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ABSTRACT

P

rosthetic material composition is implicated in the phenomenon of postoperative chronic groin pain
that has undermined elective open inguinal herniorrhaphy. Reported herein are our 'all-comers' experiences with a novel dual component mesh (4DDome®). A prospective cohort (Phase II) study was per-

formed that involved all patients undergoing elective open inguinal herniorrhaphy during a four-year
period. Conventional operative technique was used except for choice of prosthesis. The 4DDome mesh comprises a molded dome-shaped composite (10% polypropylene, 90% poly-L-lactic acid) with a lightweight
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polypropylene mesh overlay. Short- (1 week) and intermediate-term (18 months) clinical follow-up with
examination and symptom questionnaire judged outcome while surgeons rated their approval using a visual
analogue scale. One hundred ninety-six patients (mean age, 65.5 years; Mean BMI, 25.5; Mean ASA, 1.8, 178
males) underwent repair of 201 inguinal hernias by six surgeons (three residents). The majority of patients
had an indirect hernia (n=119) 93 being combined with a posterior wall defect [Nyhus IIIa], whereas 66 had a
direct hernia [Nyhus IIIb], and 11 had a recurrent hernia.) Mean operative time was 44.6 minutes with 92
patients being operated under local anesthesia. Ten patients developed seromas and two had hematomas
early postoperatively. Median intermediate-term follow-up is currently 19 (range: 3-72) months for the 147
(75%) patients still available for contact. The incidence of chronic groin pain is 8.8%, whereas there has been
one hernia recurrence. Surgeon satisfaction and confidence were high. The 4DDome provides appropriate
clinical results and, therefore, appears valid for use in routine practice.

INTRODUCTION

Despite the pretensions of laparoscopic approaches, open herniorrhaphy
continues as the standard method of
inguinal her nia repair in general
usage.1 This means hernia fixation has
been proven reproducibly reliable with
regards to its recurrence rates and provides robust results when used by specialists and generalists alike. Recently,
however, concerns have been raised
regarding the propensity of the prosthetic mesh material (polypropylene)
to either precipitate or potentiate
chronic, and sometimes disabling,
groin pain after operation.2,3 Depending on the threshold of definition
applied, as many as 63% of patients
reported such adversity.4
Two recent prospective clinical
studies reported that some pain occurs
after open hernia repair in between 195
to 30%3 of patients, whereas between
3% and 14% repor t moderate-tosevere pain and 6% experience discomfort sufficient to restrict daily
activities.5 The frequency and potential
severity of this problem have led some
authors to conclude that it should dissuade the traditional bias in favor of
offering elective repair for asymptomatic or minimally symptomatic
inguinal hernia.6
Although the quantity and composition of the mesh material, and the
method of its fixation, are by no means

the only grounds for groin pain, it is
clear that they contribute substantially.7
However, simply reducing the polypropylene proportion within a standard mesh configuration is not
satisfactory, because tensile strength
reduces concomitantly while the risk
of shrinkage increases. Both of these
factors increase the risk of recurrence.
Fur ther more, handling quality
reduces. Therefore, work continues
developing and validating novel mesh
constructs that retain the flexibility
and ease-of-use of conventional prostheses, while optimizing biocompatibility to reduce tissue reaction to the
minimum level that still invokes
durable, lasting repair of the abdominal
wall defect.
The authors have previously performed comprehensive pre-clinical
studies analyzing the biological qualities of a novel composite prosthesis
(4DDome, Cousin Biotech, Wervicq
Sud, France) designed to be easily
incorporated into the standard operative technique for open hernia repair.8
This dual component system combines
a molded, dome-shaped obturator
(composed of a 10% polypropylene
constituent within a majority resorbable poly-L-lactic acid (PLLA)
component) with a conventionally configured, but lightweight polypropylene
mesh.
The results of these studies were
sufficiently encouraging for us to proceed cautiously with an initial ‘Phase I’
clinical trial that confirmed satisfactory
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patient tolerability and promising biological characteristics of the mesh in
situ (determined both clinically and
radiologically).9
The authors herein repor t our
expanded clinical experience within a
Phase II prospective cohort study of
the prosthesis in routine use to further
clarify its potentially advantageous
characteristics while confirming both
patient and surgeon acceptance and
approval.
METHODS METHODS
After Institutional Review Board
approval, the novel mesh construct was
chosen as our prosthetic material of
choice. All patients who underwent
elective open herniorrhaphy during a
four-year period in our tertiary referral university hospital were considered
for inclusion in the trial. Those with
femoral hernia and those undergoing
surgery as an emergency were excluded.
No other particular selection criteria were used, as the prosthesis evaluation was planned on an ‘all-comers’
routine basis. Therefore, patients who
underwent elective operative repair for
bilateral, recurrent, or incarcerated
hernia were included. Furthermore,
whereas in our initial experience with
the mesh previously, consultant surgeons performed every operation, here
residents (under supervision) also per-
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formed the surgery as primary operator as is typical for a teaching hospital.
Type of anesthesia, whether general or
local, was decided in conjunction with
both the Anesthesiologist’s advice and
the patient’s preference after the decision to operate had been made.
Patient demographics (gender, age,
Body Mass Index-(BMI), fitness for
anesthesia by American Society for
Anesthesiologists – (ASA) - Grading),
as well as peroperative details (type of
anesthesia, Nyhus classification of hernia, operative time), were recorded
prospectively at the time of surgery.
SUMMARYSUMMARY
The operative technique involved
conventional open her nior rhaphy
other than for the choice and siteing of
the prosthesis. The patient was placed
in a supine position and the groin prepared as usual. After adequate anesthesia was obtained and prophylactic
intravenous antibiotics administered,
the skin and subcutaneous tissue were
incised and external oblique aponeurosis opened. The ilioinguinal nerve
and spermatic cord were both identified and protected as the hernia sac
was isolated by dissection and
reduced. The dome-shaped, composite (10% polypropylene, 90% PLLA)
component of the prosthesis system is
available in three sizes (22, 30, and 38
mm) Fig 1.
The one of best fit is inserted into
the level of the defect (whether directly upon the transversalis fascia in cases
of direct her nia or into the deep
inguinal ring in those with an indirect
hernia) and fixed by four interrupted
absorbable sutures (Polysorb 3/0) Fig
2. The on-lay lightweight polypropylene was then placed to reinforce the
posterior wall of the inguinal canal,
with its limbs being placed around the
spermatic cord at the level of the deep
inguinal ring.
The split section was sutured lateral
to the spermatic cord and its inferior
margin was secured to the inguinal ligament with a continuous nonabsorbable suture (Prolene 2/0), while
the superior aspect was fixed to the
internal oblique aponeurosis by three
separate absorbable sutures (Polysorb
2/0). The skin was then closed by subcuticular absorbable suture (Monocryl

3/0) after closure of the external
oblique aponeurosis.
All patients were admitted to the
hospital overnight (our traditional
practice because of the only available
day-care set-up) and examined before
discharge the following day. Afterwards, all patients were planned to
undergo out-patient follow-up at one
month and then at six months thereafter. Annual examination involved
complete history and full physical
examination. If any defaulted on their
follow-up attendances, contact by telephone was attempted.
All patients were questionnaired to
elucidate whether they suffered any
groin ache or pain since the operation.
If any degree of ache or pain was
admitted, further enquiry was made to
clarify both its grade (0-10) duration
and the need for analgesic agents, as
well as effect of the symptom on physical activity.
Additionally, all operating surgeons
were asked to anonymously score,
along a visual analogue scale (VAS),
how easy the prosthesis was to use as
well as their confidence in and satisfaction with the system. The VAS was a
100-mm line with limits at each end
ranging from ‘difficult’ (0) to ‘easy’
(100) for the scale of perceived difficulty, and from ‘none’ to ‘high’ (100)
for confidence and satisfaction. The
use of such a system has precedent in
this setting.10
RESULTS

RESULTS

In total, 196 patients (201 inguinal
hernias) underwent open inguinal hernia repair using the 4DDome mesh
prosthesis between July 2003 and July
2007. The mean age of the patients was
65.5 years; 178 were male and 18
female. Mean BMI was 25.5 whereas
the mean ASA was 1.8 (range: 1-3). All
underwent their elective surgery under
one of three surgical consultants as
planned. The mean ‘skin to skin’ operating time was 44.6 minutes. Ninetytwo patients had their procedure under
local anesthesia alone with the remainder having a general anesthetic.
The majority of patients were
determined to have an indirect hernia
(n=119, 124 inguinal her nias, 5
patients have bilateral hernia, 31 hernias had a dilated deep inguinal ring,
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but an intact posterior wall [Nyhus II],
and the other 93 were combined with a
posterior wall defect [Nyhus IIIa]).
Sixty-six patients had a direct hernia
(Nyhus IIIb) and 11 had a recurrence
of a hernia that had previously been
operated upon (Nyhus IV). All patients
were seen the morning of surgery and
discharged as planned.
One hundred ninety-six (100%)
patients returned to the hospital one
week later for wound review and routine follow-up also at one month. Ten
(5% of the total) patients were noted
to have wound seromas, whereas two
others developed hematomas that settled with conservative management
alone. Outside of the first postoperative month, three patients have died of
unrelated causes. The 147 (75%)
remaining patients have had their intermediate outcomes studied, with a current median follow-up of 19 (range:
3-72) months. Among these, 130
(66.3% of the total) patients have had a
follow-up of at least 12 months.
Ninety-four (48%) patients have
returned to the hospital in person for
full clinical examination, whereas 53
(27%) were contactable by telephone
(i.e., refused to come for a clinical
control, but agreed to complete the
verbal assessment). Among the
remaining 49 (25%) patients who did
not have their follow-ups, the majority
could not be contacted, although seven
of the patients refused the request for
postoperative evaluation.

One patient has suffered a recurrence of his hernia and has had this
re-operated upon in this unit.
Encouragingly, the incidence of
persisting chronic groin pain is low,
with only 13 (8.8%) patients mildly
affected (mean pain grading of 10 =
1.3). Whereas seven (4.7%)
patients had pain, which had
required analgesia that had
occurred after recovery from their
operation, the duration of such
medication was short-lived in three
(mean 5.7 days; range: 2 to 12
days). Four (2.7%) patients, however, have an ongoing need for analgesia (see Table for list of all
complications). No patient has
reported restriction of physical
activity.
All six surgeons who used the
mesh as a primary operator at least
ten times completed the VAS scoring of the mesh in its entirety.
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Table
Complications Following Routine Use of 4DDome
Prosthesis in Open Inguinal Herniorrhaphy During a
Median 30 Months’ Follow-Up
(Range: 3-72 Months)
Early Complication

No. (%)

Late Complication

No. (%)

Delayed Discharge

0 (0%)

Recurrence

1 (0.5%)

Neuralgia

0 (0%)

Persistent Pain

13/147 (8.8%)

Seroma

10 (5%)

On-Going Analgesia

4/147 (2.7%)

Hematoma

2 (1.%)

Symptom Interference
with Physical Exercise

0/147

Wound Infection

0 (0%)

Three were of consultant status and
four were senior surgical residents.
The mean (± standard deviation)
for the scores overall were: Ease of
Use 9.1 (±0.9); Confidence 7.8
(±2.0); Satisfaction 8.1 (±1.6) (see
Figure 3 for medians, interquartile

range, and maximum/minimum).
The median score in each category
was 10 for the consultants, whereas
it was 9 (6.75 and 7.0, respectively), for the residents (numbers
were too small for meaningful statistical analysis).

Figure 1. Photograph demonstrating the onlay polypropylene mesh along with the three sizes of dome composite (10% polypropylene, 90% PLLA) that together make up the 4DDome® prosthesis.
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DiscussioN DISCUSSION
Currently, it is clear that durable
repair of an inguinal hernia requires
initial reinforcement of the posterior
aspect of the inguinal canal, but that
the immune response to the buttressing foreign body material (along with
the subsequent cicatrisation) is ultimately more important than the mere
physical presence of a mesh. However, the same process is also responsible for mesh shr inkage that may
underlie hernia recurrence, whereas
ongoing periprosthetic inflammation
can induce chronic groin pain perhaps
because of adherence and erosion of
the mesh into adjacent sensory
nerves.
As the extent of the inflammation
is directly proportional to the amount
of non-absorbable prosthetic material
inserted, an ideal mesh would cause
minimal excessive induration without
compromising the tensile strength of
the repair or mesh handling and flexibility. In short, the construct should
confor m to Amid’s tryptic h of a
dome-shaped configuration combined
with the capacity for maximum early
reinforcement and a facility for secure
fixation.11
The 4DDome system combines a
PLLA component with a polypropylene core fashioned as a dome-shaped
construct to support a lightweight,
conventionally shaped, polypropylene
mesh. The dome-shape (in fact, a geodesic str ucture) g ives maximum
structural advantage by nature of its
architectural qualities and, therefore,
allows the mesh to be made of the
least amount of material possible.
PLLA is a slowly degraded polymer of
amino acid lactate, 12 which has been
previously used as a tissue scaffold in
orthopedic surgery, neurosurgery,
plastic surgery, and cardiac stenting.
The use of this material in a domeshaped configuration, therefore, provides maximum initial support of the
hernia repair early after its construction. The small amount of residual
polypropylene is intended to then
provide persistent tensile strength by
being at the origin of resistant fibrotic
scar tissue at the most fragile parts of
the repair, both in defect (after dissolution of the PLLA and flattening of
the dome) and along the posterior
wall of the inguinal canal. Thus, the
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quality of an original biomaterial in
terms of recurrence, infection, and
late postoperative pain. This new
product fulfils all current requirements of new biomaterial, including
an original shape to ideally encourage
the healing at an early stage of the
scarring process, complemented by
very low biomaterial remains. Therefore, it should maximize the results of
the treatment postoperatively.

Figure 2. Intraoperative photograph demonstrating placement of the dome composite into the inguinal hernia defect after dissection of the salient structures.

composition of the 4DDome prosthesis should guarantee definitive parietal
wall reinforcement while minimizing
the problems associated with higher
amounts of polypropylene.13
This clinical study corresponds in

the equivalence of phase II clinical trials. In fact, patients were consecutively included in the study without any
selection. An inclusion of more than
200 hernias operated on is of significant value necessary to validate the

Figure 3. Box-dot blot demonstrating the surgeons' judgments regarding ease of mesh use along with their
confidence and satisfaction as recorded on visual analog scale (VAS) scores. These 100-point scales
had the following limits: 0-'difficult' and 100-'easy' for perceived difficulty; 0-'little' and 100-'high' for
confidence and personal satisfaction. The graph demonstrates median, interquartile range, and maximum/minimum scores.
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This prospective cohort study
confirms our earlier impression
that the mesh provides a lasting,
satisfactory repair of inguinal hernia when used routinely as it did in
more rarefied circumstances. In
fact, the first objective of inguinal
hernia repair is to obtain the complete healing of hernias along with
the lowest complication rates. In
this series of more than 200 hernias operated on using this new
mesh, the authors observed a rate
of less than 0.5% of complications
and one recurrence with a followup in excess of one year. This is a
consistent finding for usual series
of inguinal hernia repair in which
most of the techniques are associated with about 1% risk of recurrences. However, the difficulties
the authors encountered in obtaining a very long follow-up period
(many patients could not be contacted), while others refused to
come to the hospital even though
most of the latter group accepted
to respond to an oral questionnaire) confounds precise evaluation
of the recurrence rate.
Another aspect regarding this prosthesis use rarely assessed is the surgeon’s satisfaction with the product.
Currently, the acceptance rate of new
biomaterial is linked to the surgeon’s
confidence and approval of the material is well known. We, therefore,
ensured that all surgeons using this
material made an original evaluation
to score the quality of use, confidence, and global satisfaction with the
product. These three cr iter ia
appeared to be very satisfactory, with
scores that ranged from 7.8 to 9.1 for
the three criteria. This new product
was used in a standard manner by all
participating surgeons of the unit and
each consistently determined it was
easy to use and were generally confident in its handling and satisfied with
the outcome of the operation
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(although as may be expected, consultants tended to be more confident in
the outcome than did the residents).
This series also provides encouraging suppor t for the concept that
chronic mesh-related pain may be
reduced, if not ruled out, by the judicious design of the prosthesis. Several
studies demonstrated that chronic
pain can reach an occurrence of more
than 30%.14 In this study, late postoperative pain was determined to be at
an acceptable rate of 8.8%. One of
the explanations for that finding is the
lack of shrinkage linked to absorption
of the PLLA product, as demonstrated
in previous studies.8 The second argument for this low pain rate is the very
low remaining polypropylene material
probably less at the origin of nerve
entrapment and inflammation at the
end of the healing process. These are
very significant results in the evaluation of new products when most of
the current treatments for her nia
repair are comparable in terms of
recurrence rate. A further interesting
aspect of the patient’s clinical course
is the lack of infection in this series,
which corroborates the fact that the
association of non-absorbable and partially absorbable biomaterial does not
affect the healing process and does
not increase the potential risk of mesh
infection.
Although, as it is frequently the
case with clinical studies in general
and, perhaps, with hernia outcome
trials in par ticular, 15,16 the study’s
results are undermined somewhat by
the variable follow-up. The main issue
raised by the defaulting patients was
over the need to travel for review
when feeling well and had fully recovered. This is compounded by our
wide catchment area. Nonetheless,
the follow-up rates, although supplemented by telephone, are in the range
often expected for studies of this
type.17

CONCLUSIONS
CONCLUSIONS
This study shows that the
4DDome mesh is acceptable for use
in open inguinal hernia repair in
standard settings, and seems consistent with an appropriate intermediate-term clinical outcome. The trend
towards improved chronic pain
scores is encouraging although by no
means conclusive. The next phase of
research will be a prospective, randomized study that compares this
product to other products considered as references on the market for
the same surgical approach. STI
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