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IMPORTANCE Chronic postoperative pain and recurrence are relevant complications after
inguinal hernia repair. Biological meshes have been proposed as a resorbable alternative to
synthetic implants that may reduce postoperative pain.

OBJECTIVE To compare postoperative pain and recurrence rates between biological and
synthetic meshes in laparoendoscopic inguinal hernia repair using a self-controlled design.

DESIGN, SETTING, AND PARTICIPANTS The Biological vs Synthetic Mesh in Laparoendoscopic
Inguinal Hernia Repair (BIOLAP) trial was a multicenter, randomized, self-controlled clinical
trial conducted between August 2017 and February 2021 across 21 certified German hernia
centers. A total of 491 adult patients with primary bilateral inguinal hernias underwent
laparoendoscopic repair using 1 biological mesh and 1 synthetic mesh. Data analysis was
performed from July 2023 to June 2024.

INTERVENTION Patients were randomized to receive a biological or synthetic mesh on the
right side; the contralateral side received the alternate material. All patients underwent
standardized laparoendoscopic repair (transabdominal preperitoneal plasty or total
extraperitoneal plasty), and both patients and assessors were blinded to mesh assignment.

MAIN OUTCOMES AND MEASURES The coprimary outcomes were pain intensity at 6 months
(measured using the visual analog scale) and hernia recurrence at 2 years. Secondary
outcomes included seroma, hematoma, surgical site infection, and patient satisfaction.

RESULTS Among 491 patients (mean [SD] age, 58.5 [14.1] years; 457 [93.1%] male), there was
no significant difference in pain at 6 months between biological and synthetic meshes (mean
[SD] visual analog scale score at rest, 0.3 [0.9] for both; P = .76). However, the 2-year
recurrence rate was significantly higher for biological meshes (53 recurrences [11.2%])
compared with synthetic meshes (12 recurrences [2.5%]) (P < .001). Seroma rates were also
significantly higher with biological meshes than with synthetic meshes (164 patients [33.4%]
vs 106 patients [21.6%], respectively; P < .001).

CONCLUSIONS AND RELEVANCE Biological meshes did not reduce postoperative pain but were
associated with significantly higher recurrence and seroma rates compared with synthetic
meshes. These findings do not support the routine use of biological meshes in
laparoendoscopic inguinal hernia repair.

TRIAL REGISTRATION German Clinical Trials Register Identifier: DRKS00010178
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I nguinal hernia repair is one of the most common opera-
tions globally.1,2 Up to 30% of patients who present for sur-
gical treatment have bilateral inguinal hernias.3,4 Laparo-

endoscopic mesh implanting procedures result in less
postoperative pain and wound infections compared with open
surgical techniques and are recommended especially for bi-
lateral repairs in adults.5 Transabdominal preperitoneal plasty
(TAPP) and total extraperitoneal plasty (TEP) with synthetic
mesh implantation are the established standard procedures for
laparoendoscopic inguinal hernia repair and equivalent in
terms of recurrence rate and postoperative pain.6 However, a
recurrence rate of 1% to 10% is a persisting clinical problem,7

as is chronic inguinal pain with a frequency of 11% to 54%.8

Both complications are influenced by the implant used.9-11

Biological meshes are collagenous xenogeneic matrices that
were developed as a resorbable implant alternative and are sup-
posed to induce stabilizing tissue remodeling via cell invasion
and collagen deposition without a lifelong remaining foreign
body.11 Until the start of the BIOLAP trial, there were no reason-
ably sized randomized clinical trials that directly compared
biological vs synthetic meshes.12,13

In bilateral-occurring diseases, a self-controlled study de-
sign is possible in which each participant receives 2 alterna-
tive treatments simultaneously and thereby functions as an in-
trinsic control.14,15 As most confounding factors thus influence
both study arms equally, an ideal comparison of outcomes, in-
cluding subjective factors like pain or patient satisfaction, be-
tween 2 therapeutic options is possible.

The Biological vs Synthetic Mesh in Laparoendoscopic
Inguinal Hernia Repair (BIOLAP) randomized clinical trial
aimed to compare biological vs synthetic mesh implants in
laparoendoscopic inguinal hernia repair. We hypothesized
that resorbable biological meshes reduce postoperative pain
(superiority) without increasing the recurrence rate (nonin-
feriority).

Methods
Study Design
This randomized, self-controlled clinical trial was conducted
in 21 German surgery departments with a special focus on her-
nia surgery, which guarantees a high number of patients and
ensures surgical quality. Ethical approval from the lead Ethi-
cal Committee of Witten/Herdecke University was granted on
July 4, 2017, with additional approval from participating cen-
ters. The trial protocol (available in Supplement 1) was pub-
lished in January 2019.16 The statistical analysis plan is avail-
able in Supplement 2. A list of the study investigators and
sites appears in the eAppendix in Supplement 3. The study fol-
lowed the Consolidated Standards of Reporting Trials
(CONSORT) reporting guidelines for randomized clinical trials.17

Data analysis was performed from July 2023 to June 2024.

Participants
Adult patients with primary bilateral inguinal hernias were
screened by local investigators. All study participants pro-
vided written informed consent before randomization. Exclu-

sion criteria were essentially limited to recurrent hernias, in-
carcerated hernias, and acute systemic infection.16

Randomization
Each patient received a biological implant on one side and a
synthetic mesh on the other. Randomization of the right side
(biologic or synthetic mesh) was performed up to 72 hours be-
fore surgery. Each patient received the other mesh on the left
side. Randomization was stratified by center and performed
as block randomization with varying block sizes. Both pa-
tients and clinicians were blinded regarding the location of each
mesh type, except for the operating surgeon. Unblinding was
only permitted in case of recurrence.

Procedures
Enrolled patients underwent routine laparoendoscopic bilat-
eral hernia surgery according to the guidelines of the Interna-
tional Endohernia Society, except for the implant materials.
Both mesh materials were implanted simultaneously using the
same technique (TEP or TAPP). As the study was conducted
independently of mesh manufacturers, participating centers
were permitted to use their standard meshes within the given
criteria.16 These were defined as a perforated, non–cross-
linked, acellular, collagenous matrix for the biological mesh
and large-pored, lightweight synthetic meshes made of poly-
propylene, polyester, or polyvinylidene fluoride.

During each follow-up visit (discharge and 1 week, 6
months, 1 year, and 2 years postoperatively), pain, recur-
rence, complications, and patient satisfaction were assessed
separately for each side. Pain was measured with the visual
analog scale (VAS; scores ranged from 0-10), and recurrence
was confirmed through clinical examination and imaging (ul-
trasonography, computed tomography, or magnetic reso-
nance imaging). Follow-up visits were performed by physi-
cians of the study team other than the operating surgeon. All
data were collected prospectively by study team members of
the participating centers and confirmed by independent on-
site monitor visits.

Outcomes
Local pain after 6 months and recurrence within 2 years were
defined as primary end points. Complications and patient sat-

Key Points
Question Does the use of resorbable biological meshes reduce
postoperative pain without increasing recurrence rates in
laparoendoscopic inguinal hernia repair?

Findings In this multicenter, randomized, self-controlled clinical
trial of 491 patients with bilateral inguinal hernias, biological mesh
implants did not reduce postoperative pain compared with
synthetic meshes. However, biological meshes were associated
with a significantly higher recurrence rate (11.2% vs 2.5%) and
increased seroma formation.

Meaning The use of biological mesh in laparoendoscopic inguinal
hernia repair did not confer a benefit in pain reduction and
resulted in inferior outcomes regarding hernia recurrence;
therefore, synthetic mesh should remain the standard of care.
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isfaction were recorded as secondary end points at every fol-
low-up visit.

Statistical Analysis
Since 2 primary end points were considered, the P value was
adjusted according to Bonferroni (P < .025 for statistical sig-
nificance). Pain intensity at 6 months was expected to differ
by at least 0.5 point (0-10 scale; SD, 1.0 point; Wilcoxon signed
rank test; 2-sided α = .025; power, 90%). The recurrence rate
was tested for noninferiority with a maximum tolerable dif-
ference of +3%. The sample size was calculated separately for
each primary end point (131 patients for pain and 451 for re-
currence), and the larger sample size was used for the study.
Assuming a 10% loss to follow-up, a total of 496 randomized
patients were required.16 SPSS version 29.0 statistical soft-
ware (IBM) was used.

The study population comprised all randomized partici-
pants who received both implant types. All end points were
analyzed according to intention to treat (ITT). The unit of analy-
sis was the hernia, not the patient. In cases of unilateral re-
currence, the contralateral side remained for further follow-
up. In the absence of follow-up data, or a prior recurrence, pain
data were imputed according to the last-observation-carried-
forward method, but only up to 6 months postoperatively. The
evaluation of recurrence required a minimum observation pe-
riod of 6 months. The difference in recurrence rates was ex-
pressed as the 95% CI.

Results
In this study, 525 patients were enrolled between August 2017
and February 2021, while 34 patients were excluded from

analysis after randomization because surgery was not per-
formed (Figure 1). In 5 cases, the surgeon implanted the mesh
material contrary to randomization, reversing the left and right
side. Since these patients still received both materials, they re-
mained in the ITT population, with the randomized side as-
signments maintained.

Patient and Hernia Characteristics
A total of 491 patients aged between 19 and 91 years were in-
cluded (mean [SD] age, 58.5 [14.1] years), with 457 (93.1%) being
male. The physical status ranged from an American Society of
Anesthesiologists classification of I to III. The most common
preexisting conditions were diabetes (n = 35), history of myo-
cardial infarction (n = 15), chronic pain (n = 11), tumor dis-
eases (n = 7), and kidney insufficiency (n = 9). A total of 149
patients (30.3%) had prior abdominal surgery, including ap-
pendectomy, cholecystectomy, or prostatectomy (Table 1). Due
to the self-controlled study design, each patient contributed
data to both study arms. All subtypes of the European Hernia
Society’s primary inguinal hernia classification18 were in-
cluded in the trial (eTable 1 in Supplement 3). Of the 982 her-
nias, 504 (51.3%) were solely of indirect anatomy, with L2 being
the most common configuration (275 hernias [28.0%]). A total
of 234 (23.8%) were combined hernias.

Perioperative Data
Among the 491 patients overall, 339 patients (69.0%) re-
ceived the TAPP technique and 152 patients (31.0%) received
TEP repair. In 95 cases (19.3%), simultaneous procedures, such
as umbilical hernia repair, repair of other hernias, or vasec-
tomy, were performed. Intraoperative adhesiolysis was nec-
essary for 115 patients (23.4%), 2 of whom also required pro-
phylactic serosa suturing. Intraoperative complications were

Figure 1. CONSORT Flow Diagram of the Biological vs Synthetic Mesh in Laparoendoscopic
Inguinal Hernia Repair (BIOLAP) Randomized Clinical Trial

900 Patients assessed for eligibility 

375 Excluded
286 Declined to participate
79 Other reasons
10 Did not meet inclusion criteria

525 Randomized 

261 Randomized to biological mesh on right side

6 Other reasons

243 Received allocated intervention
18 Did not receive allocated intervention

11 Did not meet inclusion criteria

1 Withdrew consent

243 Analyzed for primary outcome of pain
229 Analyzed for primary outcome of recurrence

7 Excluded from analysis

7  Lost to follow-up for primary outcome
7 Noncompliance 

248 Analyzed for primary outcome of pain
224 Analyzed for primary outcome of recurrence

12 Excluded from analysis 

264 Randomized to biological mesh on left side

6 Other reasons

248 Received allocated intervention
16 Did not receive allocated intervention

8 Did not meet inclusion criteria

2 Withdrew consent

12  Lost to follow-up for primary outcome
11 Noncompliance 
1 Death
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reported for 23 patients (4.7%), most commonly mild bleed-
ing. The median (IQR) operation time was 75 (62-93) min-
utes, including simultaneous procedures. The longest opera-
tion lasted 261 minutes, and the surgeon reported problems
with biological mesh fixation. The shortest operation time for
bilateral hernia repair was 32 minutes (Table 1).

The median (IQR) time to discharge was 2 (1-2) days. Five pa-
tients underwent outpatient surgery, while 8 patients were dis-
charged after more than 6 days. All hospital stays longer than 2
days were associated with 1 or more complications. Complica-
tions prior to discharge were reported for 55 patients (11.2%),
most commonly hematomas and seromas of the groin (Table 1;
eTable 2 in Supplement 3). Five patients required revision
surgery: 2 for exploratory laparoscopy without further interven-
tion and 3 for hematoma evacuation.

Mesh Material and Fixation
Three different biological implants and 9 different synthetic
meshes were used across the participating centers (eTable 3
in Supplement 3). Mesh fixation was conducted in 47.5% of her-
nia repairs, in most cases with fibrin glue (87.8%).

Primary Outcomes
This study examined 2 primary end points in parallel: pain in-
tensity at 6 months and recurrence rate at 2 years.

Six months after surgery, there were no significant differ-
ences in pain intensity between biological and synthetic mesh
augmentations. The mean (SD) VAS pain score at rest was 0.3
(0.9) for both materials (P = .76) and was 0.7 (1.6) for biologi-
cal meshes under strain compared with 0.8 (1.6) for synthetic
meshes under strain (P = .08). The median (IQR) VAS pain score
at rest was 0 (0-0) for both materials. Under strain, the me-
dian (IQR) VAS pain score remained 0 (0-0) for biological mesh
and was 0 (0-1) for synthetic mesh (Table 2 and Figure 2).

At least 1 follow-up examination after 6, 12, or 24 months
was required to evaluate for recurrence. Patients without a fol-
low-up examination were excluded from the analysis. Five pa-
tients had no follow-up after discharge, a further 14 patients
had their latest follow-up examination 1 week after surgery.
Excluding these 19 cases, 472 patients remained for analysis.

Among the 472 patients, 63 (13.3%) were diagnosed with
a recurrence, including 2 with bilateral recurrences. Of the 65
recurrences, 53 (11.2%) occurred on the side with a biological
mesh and 12 (2.5%) on the side with a synthetic mesh (P < .001)
(Table 2 and Figure 2). The difference of 8.7% (95% CI, 5.5%-
11.9%) exceeded the predefined difference of 3% for equiva-
lence. Thus, significantly more recurrences occurred follow-
ing biological mesh implantation.

In the 5 cases where the mesh material was not implanted
as randomized, 1 patient had a recurrence on the side that re-
ceived synthetic mesh repair, contrary to randomization. Ac-
cording to the ITT analysis, this recurrence was assigned to the
biological mesh group. An as-treated evaluation would have
only a marginal effect on the difference, with recurrence rates
of 11.0% for the biological mesh group and 2.8% for the syn-
thetic mesh group.

Intensity of Pain at Different Time Points
At screening, pain intensity was similar in both groups (Figure 2
and Table 2). At discharge, patients reported the most severe
pain in comparison with the other study visits: there were no
significant differences between the mesh materials, with a
mean (SD) VAS score of 2.4 (2.0) for biological mesh under
strain vs 2.3 (1.9) for synthetic mesh under strain. One week

Table 1. Patient Characteristics, Operative Details, and Complications

Characteristic Patients, No. (%) (n = 491)
Age, y

Mean (SD) 58.5 (14.1)

Median (IQR) [range] 58.6 (50.5-68.6) [19-91]

Sex

Female 34 (6.9)

Male 457 (93.1)

BMI, mean (SD) 25.8 (3.4)a

ASA classification

I 161 (32.8)

II 272 (55.4)

III 58 (11.8)

Previous abdominal surgery

Appendectomy 89 (18.1)

Cholecystectomy 27 (5.5)

Prostatectomy 5 (1.0)

Spinal surgery 13 (2.6)

Other 29 (5.9)

Operative time, median (IQR), min 75 (62-93)

Operative technique

TAPP 339 (69.0)

TEP 152 (31.0)

Length of hospital stay, median (IQR), d 2.0 (1-2)

Simultaneous procedure 95 (19.3)

Umbilical hernia repair 80 (16.3)

Repair of other hernias 4 (0.8)

Vasectomy 4 (0.8)

Appendectomy 1 (0.2)

Other 7 (1.4)

Intraoperative complication 21 (4.3)

Bleeding 14 (2.9)

Mild 13 (2.7)

Moderate 1 (0.2)

Peritoneal tear 4 (0.8)

Visceral injury 2 (0.4)

Bladder 1 (0.2)

Bowel 1 (0.2)

Difficult mesh fixation 2 (0.4)

Postoperative complication prior to discharge 55 (11.2)

Hematoma 23 (4.7)

Seroma 17 (3.5)

Systemic infection 1 (0.2)

Bowel paralysis 1 (0.2)

Other 18 (3.7)

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass
index (calculated as weight in kilograms divided by height in meters squared);
TAPP, transabdominal preperitoneal plasty; TEP, total extraperitoneal plasty.
a Data missing from 1 patient (n = 490).
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Figure 2. Pain and Recurrence as Primary Outcomes Following Implantation of Biological vs Synthetic Meshes
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the study. B, Cumulative number of recurrences. The 2-year recurrence rate was a primary outcome of the study.

Table 2. Primary and Secondary Outcomesa

Outcome Patients, No. Biological mesh Synthetic mesh P value
Primary

Accumulated recurrence rate at 24 mo, No. (%) 472 53 (11.2) 12 (2.5) <.001

Pain VAS score at 6 mo, mean (SD)

At rest 491 0.3 (0.9) 0.3 (0.9) .76

Under strain 491 0.7 (1.6) 0.8 (1.6) .08

Secondary

Accumulated recurrence rate, No. (%)

6 mo 472 20 (4.2) 6 (1.3) .02

12 mo 472 38 (8.1) 10 (2.1) <.001

Pain VAS score, mean (SD)

At rest

Screening 487 0.7 (1.5) 0.8 (1.6) .56

Discharge 489 1.0 (1.4) 1.0 (1.3) .12

1 wk 489 0.8 (1.3) 0.6 (1.2) .001

12 mo Biological mesh, 425;
synthetic mesh, 442

0.2 (0.7) 0.1 (0.5) .04

24 mo Biological mesh, 382;
synthetic mesh, 409

0.1 (0.6) 0.1 (0.4) .31

Under strain

Screening 487 2.0 (2.4) 2.2 (2.5) .20

Discharge 489 2.4 (2.0) 2.3 (1.9) .09

1 wk 489 2.1 (2.1) 1.7 (1.9) <.001

12 mo Biological mesh, 425;
synthetic mesh, 442

0.5 (1.4) 0.5 (1.2) .54

24 mo Biological mesh, 382;
synthetic mesh, 409

0.3 (1.1) 0.3 (1.0) .82

Seroma

Discharge, No. 491 27 24 NA

1 wk, No. 491 155 95 NA

6 mo, No. 491 13 8 NA

Diagnosed at least once, No. (%) 491 164 (33.4) 106 (21.6) <.001

Hematoma

Discharge, No. 491 18 11 NA

1 wk, No. 491 60 50 NA

6 mo, No. 491 6 6 NA

Diagnosed at least once, No. (%) 491 72 (14.7) 59 (12.0) .16

Abbreviations: NA, not applicable;
VAS, visual analog scale.
a Complete follow-up data are

available for 472 patients at the
primary end points. For 19 patients,
follow-up after discharge was
incomplete and the
last-observation-carried-forward
principle was applied for pain
intensity 6 months after surgery.
Patients with a recurrence were
excluded from further pain analysis
after diagnosis of recurrence. Loss
to follow-up 12 and 24 months after
surgery was not completed by the
last-observation-carried-forward
principle.
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after surgery, there were significant differences in both pain
at rest (mean [SD] VAS score, 0.8 [1.3] with biological mesh vs
0.6 [1.2] with synthetic mesh; P = .001) and under strain (mean
[SD] VAS score, 2.1 [2.1] with biological mesh vs 1.7 [1.9] with
synthetic mesh; P < .001), with the biological implants asso-
ciated with more pain than the synthetic meshes.

Recurrence at 1 Year
Twelve months after surgery, 38 recurrences (8.1%) were
reported for the biological mesh group compared with 10 (2.1%)
in the synthetic mesh group (P < .001) (Figure 2 and Table 2).
Again, the 3% difference, which is considered clinically
comparable, falls outside the 95% CI.

Predictors for Recurrence
Multivariate analysis revealed 2 significant factors associ-
ated with the development of recurrence: the use of biologi-
cal mesh material and treatment at a low-volume center, de-
fined as fewer than 50 patients included in the trial. Older
patient age and larger hernia size had only minimal effects
(Table 3). Mesh fixation, sex, laparoendoscopic technique, and
the presence of hematoma did not influence the develop-
ment of recurrence.

In both the biological mesh group and the synthetic mesh
group, patients with recurrence were older than those with-
out recurrence (biological mesh group: mean [SD] age, 61.6
[10.8] vs 57.6 [14.1] years, respectively; synthetic mesh group:
mean [SD] age, 60.1 [15.7] vs 58.0 [14.0] years, respectively)
(eTable 4 in Supplement 3). Biological meshes from 3 different
manufacturers were used. Recurrences were reported for all 3
biological meshes, without significant differences between
the manufacturers.

Incidence of Seromas and Hematomas
Within the first 6 months after surgery, 322 seromas were re-
ported cumulatively across the 3 follow-up visits. Most sero-
mas (n = 250) were observed 1 week after surgery, and no sero-
mas were reported later than 6 months. Some seromas were

documented multiple times during the 3 follow-up visits. In 164
patients (33.4%), 1 seroma had been observed at least once on
the side with biological mesh implantation, compared with 106
patients (21.6%) after synthetic mesh augmentation. The differ-
ence between the 2 materials was statistically significant
(P < .001).

A hematoma was diagnosed at least once in 72 patients
(14.7%) in the biological mesh group vs 59 (12.0%) in the syn-
thetic mesh group. This difference was not statistically sig-
nificant (P = .16) (eTable 5 in Supplement 3).

Surgical Site Infections
Until discharge, 1 patient developed systemic infection. One
week after surgery, a urinary tract infection was reported for
1 patient, and a local infection at the former trocar incision site
was reported for 2 patients. After 6 months, another trocar in-
cision site infection and 1 inguinal surgical site infection oc-
curred. No infections were reported beyond 6 months.

Patient Satisfaction
At each postoperative visit, patients were asked separately
about both sides whether they experienced paresthesia or for-
eign-body sensation and whether they were more satisfied with
one side than the other. Postoperative paresthesia was re-
ported in less than 5% of the repairs, with no significant dif-
ferences between mesh materials at any time (eTable 6 in
Supplement 3). Only at 1 week postoperatively, but not at any
other study visits, foreign-body sensation was significantly
more common with biological implants (49 patients [10.4%])
compared with synthetic meshes (30 patients [6.3%]) (P = .03)
(eTable 7 in Supplement 3).

Patient satisfaction did not differ significantly between mesh
materials, except at 1 week postoperatively, when 150 patients
(31.7%) preferred synthetic mesh vs 90 patients (19.0%) prefer-
ring biological mesh (P < .001) (eTable 8 in Supplement 3).

Discussion
To our knowledge, the BIOLAP randomized clinical trial is the
first hernia trial with a self-controlled design. This minimizes
selection bias as it allows the inclusion of a broad study popu-
lation, which is confirmed by the close similarity to the pa-
tients’ cohort with bilateral hernias in the German hernia
registry.3,19 External confounding factors, such as surgical tech-
nique and surgeon experience, as well as internal factors, like
preexisting conditions, affect both study arms equally and
hence do not influence the results. The design allows for an
ideal comparison of subjective ratings, like pain or prefer-
ence. With the exception of the 2 mesh dislocations, the
typical complications of laparoendoscopic hernia surgery
occurred.3,19 The median length of hospital stay of 2 nights is
identical to the published data from the German hernia reg-
ister Herniamed19 and most likely is a result of financial in-
centives by the reimbursement system in Germany at that time.
It can therefore be stated that the patient population of this
study reflects real-life conditions and that results are trans-
ferable to clinical application.

Table 3. Multivariate Analysis for Recurrencea

Variable OR (95% CI) P value
Age ≥60 y 1.51 (0.87-2.61) .14

Female 0.86 (0.29-2.56) .78

Lateral 0.66 (0.39-1.12) .12

Biological mesh 4.53 (2.42-8.49) <.001

Fixation 1.12 (0.66-1.90) .67

TAPP 0.89 (0.51-1.58) .70

High-volume center 0.48 (0.28-0.84) .01

Seroma 1.58 (0.90-2.78) .11

Hematoma 0.998 (0.49-2.05) >.99

Size of hernia

Grade 2 1.21 (0.59-2.49) .60

Grade 3 1.71 (0.75-3.88) .20

Abbreviations: OR, odds ratio; TAPP, transabdominal preperitoneal plasty.
a Patients with follow-up at least 6 months after surgery were included in the

multivariate analysis. Both patient factors (eg, age) and hernia factors (eg, size,
seroma) were considered as possible predictors for the development of a
recurrence.
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The idea of a resorbable, yet stabilizing biological im-
plant alternative to standard hernia mesh material is promis-
ing. Because of the absence of a lifelong remaining synthetic
mass, chronic inguinal pain was expected to decrease. Pri-
mary as well as secondary end points showed that biological
mesh implantation did not reduce postoperative pain, with
both mesh materials yielding comparably low VAS scores 6
months postoperatively. The significantly increased seroma
rate, pain intensity, and foreign-body sensation as well as re-
duced patient satisfaction 1 week after surgery in the biologi-
cal mesh arm needs to be further investigated and could be an
indicator for an increased transient inflammatory response in
the postoperative period that resolves later.20

The more than 4-fold higher recurrence rate observed with
resorbable biological implants clearly demonstrates the infe-
riority of this material in terms of stability. After just 1 year, treat-
ment with biological meshes was significantly inferior to repair
with permanent synthetic meshes. If tissue remodeling is in-
deed a valid phenomenon, it appears to be inferior to mechani-
cal wall reinforcement provided by a remaining stabilizing
implant—whether in terms of a less effective mechanism of ac-
tion, shorter duration of effect, or both. There was no evidence
for a stronger influence of patient age on recurrences after
biological mesh repair compared with synthetic mesh repair.
If there is a lasting cell invasion–based stabilizing mechanism,
it appears age independent. Because of the small number of
recurrences following the use of synthetic mesh, this study is
not powered to evaluate and compare other predictors for
hernia recurrence between both mesh materials.

Our data provide no evidence that biological mesh is a pref-
erable treatment for any patient subgroup who is also eligible
for a permanent implant. Furthermore, the data show that the
choice of implant material was such a significant predictor of
recurrence that it outweighed all other technical and indi-
vidual influences. The experience of the treating institution
appears to be the only other important factor for recurrence
development in our data. Surgery in a high-volume center is
associated with fewer recurrences, reflecting the expertise of
not only the surgeon but the whole medical and nursing team.
This has also been shown in previous studies.21

Our study results are inconsistent with those of a recently
published randomized clinical trial by Xue et al22 about biolog-
ics and lightweight synthetic meshes for laparoscopic inguinal
hernia repair that reported comparable effectiveness and fewer
postoperative complications for the biological mesh. The re-
sults regarding the recurrence rate, postoperative pain inten-
sity, and frequency of seroma occurrence in previous studies

should be interpreted with caution, as these were mostly con-
ducted monocentrically with a singular product, small num-
bers of patients, and short follow-up periods and without the
comparability provided by the self-controlled study design.12,23

Biosynthetic meshes are a relatively new type of nonper-
manent implant that are absorbed more slowly (up to 36 months)
than biological meshes and are intended to combine the advan-
tages of biological and synthetic material. There is increasing
evidence that this kind of mesh may be improved in terms of re-
currencerate.24 Thisremainstobeconfirmedbyreasonablysized
randomized clinical trials, preferably with a self-controlled
design like BIOLAP.

The data show that permanent synthetic meshes were pref-
erable to current resorbable biological meshes. It remains to
be answered how much the surgical preparation contributes
to the prevention of a recurrence and whether there is any last-
ing effect from the implantation of the biological matrix.

Strengths and Limitations
To our knowledge, this is the only study in hernia surgery to
use a self-controlled design. The inclusion and exclusion cri-
teria were kept to a minimum, allowing for the inclusion of
a broad patient population that reflects real-world clinical
conditions.

Several limitations should be noted. First, even though the
participating centers were allowed to use products of their
choice within the given criteria, only 3 different biological
meshes by 3 manufactures were used. This was likely due to
the significantly higher costs associated with other available
products. Second, although the study was conducted across
multiple centers, recruitment rates varied significantly—3 cen-
ters had high recruitment, while several others had very low
participation. This imbalance limits the comparability be-
tween centers. Third, the study included only patients with bi-
lateral hernias, who may have had different collagen metabo-
lism and other influencing factors compared with individuals
with unilateral hernias.

Conclusions
This study found that biological mesh implantation in lapa-
roendoscopic inguinal hernia repair did not reduce postop-
erative pain but significantly increased the risk for hernia
recurrence and seroma compared with standard synthetic
meshes. These findings do not support the routine use of bio-
logical meshes in laparoendoscopic inguinal hernia repair.
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