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Abstract
Purpose Onflex™ mesh has replaced Polysoft™ patch on the market, without being clinically evaluated thus far in the
transinguinal preperitoneal (TIPP) technique.
Methods All consecutive TIPP registered in our registry during the overlap period of availability of both meshes were included
and studied with the chronic postoperative inguinal pain (CPIP) as primary endpoint, assessed with a verbal rating scale (VRS),
and included in a patient-related outcome measurement (PROM) phone questionnaire.
Results A total of 181 Onflex cases vs 182 Polysoft cases were studied with a 2-year follow-up rate of 92% vs 88%. The overall
rate of pain or discomfort was not statistically different in the 2 studied subgroups (16.5% vs 17.6%; p = 0.71), while moderate or
severe pain were significantly more frequent in the Polysoft subgroup (5.5% vs 11.6%; p = 0.01). These symptoms did not
interfere with the patient daily life in 16% vs 16.5% of cases, and they were self-assessed as more bothersome than the hernia in
only 0.5% vs 0.5% of cases, suggesting an overestimation of the pain by the VRS. Patients assessed the result of their hernia
repair as excellent or good in 97.8% vs 96.7% and medium or bad in 2.2% vs 3.3% (p = 0.53). The cumulative recurrence rate
was 0% vs 2.2%. Two reoperations (one for early and one for late recurrence) were reported in the Polysoft subgroup (1%), none
related to the non-absorbable memory ring.
Conclusions These results suggest that TIPP with Onflex provides results at least similar than those with Polysoft.
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Introduction

Many years after the pioneers’ publications on preperitoneal
repair of inguinal hernia [1–3], minimally invasive open mesh
techniques were described, such as Ugahary [4], TREPP [5],
Kugel [6], TIPP [7], and ONSTEP [8] procedures.

The two latter techniques both use a minimally invasive ingui-
nal route but are completely different in their concept and design.

In the TIPP (transinguinal preperitoneal) technique, the
mesh, totally preperitoneal, is inserted between the peritone-
um and the parietalized [9, 10] cord elements through the
hernia defect or more often through the internal ring [11],

preserving thus the integrity of the transversalis fascia.
According to the Laplace’s law, no mesh fixation is usually
required.

In the ONSTEP (open new simpli f ied to ta l ly
extraperitoneal) technique [8], only the medial part of the
mesh is placed in the preperitoneal space, introduced in the
Retzius space through the transversalis fascia. Its lateral part is
inserted between the internal oblique muscle and the external
oblique aponeurosis [12], and the cord runs through a split
created in the mesh as in the Lichtenstein technique.

Among different meshes or patches designed for TIPP,
Surgimesh™, Rebound Shield™ mesh, Polysoft™, all three
are completed with a permanent memory ring (not woven
polypropylene hemline; not interrupted nitinol memory frame;
interrupted polypropylene ring; respectively) facilitating their
preperitoneal positioning and deployment. Polysoft patch was
the first available on themarket [13] and themost widely used,
even for the ONSTEP first cases [8].

TIPP with Polysoft was associated with good clinical re-
sults, both in observational [10, 14, 15] and randomized
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(RCT) studies [16–18]: Compared with the Lichtenstein tech-
nique, fewer patients experienced chronic pain 1 year after a
TIPP repair [18] with better SF-36 dimensions [19]. The dif-
ference in the incidence of chronic pain at 1Y-Fu was not
significant in another RCT [20] possibly in relation with a
high percentage (37.4%) of lost to follow-up [21], while in
the short term (with a good follow-up), the percentage of pain
(VAS > 3) was significantly less in TIPP.

ONSTEP with Polysoft was not found superior to the
Lichtenstein technique regarding chronic pain [22]. A large
case series of 565 patients [23] showed a recurrence rate of
4.6%, and 30 (5.3%) patients had complaints attributed to the
permanent memory ring, especially its lateral part, superficial
in the ONSTEP technique. Fifteen of these 30 patients have
had the ring removed. To our knowledge, such complications
have not been published in TIPP.

With the aim to reduce these complications, a new mesh,
Onflex™ (Bard Product, Davol, Warwick, RI, 02886, USA),
specifically designed for the ONSTEP technique, reshaped,
and completed with an absorbable memory ring was then
introduced on the market.

After an overlap period of nearly 1 year, Polysoft was no
more distributed on the market.

Some TIPP surgeons quickly adopted the new mesh, while
some others were disappointed about the withdrawal of the
patch to which they were accustomed and have been waiting
for comparative results of these two meshes.

As an RCT was no more possible, we decided to conduct a
registry-based comparative study, focusing on the overlap pe-
riod during which the two meshes were available. As a de-
crease of chronic pain due to the absorbable ring could be
hypothesized, our primary endpoint was the chronic pain at
2-year follow-up; our secondary endpoint was the reoperation
rate.

Material and methods

Study design

This is a registry-based study on prospectively collected data.
The study period, from September 2016 to October 2017, was
the overlap period during which the two studied meshes were
available on the market and registered in our registry. All
consecutive patients operated on groin hernias using
Polysoft or Onflex TIPP were included and followed 2 years.
Five surgeons participated in the study. The choice of the
mesh was let at the surgeon preference.

Studied meshes

Onflex™ (Bard Product, Davol, Warwick, RI, 02886, USA)
is a 192.1 g/m2 before resorption, large pore, 61.0 × 10−4 in.2

monofilament polypropylene mesh with an absorbable (in 6 to
8 months by hydrolysis) memory ring (polydioxanone
monofilament).

Polysoft™ (Bard Product, Davol, Warwick, RI, 02886,
USA) is a 45 g/m2, small pore 6.9 × 10−4 in.2 monofilament
polypropylene mesh with a permanent memory ring.

Onflex™ large is 10.2 cm wide × 15.7 cm long, and me-
dium is 8.6 cm × 14.2 cm.

Polysoft™ large is 9.5 cm × 16 cm, andmedium is 7.5 cm ×
16 cm.

Collected parameters

The collected parameters, de-identified, were prospectively
registered in real time, by the operating surgeon, in closed-
ended input boxes in an electronic database including demo-
graphics, hernia, and operative characteristics, according to
the EHS (European Hernia Society) groin hernia classification
[24]; operating time and length of stay according to VAS11
(0–10 visual analogue scale); and postoperative pain, 30-day
postoperative outcomes, and complications graded according
to the Clavien classification [25].

Clinical controls were performed by the operating surgeon
at discharge and at first month clinical visit. In case of any
symptom, an additional visit was scheduled between the third
and the sixth month after surgery.

Follow-up

The follow-up consisted in a systematic telephone interview
scheduled at 2 years postoperatively, based on a validated
questionnaire, which we have been using since our first stud-
ies in 1999 [26], performed by a dedicated clinical research
assistant (CRA), independent from the surgical team.

Postoperative chronic pain, defined as a pain lasting for
longer than 3 months [27], was assessed with a four-level
VRS (verbal rating scale). The wording of the VRS was in
the common language: no pain, mild pain, moderate pain, and
severe pain [28]. The impact of pain on daily life was self-
assessed by the patient himself, using a patient-related out-
come measure (PROM) questionnaire.

Answers were recorded verbatim, without any medical ad-
justment according to our PROM policy. The CRAwas aware
of avoiding any response bias. In case of any reported event,
the patient was strongly recommended to schedule a clinical
visit.

Any reoperation, either in the same hospital or in another
team, was looked for and registered in the questionnaire.

Additionally, a retro-control of the registered outcomes
was done during the phone interview [29]. In case of discrep-
ancy, the medical chart was reviewed with the operating sur-
geon. Patients were considered lost to follow-up after five
failed attempts to contact them at different moments of
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different days. Patients who declined to participate in the tele-
phone interview were considered lost to follow-up and were
recorded separately as potentially bad results.

Ethics

In this observational study, patients received a non-opposition
form informing them that their de-identified data were regis-
tered in an electronic database and that they would be offered
a phone questionnaire at different steps of their follow-up.
Patients’ telephone details were not stored in the database
but in the operating surgeon’s office. Only the operating sur-
geon and the CRA were able to link the randomly allocated
identifying number and the patient. The data were stored in a
specialized data center where they were protected against net-
work intrusion. The database complies with the requirements
of the General Data Protection Regulation (GDPR), the
French “Méthodologies de référence de la Commission
Nationale Informatique et Liberté” (MR003), and the different
specific French ethics committees.

Statistical analysis

Categorical variables were reported as frequencies and per-
centages. The chi-square test was used for comparative anal-
ysis. Continuous variables were reported as mean ± standard
deviation (SD), range, or interquartile range (IQR).
Comparisons used the Student’s t test.

Results

Flow chart and study period

Among 30,488 groin hernia repairs registered in our Club-
Hernie registry from September 2011 to June 2020, 4008
consisted in TIPP repairs, using Polysoft in 2106 cases,
Onflex in 937 cases, Surgimesh in 935, and other meshes in
30 cases (Fig. 1).

No Rebound Shield was registered in our database, and
Surgimesh was withdrawn from the market by the manufac-
turer a few months before the introduction of Onflex (Fig. 2).

During the study period (overlap period of Onflex and
Polysoft), from September 2016 to October 2017, 258 TIPP
repairs in 170 patients used an Onflex patch, and 266 TIPP
repairs in 190 patients used a Polysoft patch, of whom 156
patients (181 cases) in the studied group and 166 patients (182
cases) in the control group were followed 2 years postopera-
tively (Fig. 1).

Patients’ characteristics (Table 1)

No significant difference appeared in the two groups of pa-
tients except a one-point difference in the mean BMI with a
low clinical relevance.

Hernias characteristics (Table 2)

No significant difference was found between the two groups
regarding Altemeier classification, emergency repairs, recur-
rent hernias, and scrotal hernias.

Large hernias (L3 or M3), combined hernias (lateral + me-
dial), and mesh fixation were significantly more frequent in
the Polysoft group. Conversely large meshes were significant-
ly usedmore frequently in the Onflex group, and the operating
time (skin to skin) was 10 min longer in this group.

Postoperative course and early outcomes (up to D30)

Postoperative course and early outcomes (up to 30 days) are
shown in Table 3.

No statistical difference was found between the two groups
regarding the surgical site occurrences (6.2% vs 5.3%), main-
ly seromas, which healed without needle aspiration, and 3
cases of minimal subcutaneous infected collection, which
healed without reoperation.

In the Polysoft group, two other surgical complications
occurred: one orchitis without further testicular atrophy and
one early recurrence (0.5%), reoperated at D17 with unevent-
ful further outcomes.

Except the later (Clavien IIIb), all postoperative complica-
tions were classified as Clavien I/II.

The early postoperative pain, assessed with 0–10 VAS
(Table 3), was significantly higher in the Onflex group at D0
(4.34 ± 2.0 [3–6] vs 2.14 ± 1.8 [1–3]; p < 0.0001), at D1 (4.27
± 2.1 [3–6] vs 2.19 ± 1.7 [1–3]; p < 0.0001), at D8 (1.87 ± 1.6
[1–3] vs 0.82 ± 1.5 (0–1); p < 0.0001), and at D30 (0.64 ± 1.2
(0–1) vs 0.04 ± 0.2 (0–0); p < 0.0001). The mean VAS pain,
less than 5 at D0 and D1, did not impair an outpatient care in
96% in this group. The mean VAS pain was less than 1 at D30
in both groups.

Two-year follow-up, late outcomes, and PROM
telephone questionnaire

Follow-up data are detailed per patients (Table 4) and per
operated groins (Tables 5 and 6).

The follow-up consisted in a phone questionnaire done by
an independent CRA.

None of the reached patients declined to answer the
questionnaire.

Four deaths were reported by the relatives, all four unrelat-
ed to the hernia repair.
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Respectively 14 vs 24 patients were lost to follow-up in-
cluding 3 vs 1 unrelated deaths.

No statistical difference was found between the two groups
regarding the follow-up rate (92% vs 88%; p = 0.17), while
the mean follow-up duration was 1 month longer in the
Polysoft group (721 ± 123 (IQR: 695–753) days vs 748 ± 62
(IQR: 732–762) days; p < 0.0001).

One reoperation was reported in the Polysoft group for
hernia recurrence, none related to the permanent ring. When
taking into consideration the early reoperation for recurrence,
the cumulative reoperation rate is 0% in the Onflex group vs
1% in the Polysoft group.

Three recurrences were identified in the Polysoft group and
none in the Onflex group.

When taking into account the early recurrence (reoperated
at D17, without further re-recurrence), the cumulative recur-
rence rate in the Polysoft group was 2.2% (4/182) vs 0% in the
Onflex group.

Symptomatic patients detected during the PROM question-
naire (Table 5) were offered a clinical visit, especially those 5
patients who reported a bulge or a non-solid groin. Three of
them attended the clinical control, only one in three presented
with a recurrence, known before, two others did not attend the
proposed clinical visit. Both had assessed the result of their
surgery as good in the question Q9 (Table 5).

Looking at the VRS (Q3), no statistically significant differ-
ence was found between the two groups regarding the overall
incidence of symptomatic cases (16.5% vs 17.6%; p = 0.71),
while moderate or severe pain were less frequent in the Onflex
group than in the Polysoft group (10 cases, 5.5% vs 21 cases,
11.6%; p = 0.01). None of the patients reporting severe pain
regularly took analgesics nor was referred in a pain center.

In our questionnaire, the questions Q5, Q6, and Q7 have
been designed to put the VRS pain scores in perspective with
their impact on patients’ daily life: While an overall pain or
discomfort was reported in about 17% of cases, all but three of

Fig. 1 Flow chart

Fig. 2 Study period (overlap
period of the two studied meshes,
in Club-Hernie registry)
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these symptoms did not interfere with patients’ daily life, and
these symptoms were self-assessed as more bothersome than
the hernia in only 0.5% of cases.

Among the whole cohort (Onflex + Polysoft), preoperative
pain or discomfort were reported (Table 6) in 82% (57 + 235
of 62 + 296) of cases compared with 17% (62 of 62 + 296) of

Table 1 Patients’ characteristics
(360 patients) N (%) or mean ± SD (range) Onflex Polysoft p value

Patients 170 190

Bilateral repairs (N patients, %) 24 (14) 16 (8) 0.12

Males 149 (88) 171 (90) 0.48

Females 21 (12) 19 (10)

Age (years) 67 ± 14 (20–96) 67 ± 13 (24–93) 0.84

BMI (kg/m2) 24.0 ± 2.4 (18–29) 25.1 ± 2.7 (17–34) < 0.001

ASA classification

ASA 1–2 158(93) 170 (89) 0.23

ASA 3 11 (7) 19 (11)

ASA 4 – –

Missing data 1 1

Table 2 Hernias characteristics (400 cases)

N (%) or mean ± SD (range) Onflex Polysoft p value

Cases 194 206
Unilateral repairs 146 174
Bilateral repairs 48 (25) 32 (16) 0.02
Recurrent hernias 10 (5.2) 7 (3.4) 0.40
Scrotal hernias 13 (6.7) 14 (6.8) 0.89
Emergency cases 1 (0.5) 2 (0.9)
Altemeier clean 194 (100) 206 (100)
Hernia EHS classification
Lateral (total, detail: L1, L2, L3) 121(62): 25, 80, 16 157 (76): 7, 55, 95 0.82
Medial (total, detail: M1, M2, M3) 75 (39): 3, 52, 20 87 (42): 2, 26, 59
Femoral (total, detail: F1, F2, F3) 7 (4): 3, 4, 0 10 (5): 2, 5, 3
Lateral + medial − 6 (3) − 41 (20) < 0.0001
Femoral + any inguinal − 3 (1.5) − 7 (3)
Total (duplicate removed) 194 (100) 206 (100)

Mesh implanted
Large 162 (83) 97 (47) < 0.0001
Medium 32 (17) 109 (53)

Mesh fixation
No 191 (98) 191 (93) 0.0005
Yes 1a [1] 15b [7]
Missing 1 (1) 0

Memory ring
Absorbable 194 (100) –
Non absorbable – 206 (100)

Intraoperative adverse events
Iliac vessels injury 0 0
Bowel injury 0 0
Bladder injury (sutured) 0 1c

Operating time (min)
Mean ± SD (range) 40.8 ± 15 (20–112) 30.3 ± 8 (15–45) < 0.0001
Median 36 30

Altemeier classification

EHS European Hernia Society
a Lateral hernia L2 treated with a patch medium
b Pantaloon hernias (L+M) in 10 cases, femoral hernia combined with inguinal hernias in 5 cases
c Uneventful postoperative outcomes after bladder suture and urinary catheter
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cases at 2 years postoperatively. Significantly more preopera-
tive symptomatic cases were found in the subgroup of symp-
tomatic cases at 2 years (p = 0.021).

Discussion

This registry-based study on prospectively collected data is
the first one comparing Onflex vs Polysoft when used in
TIPP technique. At 2-year-Fu, the overall rate of pain (includ-
ing mild pain or discomfort) was similar in both groups
(16.5% vs 17.6%; p = 0.71). Moderate or severe pain assessed
with VRS were less frequent in the Onflex group than in the
Polysoft group (5.5% vs 11.6%; p = 0.05). The identified re-
currences and the reoperation (related to the hernia repair) rate

were 0% vs 2.2% and 0% vs 1.0%, respectively. No reopera-
tion related to the memory ring was reported.

The main concern with the VRS [28] is the tendency to
overestimate pain: Patients who describe a simple discomfort
or “a feeling different than before,” not necessarily a pain, are
classified as a mild pain. This is an important issue especially
in our series in which more than 50% of the VRS pain was
classified as mild pain or discomfort. At the opposite side of
the VRS pain spectrum, severe pain has not been precisely
defined. As an example, in our series, none of the patients
reporting severe pain regularly used analgesics nor attended
pain centers. VAS (visual analogue scale) evaluation requiring
in principle a face to face clinical visit is not applicable in a
phone questionnaire setting. The impact of pain on daily ac-
tivities [30] and the psychological considerations are of major
relevance. There is a need for a uniform and validated

Table 3 Thirty-day postoperative
outcomes (400 cases) N (%) or mean ± SD (IQR) Onflex Polysoft p value

Cases 194 206

Postoperative complications

General 3a (1.5) 0

SSO 12b (6.2) 11c (5.3) 0.72

Surgical non SSO 0 2d,e [1]

Clavien classification

Grade I/II 15 12 0.48

Grade IIIb (reoperation) 0 1e

Grade IV 0 0

Grade V (death) 0 0

Postoperative pain (0–10 VAS)

D0 4.34 ± 2.0 (3–6) 2.14 ± 1.8 (1–3) < 0.0001

D1 4.27 ± 2.1 (3–6) 2.19 ± 1.7 (1–3) < 0.0001

D8 1.87 ± 1.6 (1–3) 0.82 ± 1.5 (0–1) < 0.0001

D30 0.64 ± 1.2 (0–1) 0.04 ± 0.2 (0–0) < 0.0001

Hospital stay

Outpatients 187 (96) 166 (80) < 0.0001

Inpatients 7 35

D-case setting not proposed 4 33

D-case failed 3 2

Missing 0 5

IQR interquartile range

SSO surgical site occurrence, including SSI (surgical site infection)

VAS visual analogue scale

D0 day of the procedure
a Injection site inflammation (2 cases), hypoesthesia after regional block (1 case)
b Superficial seromas (12 cases) healing without no aspiration
c Superficial seromas (8 cases), subcutaneous infected collection (3 cases, no reoperation)
d Orchitis
e Early hernia recurrence reoperated at D17, further outcomes RAS
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assessment of chronic postoperative inguinal pain (CPIP). In a
recent systematic review [31], 33 different instruments to
quantify CPIP were investigated. Some of them are dedicated
to the hernia repair such as the Carolina Comfort Scale [32] or
the Inguinal Pain Questionnaire; some of them are too sophis-
ticated to be used in daily practice, which suggests to propose
simplified versions such as the short form Inguinal Pain
Questionnaire SF-IPQ [33] or the SF-36 [19].

The overall pain rate in our series, around 17%, is in line
with what has been reported both in randomized studies (over-
all pain 12% including pain during activity, 8.5% and contin-
uous chronic pain, 3.5%), in the first one [18] (overall pain or
discomfort, 25.3% including moderate or severe pain; VDS 3,
4, 5.3%), in a second one [20] using, among other tools, a
verbal descriptor scale (VDS), and in a large prospective study
using a PROM questionnaire (“significant pain”, 15.2%)
based on the national Sweden registry [34]. More precise
comparisons are not accurate because the instruments used
for the pain assessment are different.

In our registry VRS pains reported by the patients were
recorded verbatim without any medical adjustment but
amended with additional questions, assessing their impact on
daily life, and compared with the preoperative pain scores at
baseline.

While an overall pain or discomfort was reported in about
17% (62 in 363) of cases (Table 5), all but three of these
symptoms did not interfere with patients’ daily life (Q6), and
these symptoms were self-assessed as more bothersome than
the hernia in only 0.5% of cases (Q7).

Moreover, the comparison of these figures with the VRS
baseline status (Table 6) in which pain or discomfort were

reported preoperatively in 82% of cases suggests that VRS
probably overestimates pain, that surgeons participating in
this study mainly operated symptomatic hernias, and finally,
that the hernia repair resulted in a dramatic improvement of
the VRS.

The preoperative pain is a well-known risk factor for CPIP
[35, 36]. Accordingly, in our study (Table 6), more preopera-
tive symptomatic cases were found in the subgroup of symp-
tomatic cases at 2 years (p = 0.021).

The secondary endpoint of this study was the reoperation
rate. One reoperation for recurrence was reported by the pa-
tient in the Polysoft group. None is related to the permanent
ring. When taking into consideration the early reoperation for
recurrence, the reoperation rate is 0% in the Onflex group vs
1% in the Polysoft group.

As they provide valuable additional information
concerning postoperative complications, self-reported adverse
events questionnaires are recommended as part of routine
postoperative assessment [29]. In our registry, a retro-control
of the outcomes is systematic during the phone interview done
by an independent CRA.

At 2-year follow-up, three recurrences were identified in
the Polysoft group, none in the Onflex group. When taking
into account the early recurrence (reoperated at D17, without
further re-recurrence), the cumulative recurrence rate in the
Polysoft group was 2.2% (4/182) vs 0% in the Onflex group.
Although not statistically significant (chi-square test non-ap-
plicable), this difference in the recurrence rate might be related
to a higher number of large meshes (83% vs 47%; p < 0.0001)
and a lower number of large and combined hernias (3% vs
20%; p < 0.0001) in the Onflex than in the Polysoft subgroup

Table 4 Follow-up and late
outcomes (322 patients) N (%) or mean ± SD (IQR) Onflex Polysoft p value

Patients 170 190

Lost to follow-up 14 (8) 24 (12) 0.17

Including identified deaths 3a 1b

2 year-follow-up 156 (92) 166 (88) 0.17

Fu (days) 721 ± 123 (695–753) 748 ± 62 (732–762) < 0.0001

Phone questionnaire completed 156 166 0.17

Identified recurrence 0 3c,d,e

Other identified late complications 0 0

Reoperation 0 2c,f

IQR interquartile range
a Deaths unrelated to the hernia procedure
bDeath unrelated to the hernia procedure (melanoma)
c Hernia recurrence reoperated
dHernia recurrence not reoperated
e Hernia recurrence not reoperated
f Reoperation unrelated to the hernia repair
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(Table 2). No registered information indicates whether the
participating surgeons chose Polysoft in those large hernias
because of being more confident in the classic patch with a
non-absorbable ring. The mesh choice, let at the own conve-
nience of the surgeon, is not detailed in our registry.

As shown by Helgstrand et al. [37], the reoperation rate for
recurrencemay underestimate the overall risk of recurrence by
four- to fivefold.

On the other hand, the predictive value of a PROM ques-
tionnaire in detecting recurrences has been underlined by

Table 5 Patient-related outcome measure (363 cases)

N (%) Onflex Polysoft p value

N cases 181 182
Q1. Since your operation does your abdominal wall seem:
Solid 179 179
Not solid 2a,b 3c,d,e

Q2. Do you have a new hernia or bulge in the operated groin?
Missing data 0 5
No 180 175
Yes 1a 2c,d

Q3. Do you currently feel any pain or local discomfort?
Missing data 0 5 (2.7)
No (asymptomatic) 151(83.5) 145 (79.7) 0.71
Yes 30 (16.5) 32 (17.6)
Mild pain or discomfort 20 (11) 11 (6.0) 0.01
Moderate pain 10 (5.5) 16f (8.8)
Severe pain 0 (0) 5g (2.8)

Q4. When exactly do you feel these symptoms?
Not specified 1 (0.5) 1 (0.5)
During lifting, coughing, or pushing 1 (0.5) 3 (1.7)
During other types of effort 11 (6) 9 (4.9)
After physical effort or at the end of the day 2 (1) 3 (1.7)
At any time 15 (8.5) 16 (8.8)

Q5. How often do you feel them?
Rarely 17 (9.5) 23 (12.6)
Several times a week 11 (6) 5 (2.8)
Several times a day 2 (1) 1 (0.5)
All the time 0 3 (1.7)

Q6. These symptoms
Do not interfere with your daily life 29 (16) 30 (16.5)
Allow to pursue the ongoing activity 1 (0.5) 0
Cause a temporary interruption of your activity 0 0
Prevent certain activities 0 2 (1.1)

Q7. These symptoms are
Not specified 1 (0.5) 2 (1.1)
Less bothersome than the hernia 28 (15.5) 29 (16)
More bothersome than the hernia 1h (0.5) 1 (0.5)

Q8. Have you had further operation on your abdominal wall?
No 181 (100) 180 (99)
Yes 0 1i (0.5)

Q9. How do you assess the result of your hernia operation
Excellent or good 177 (97.8) 176 (96.7) 0.53
Medium or bad 4 (2.2) 6 (3.3)

a No groin hernia recurrence at clinical visit (ventral incisional hernia)
b No groin hernia recurrence at clinical visit
c Groin hernia recurrence (not reoperated yet)
d Amazingly groin hernia repair self-assessed as good by the patient
e Amazingly groin hernia repair self-assessed as good by the patient
f Less bothersome than the hernia in all these 16 cases
g Less bothersome than the hernia in all these 5 cases, no regular analgesic intake, no referral to a pain center
h Assessed the result of his repair as good
i Groin hernia recurrence (reoperated)
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Baucom et al. [38] in their hernia registry: “A patient-reported
bulge was 85% sensitive, and 81% specific to detect recur-
rence. Patients reporting no bulge and no pain had 0% chance
of recurrence. In multivariable analysis, patients reporting a
bulge were 18 times more likely to have a recurrence than
those without (95% confidence interval, 3.7 to 90.0; P <
.001)”.

A phone questionnaire [39] probably has a better response
rate than a postal one [40] and could be highly predictive
especially when asking the patient to put his hand to his mouth
and blow, exercise described as the PINQ-PHONE [41].

Symptomatic patients detected during our PROM ques-
tionnaire (Table 5) were offered a clinical visit, especially
those 5 patients who reported a bulge or a feeling of non-
solid groin. In the three of them who attended the clinical
control, only one presented with a recurrence, known before,
and two others did not attend the proposed clinical visit. Both
of them had before assessed the result of their surgery as good
in the question Q9 (Table 5).

The early postoperative pain, assessed with 0–10 VAS
(Table 3), was significantly higher in the Onflex group at D0
(4.34 ± 2.0 [3–6] vs 2.14 ± 1.8 [1–3]; p < 0.0001), at D1 (4.27
± 2.1 [3–6] vs 2.19 ± 1.7 [1–3]; p < 0.0001), at D8 (1.87 ± 1.6
[1–3] vs 0.82 ± 1.5 (0–1); p < 0.0001), and at D30 (0.64 ± 1.2
(0–1) vs 0.04 ± 0.2 (0–0); p < 0.0001). The mean VAS pain,
less than 5 at D0 and D1, did not impair an outpatient care in
96% in this group. The mean VAS pain was less than 1 at D30
in both groups. Among the potential explanations, we could
underline, as potential confounders, that in the Onflex group,
bilateral repairs (25% vs 16%; p = 0.02) and large meshes
(83% vs 47%; p < 0.0001) requiring wider dissections,

resulting in longer operating time (40.8 ± 15 (20–112) min
vs 30.3 ± 8 (15–45) min; p < 0.0001), were significantly more
frequent.

Other meshes have been designed for TIPP techniques.
With the aim to facilitate the lateral insertion of the mesh
and avoid that the extremity of the interrupted memory ring
remains unfold and sharp, a mesh equipped with a continuous
Nitilol memory ring was created (Rebound Shield™ mesh;
Minnesota Medical Development Inc., Plymouth, MN,
USA) and studied [11], showing good results at 21.2-month
follow-up (recurrences, 2.9%; VAS > 3 chronic pain, 5.0%).

The Onflex patch, specifically designed for the ONSTEP
technique, has an interrupted memory ring although some
TIPP surgeons would have dreamt of an absorbable but con-
tinuous memory ring, therefore equipping another mesh, de-
signed for TIPP, which remains to be created.

With the aim to replace the double-layered polypropylene
and reduce the heavy polypropylene load of the Kugel patch, a
single layer polypropylene flat mesh (Supromesh; Sayin Tip,
Istanbul, Turkey) equipped with 4 arrays of memory recoil
rings using a PDS No. 1 was created and randomly compared
with the Lichtenstein technique [42] with significantly lower
chronic pain score at 2 years.

A flat polypropylene mesh equipped with a continuous not
woven polypropylene hemline (Surgimesh™: Aspide
Médical, 246, allée Lavoisier, 42350 La Talaudière, France)
was withdrawn from the market by the manufacturer in 2016,
despite many years of good results [43].

All these meshes are equipped with a memory ring
which helps, after a wide enough dissection and cord
parietalization, the preperitoneal deployment of the mesh

Table 6 Pain status at baseline in symptomatic and no symptomatic cases at 2-year follow-up

N (%) Pain status at 2Y-Fu Pain status at baseline p
value

Studied subgroups Symptomatic at
2Y-Fu

62 cases

No symptomatic at
2Y-Fu

296 cases

Symptomatic at
2Y-Fu

62 cases

No symptomatic at
2Y-Fu

296 cases
Do you currently feel any pain or local discomfort?

No (asymptomatic) 0 296 5 (8) 61 (21) 0.021
Yes 62 0 57 (92) 235(79)

Mild pain or discomfort 31 (50) 29 (51) 157 (67) 0.057
Moderate pain 26 (42) 18 (32) 56 (24)

Severe pain 5 (8) 10 (17) 22 (9)

These symptoms

Do not interfere with your daily life 59 (95) 17 (30) 94 (40) 0.326
Allow to pursue the ongoing activity 1(2) 28 (49) 85 (36)

Cause a temporary interruption of your
activity

0 4 (7) 21 (9)

Prevent certain activities 2 (3) 8 (14) 35 (15)

Percentages are calculated on total cases for result lines 2 and 3

Percentages are calculated on symptomatic cases for other lines

Langenbecks Arch Surg (2021) 406:197–208 205



through a minimal invasive inguinal route. In TIPP, a
mesh fixation is rarely (as in our series) needed, the
mesh being firmly applied by the abdominal pressure
to the deep aspect of the inguinal floor as in laparo-
scopic totally extraperitoneal (TEP) technique. But
TIPP technique does not require laparoscopic nor robot-
ic specific devices [44, 45].

This study is not without limitations. This is a non-
randomized study, and our two subgroups are not
completely similar. But as an RCT was not possible,
because Polysoft was no more available on the market,
we decided to conduct this registry-based comparative
study. Not all the patients attended a clinical visit, but
our primary endpoint (chronic pain) and secondary end-
point (reoperation rate) can be assessed by a systematic
phone questionnaire.

Conclusion

The results of this study must be interpreted cautiously be-
cause the study is not randomized, but they suggest that
TIPP with Onflex provides results at least similar than those
with Polysoft.
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