to select randomized controlled trials (RCTs) on mesh-plug and Lichtenstein herniorrhaphy for the treatment of primary 
inguinal hernia. Articles that met the inclusion criteria were screened and evaluated for quality. RevMan 5.3 software was 
used to perform a meta-analysis of operation time, discomfort in the inguinal region, haematoma, seroma, infection, time 
to return to normal activities, incidence of postoperative chronic pain, and recurrence rate. Eleven RCTs with 1457 patients 
in the mesh-plug group and 1472 in the Lichtenstein group were included. Meta-analysis showed that the mesh-plug herni-
orrhaphy group had a shorter operation time than the Lichtenstein herniorrhaphy group [P < 0.0001] but a longer time to 
return to normal activities after surgery [MD = 1.48, 95% CI (0.58, 2.38), P = 0.001]. There were no significant differences 
in postoperative discomfort in the inguinal region [P = 0.90], seroma [P = 0.10], haematoma [P = 0.27], infection [P = 0.40], 
incidence of postoperative chronic pain [P = 0.90], or recurrence rate [P = 0.77] between groups. Mesh-plug herniorrhaphy 
requires a shorter operation time than Lichtenstein herniorrhaphy, and there is no significant difference in postoperative 
complications or recurrence rate between the two methods. Clinical trial registration: INPLASY202070088. Meta-analysis 
of mesh -plug repair and Lichtenstein repair in the treatment of primary inguinal hernia
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Introduction

Inguinal hernia refers to an abdominal hernia that occurs in 
the inguinal region, i.e., a hernia sac protruding to the body 
surface in the inguinal region into which the intraperitoneal 
organs or tissues enter as a result of congenital or acquired 
abdominal wall defects [1]. This hernia is a common condi-
tion encountered in general surgery. Once an inguinal hernia 

forms in adults, there is no possibility of spontaneous heal-
ing, and surgery is currently the only treatment method [2]. 
Hernia repair surgery is divided into two types: traditional 
and tension-free repair. Tension-free herniorrhaphy, by vir-
tue of its low postoperative complication and recurrence 
rates, and shortened postoperative recovery, has become 
the preferred method of herniorrhaphy [3, 4]. Tension-free 
hernia repair is further divided into two surgical methods 
based on the different surgical approaches: the laparoscopic 
posterior approach and the open anterior approach [5]. 
With the popularization of laparoscopic techniques, lapa-
roscopic tension-free herniorrhaphy is increasingly widely 
used, but the high risk and high cost associated with general 
anaesthesia limit its use to some extent [6]. Anterior open 
tension-free herniorrhaphy still plays an important role, 
and mesh-plug and Lichtenstein herniorrhaphy are widely 
used open tension-free herniorrhaphy approaches. Since the 
emergence of the two types of herniorrhaphy, continuous 
studies have compared them, but studies are retrospective 
case–control studies. The number of cases reported in the 
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literature is small, the observation indicators are incom-
plete, the study conclusions are not consistent, the statisti-
cal results are not wholly persuasive, and there is a lack of 
high-quality, large-scale, long-term follow-up surveys and 
systematic evaluations of these two types of herniorrhaphy. 
Some controversies on the choice of mesh-plug and Lichten-
stein herniorrhaphy remain. To further examine the clinical 
effects of these two types of herniorrhaphy, this study per-
formed a meta-analysis of the two methods.

Methods

Inclusion and exclusion criteria

Inclusion criteria

(1) The study was a randomized controlled trial; (2) the 
language was English; (3) the type of primary hernia was 
direct hernia, indirect hernia, unilateral hernia, or hernia; 
(4) the full text of the published literature was retrieved; (5) 
mesh-plug herniorrhaphy and Lichtenstein herniorrhaphy 
were used as the trial and control groups, respectively, and 
the two approaches were compared; and (6) the outcomes 
included operation time, groin discomfort, seroma, haema-
toma, infection, time to return to normal activities, incidence 
of postoperative chronic pain, recurrence rate, and at least 
one of the outcomes included in the literature.

Exclusion criteria

(1) The study was a non-randomized controlled trial; (2) 
the description of surgical methods was not detailed; (3) the 
patients had a history of lower abdominal surgery; (4) the 
study subjects suffered from severe respiratory diseases, uri-
nary or intestinal obstruction or other diseases that increase 
abdominal pressure, coagulation dysfunction, or chronic 
pain in the inguinal region or from other one or more dis-
eases affecting the operation and prognosis; (5) repeated 
studies and reviews; (6) the number of cases was lower than 
20; (7) the follow-up rate was greater than 20%; and (8) the 
full text could not be obtained.

Search strategy

PubMed, Embase, and the Cochrane Library databases were 
searched from database establishment to May 25, 2020 using 
subject headings combined with free words, and the search 
terms were inguinal hernia, Lichtenstein, flat patch, flat mesh 
plug, mesh-plug, perfix, Rutkow, and randomized controlled 
trial. The references of the identified studies were reviewed 
to obtain as many relevant studies as possible.

Literature quality assessment

Two researchers independently screened the literature accord-
ing to the inclusion and exclusion criteria, and a third party 
participated in the discussion and reached a decision when 
there were disagreements. The quality of all included studies 
was evaluated using the modified Jadad scoring criteria [7]. 
The scoring criteria included the following aspects: ① gen-
eration of a random sequence; ② allocation concealment; ③ 
blinding method; and ④ follow-up. Low-quality studies had 
scores of 1–3 points, and high-quality studies had scores of 
4–7 points. Two reviewers independently performed the evalu-
ation process, and a third party participated in the discussion 
when there was a disagreement to reach a consensus.

Data analysis

Two systematic reviewers independently extracted data on 
age, body mass index, follow-up time, and outcome (opera-
tion time, discomfort in the inguinal region, seroma, haema-
toma, infection, time to return to normal activities, postop-
erative chronic pain, recurrence) for the patients in the study, 
and any disagreements were discussed with and resolved by a 
third party. The median (range) was converted to the mean and 
standard deviation using the methods of Hozo et al. [8] After 
data extraction, RevMan 5.3 software was used for the meta-
analysis. Statistics were analysed using relative risk (RR) and 
95% confidence interval (CI) as indicators for dichotomous 
variables and mean difference (MD) and 95% confidence inter-
val (CI) for continuous variables. Literature heterogeneity was 
qualitatively assessed using the Q test and I2 test. When there 
was no significant heterogeneity among the results of each 
included study (P > 0.1, I2 < 50%), the fixed-effect model was 
used to combine and analyse the results of each study. When 
there was significant heterogeneity among the study results 
(P < 0.1, I2 > 50%), the results of the included studies were 
analysed according to the factors that may lead to heterogene-
ity. If there was no significant heterogeneity, the random effect 
model was used for pooled analysis. Otherwise, descriptive 
evaluations were performed. If the source of heterogeneity was 
still unclear, a random-effects model was used to combine the 
results of all included studies, and a sensitivity analysis was 
performed on the results to assess the stability of the results. 
P < 0.05 was considered statistically significant.

Results

Literature search results

A total of 263 articles were initially identified via search 
of each database, a manual search, and reference review. 
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Of these studies, 109 duplicate articles were excluded, 17 
reviews were excluded after reading the title and abstract, 
and 125 articles were not related to the purpose of the study. 
The remaining 12 articles were read and rescreened, and 1 
article was excluded because other surgical methods were 
used (Lichtenstein combined with mesh-plug repair was 
used in the control group). After this layer-by-layer screen-
ing was performed, 11 [9–19] articles were finally included. 
The screening process is detailed in Fig. 1. The baseline 
comparability of the included studies was "comparable". The 
following outcome measures were compared: ① operation 
time; ② discomfort in the inguinal region; ③ haematoma; ④ 
seroma; ⑤ infection; ③ time to return to normal activities; ② 
incidence of postoperative chronic pain; and ② recurrence 
rate. Table 1 shows the basic information of the studies.

Literature quality evaluation

A strict methodological quality evaluation was performed 
according to the quality evaluation criteria of the modified 
Jadad scale. The results showed that five studies [10, 12, 
15, 17, 18] were high-quality studies, including three [10, 
17, 18] studies that were scored as 7 points, one [15] study 
scored as 6 points, and one [12] study scored as 5 points. 

Six studies [9, 11, 13, 14, 16, 19] were low-quality studies, 
including two [9, 13] studies that were scored as 3 points 
and four [11, 14, 16, 19] studies scored as 2 points (Table 2).

Meta‑analysis results

Operation time

Six [9–11, 13, 14, 18] studies compared the operation time 
of mesh-plug and Lichtenstein hernia repair, and there 
was statistical heterogeneity among the studies (P < 0.1, 
I2 = 91%). Subgroup analysis based on sample size and sen-
sitivity analysis was performed by excluding the studies one 
by one, but the source of heterogeneity could not be found. 
Therefore, the random effect model was used. The results 
showed that the operation time of mesh-plug hernia repair 
was shorter than the operation time of Lichtenstein hernia 
repair [MD = − 6.13, 95% CI (− 8.94, 3.32), P < 0.0001], as 
shown in Fig. 3. After excluding the included studies one 
by one for the sensitivity analysis, the results showed that 
the combined effect values after removal did not change 
directionally, which suggests that the results of this study 
were basically stable. A subgroup analysis was performed 
according to sample size. There were heterogeneities among 

Fig. 1  Study selection
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the studies with sample sizes greater than 100 patients [9, 
10, 13, 18] (P = 0.0004, I2 = 84%). A random effect model 
was used to perform a meta-analysis for this subgroup. 
The results showed that the operation time of mesh-plug 
hernia repair was shorter than Lichtenstein hernia repair 
[MD = − 5.05, 95% CI (− 7.34, − 2.75), P < 0.0001]. The 
studies with sample sizes less than 100 patients [11, 14] 
also showed heterogeneity (P < 0.0001, I2 = 94%). A random 
effect model was used to perform a meta-analysis for this 
subgroup. The results showed that there was no statistically 
significant difference between the mesh-plug and Lichten-
stein techniques in operation time [MD = − 7.66, 95% CI 
(− 19.58, − 4.27), P = 0.21], as shown in Fig. 2.

Inguinal discomfort

Five [9, 10, 13, 14, 18] studies compared postoperative 
groin discomfort between mesh-plug and Lichtenstein her-
nia repair. There was no statistical heterogeneity among 
the studies (P = 0.66, I2 = 0%). The fixed-effect model was 
used to combine the effect size for analysis. The analysis 
showed that there was no statistically significant difference 
in postoperative groin discomfort between the two groups 
[RR = 1.01, 95% CI (0.86, 1.19), P = 0.90], as shown in 
Fig. 3.

Seroma

Four [9, 13, 16, 19] studies compared postoperative haema-
tomas between mesh-plug and Lichtenstein hernia repair. 
There was no statistical heterogeneity among the studies 
(P = 0.23, I2 = 30%). The fixed-effect model was used to 
combine the effect size for analysis. The results showed that 
there was no significant difference in the incidence of post-
operative haematoma between the two groups [RR = 1.92, 
95% CI 0.88, 4.18), P = 0.10], as shown in Fig. 4.

Haematoma

Seven [9, 10, 13–15, 17, 18] studies compared postoperative 
seroma between mesh-plug and Lichtenstein hernia repair. 
There was no statistical heterogeneity among the studies 
(P = 0.29, I2 = 18%). The fixed-effect model was used to 
combine the effect size for analysis. The analysis indicated 
that there was no significant difference in the incidence of 
postoperative seroma between the two groups [RR = 1.26, 
95% CI (0.84, 1.89), P = 0.27], as shown in Fig. 5.

Infection

Seven [9, 10, 13–17, 19] studies compared postopera-
tive infection between mesh-plug and Lichtenstein hernia 
repair. There was no statistical heterogeneity among studies Ta
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Table 2  Methodological quality 
assessment of the included 
studies

Study Randomization Allocation 
concealment

Blinding Loss to follow-up Quality score

Bringman et al. [9] Adequate Unclear No Stated 3
Dalenbäck et al. [10] Adequate Yes Yes Stated 7
Destek and Gul [11] Unclear Unclear No Not stated 2
Droeser et al. [12] Adequate Yes No Stated 5
Frey et al. [13] Adequate Unclear No Stated 3
Karaca et al. [14] Unclear Unclear No Not stated 2
Kingsnorth et al. [15] Adequate Yes Yes Not stated 6
Mayagoitia et al. [16] Unclear Unclear No Not stated 2
Nienhuijs et al. [17] Adequate Yes Yes Stated 7
Sanders et al. [18] Adequate Yes Yes Stated 7
Sucullu et al. [19] Adequate Unclear No Not stated 2

Fig. 2  Meta-analysis of operation time between the mesh-plug group and the Lichtenstein group

Fig. 3  Meta-analysis of postoperative groin discomfort between the mesh-plug group and the Lichtenstein group

Fig. 4  Meta-analysis of postoperative seroma between the mesh-plug group and the Lichtenstein group
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(P = 0.69, I2 = 0%). A fixed-effect model was used to com-
bine the effect size for analysis. The analysis indicated that 
there was no significant difference in the incidence of post-
operative infection between the two groups [RR = 0.77, 95% 
CI (0.42, 1.41), P = 0.40], as shown in Fig. 6.

Time to return to normal activities

Three [9, 14, 18] studies compared the time to return to 
normal activities after mesh-plug and Lichtenstein hernia 
repair. There was no statistical heterogeneity among the 
studies (P = 0.55, I2 = 0%). The fixed-effect model was used 
to combine the effect size for analysis. The analysis indicated 
that the mesh-plug group returned to normal activities after 
surgery more quickly than the Lichtenstein group, and the 
difference was statistically significant [MD = 1.48, 95% CI 
(0.58, 2.38), P = 0.001], as shown in Fig. 7.

Incidence of postoperative chronic pain

Five [9, 10, 13, 14, 18] studies compared the incidence of 
postoperative chronic pain between mesh-plug and Lichten-
stein hernia repair. There was no statistical heterogeneity 
among the studies (P = 0.66, I2 = 0%). The fixed-effect model 

was used to combine the effect size for analysis. The analy-
sis indicated that there was no significant difference in the 
incidence rate of postoperative chronic pain between the two 
groups [RR = 1.01, 95% CI (0.86, 1.19), P = 0.90], as shown 
in Fig. 8.

Recurrence rate

Nine [9–14, 16–18] studies compared the postoperative 
incidence of hernia after mesh-plug and Lichtenstein repair. 
There was no statistical heterogeneity among the stud-
ies (P = 0.78, I2 = 0%). The fixed-effect model was used to 
combine the effect size for analysis. The analysis showed 
that there was no significant difference in the postoperative 
recurrence rate between the two groups [RR = 1.07, 95% CI 
(0.69, 1.65), P = 0.77], as shown in Fig. 9.

Publication bias analysis

Publication bias analysis was performed for postoperative 
hernia recurrence among the studies included in the meta-
analysis. The hernia recurrence data reported in the literature 
were plotted as a funnel plot. The results were symmetrically 
distributed, which suggests that the publication bias of the 

Fig. 5  Meta-analysis of postoperative haematoma between the mesh-plug group and the Lichtenstein group

Fig. 6  Meta-analysis of postoperative infection between the mesh-plug group and Lichtenstein group
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included articles was small, and the results were relatively 
stable, as shown in Fig. 10.

Discussion

Lichtenstein first applied mesh for hernia repair in 1986 
and ushered in an era of tension-free hernia repair [20]. 
Lichtenstein hernia repair still plays an important role in 
clinical practice. Later, Rutkow and Robbins [21] modified 

the Lichtenstein herniorrhaphy method and proposed mesh-
plug herniorrhaphy. Both of these herniorrhaphy techniques 
are simple and easy to learn, and they are associated with 
mild pain, a low recurrence rate and few complications and 
are widely used worldwide [22]. The present paper system-
atically evaluated the effects of these two tension-free herni-
orrhaphy methods to further guide their use in the clinic.

The results of this systematic review showed that mesh-
plug herniorrhaphy was a simpler operation that did not 
require excessive sutures or fixation, and had a shorter 

Fig. 7  Meta-analysis of the time to return to normal activities between the mesh-plug group and the Lichtenstein group

Fig. 8  Meta-analysis of the incidence of postoperative chronic pain between the mesh-plug group and the Lichtenstein group

Fig. 9  Meta-analysis of postoperative recurrence rate between the mesh-plug group and the Lichtenstein group
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operation time than Lichtenstein herniorrhaphy. However, 
the time to return to normal activities after mesh-plug 
herniorrhaphy was longer than Lichtenstein herniorrhaphy. 
Karaca et al. [14, 23] noted that the time to return to normal 
activities was related to surgical technique and social eco-
nomics. Patients with economic compensation had a shorter 
time to return to normal activities than patients without eco-
nomic compensation. Therefore, it was more appropriate to 
evaluate postoperative recovery time using the patient’s post-
operative walking and exercise capacity.

There was no significant difference between the two 
herniorrhaphy methods in terms of postoperative groin 
discomfort, seroma, haematoma, infection, incidence of 
postoperative chronic pain, or recurrence rate. Compar-
isons of infection and chronic pain between mesh-plug 
herniorrhaphy and Lichtenstein herniorrhaphy are con-
troversial, especially patch infection, which is quite dif-
ficult to manage once it occurs and generally requires re-
operation to remove the patch or repeat repair [24]. Patch 
infection is a serious complication after tension-free herni-
orrhaphy. In addition to the patient’s own inherent factors 
and the surgical procedure, the patch is also an impor-
tant factor for postoperative infection [25]. Some studies 
suggested that the surface area, weight, and shape of the 
patch affected postoperative infection, and patches with a 
large area were more likely to cause infection than patches 
with a relatively small area [26]. The application of hernia 
ring filling in mesh-plug repair improves the implanta-
tion of foreign bodies and the coaptation of the cavity tis-
sue left during sutures. The mesh plug itself also easily 
forms a biologically ineffective cavity that easily causes 
effusion and provides conditions for bacterial growth and 

reproduction, which theoretically increases the probability 
of seroma, haematoma and infection. Although this study 
compared and analysed postoperative infections in the two 
groups, most studies did not indicate whether the source 
of the infection was the patch. Further clinical trials are 
required to verify this hypothesis in the future. Inguinal 
discomfort and chronic pain are important complications 
after herniorrhaphy and occur with high incidences. They 
can migrate for several years and affect the quality of life 
of patients in severe cases. Nerve injury caused by surgical 
operation, postoperative seroma, haematoma and compres-
sion by the patch may lead to the occurrence of chronic 
pain and discomfort [27]. This meta-analysis showed that 
there was no significant difference in chronic pain or dis-
comfort between Lichtenstein and mesh-plug procedures 
in the inguinal region. The existing surgical methods for 
the treatment of inguinal hernia still leave a possibility 
of recurrence [28]. Compared with Lichtenstein hernior-
rhaphy using mesh to strengthen the posterior wall of the 
inguinal canal alone, mesh-plug herniorrhaphy combines 
the mesh plug and a flat sheet to strengthen the posterior 
wall of the inguinal canal and fill the hernia ring with coni-
cal filling material, which may make the internal ring dis-
appear, enhance the internal ring of weak defects, disperse 
the abdominal pressure, and better reduce the recurrence 
rate. Although the results of this systematic review showed 
that there was no significant difference in recurrence rate 
after the two types of herniorrhaphy, the number of cases 
of hernia recurrence reported in the included studies was 
small. The follow-up time of various studies was inconsist-
ent and short, and the occurrence time of hernia recurrence 
after surgery was generally late. All of these factors could 

Fig. 10  Funnel plot of hernia 
recurrence rate
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affect the accuracy of the analysis results. Clinical trials 
with larger samples and longer follow-up times are needed.

The present study has the following limitations: (1) Most 
of the included studies came from surgical centres in dif-
ferent regions, and the patients were operated on by differ-
ent surgeons, which may produce a certain shift. (2) The 
follow-up times of various outcome indicators were different 
between studies or unclear. These outcomes must be clearer, 
and longer follow-up durations are needed. (3) The materials 
of the patches used in each study were different or unclear. 
(4) The results in some studies were not expressed in the 
form of a mean ± standard deviation, and the approximation 
of the mean and standard deviation was calculated based on 
the median. Therefore, the results may have a certain amount 
of errors. (5) Some of the included studies ignored blind 
method and lost follow-up, which were of low quality. These 
factors may impact the study results. In addition to the above 
limitations, since only one study compared the costs of the 
two surgical methods, this manuscript does not systemati-
cally evaluate the costs of the two surgical methods, more 
high-quality studies are needed to compare the cost in the 
future. However, this study included a large number of sam-
ples, and all of the studies were RCTs with comprehensive 
observation indicators. The results of this meta-analysis have 
certain scientific merit and representativeness.

Conclusion

In conclusion, there was no difference in postoperative com-
plications or recurrence rates between mesh-plug hernior-
rhaphy and Lichtenstein herniorrhaphy, and mesh-plug 
herniorrhaphy required a shorter operation time but a longer 
postoperative recovery time.
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