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meshes commonly have been fixed with a stapler. Recently
a new mode of fixation using a helical fastener has been
introduced. The purpose of this experimental study was to
compare the stability achieved by various types of mes
fixation.

réince the use of large prostheses in laparoscopic hernior-

haphy began, the incidence of recurrent hernia has been on

Methods:_ln 20 human _cadgvers, polypropyleng meshes 1Qhe decrease. This is because the synthetic material covers
x 15 cm in size were fixed in both groins by using either a Il weak sites of the groin [7]. In addition, the most com-

helical fastener or a hernia stapler (4.8 mm). The mesh Wagnonly used prostheses are able to withstand much more

fixed with 2, 4, and 8 elements and stressed with a dyna; ; . A
mometer until the prosthesis ruptured. A paired and two—than the expected maximum load on the site [6, 13]. There

sided Student’'s-test was used for statistical evaluation. floor]e ’.trhheeotr;g/ncsilésd%%igﬁurrrimerr]ﬁg?]':; g—eAsngI?égﬁgP l[f'e
Results:With the helical fastener, the mesh could be fixed prep q

always at the desired site. However, with the stapler, it wagr;l]zssﬁ?:'ﬁgg dt? n0¥r$ éct?srgﬁ éhﬁtﬁrggfgiiInsthp'\sfherfmﬁléiéﬁe
not possible to fix the mesh in the pubic bone or, at times pS.

in the Cooper’s ligament. When two fixation elements Weredevelopment involves the use of titanium coils. In this study

: : hese two modes of fixation were evaluated regarding their
used, the mesh fixed by the helical fastener was able t% - . :
withstand a median load of 34 N (range 23-53 N), and tha bility to withstand shear forces (Fig. 1). Furthermore, the

fixed by the stapler 7.5 N (range 3-12 pi< 0.001). When ideal fixation sites were determined in terms of anatomy

four fixation elements were used, the mesh fixed by thélS] and statics. Because th_e strength of f|xat|on also qe—
helical fastener was able to withstand 70.5 N (range 53_8§ends on the number of fixation _elem_ents [3]’. an increasing

N) and that fixed by the stapler 17.5 N (range 4—250N; umber of elements were used in this experimental study.

0.001). With the use of eight elements, the mesh fixed by

the helical fastener withstood 127 N (range 84-156 N) and

that fixed by the stapler 32.5 N (range 15590\ 0.001).  Methods

Thus, in all cases the helical fastener was significantly mor _ _

stress resistant. The main reason for detachment of the melj here had been no previots surgery in the groin and whose records
was tissue disruption or deformation of the fixation ele-mentioned no history of inguinal hernia, a median laparotomy was per-

ments. Only when a stress of more than 130 N was appliethrmed, and both groins were prepared. After incision of the peritoneum,

did the mesh tear in two cases. the following structures were exposed: the symphysis, pubic tubercle, ra-

; : _ ; ; :Mmus superior of the pubis, Cooper’s ligament, inguinal ligament, epigastric
ConclusionsThe stress-bearing capacity (shear force FeSISTosels. spermatic cord, and testicular vessels.

tf'ince) of a mesh ﬁX_Ed by a helical fastener is up to fQUf In one groin, a Prolene mesh measuring 10 x 15 cm (Ethicon, European
times that of a mesh fixed by a stapler. Therefore, the helicalogistics Centre, 66, rue de la Fes®-1130 Brussels, Belgium, MP 1510)
fastener provides significantly more stable fixation and will was fixed with the helical fastener (Auto Suture Company, United States

| r h ien r from r rrent herniastraical Corporation, Norwalk, Connecticut 06856, USA, Pro Tack 5 mm).
be able to protect the patient better fro ecurrent he agn the contralateral side, the mesh was fixed with the stapler (Auto Suture,

caused by mesh migration. Endo Universal 65° 12 mm). The fixation points were determined in a
previous series of experiments.

For each method of fixation, only those anatomic locations that per-

E— mitted secure fixation in at least 75% of the experiments were taken into

Correspondence taC. Hollinsky consideration, because it was known from clinical experience that fixation
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depth of clip Discussion
penetration
In laparoscopic herniorrhaphy, preperitoneal mesh place-
ment as a “new first line of defence” significantly enhances
the strength of the abdominal wall. Synthetic prostheses are
shear force stable enough to withstand physiologic load without disrup-
= e * i tion [6, 13]. Therefore, recurrent hernias can occur only
' shear force when excessively small prostheses are used [10, 11], or in
— the event of mesh migration [10]. Migration is caused by
shear forces. To counter this problem in the total extraperi-
toneal (TEP) technique, often the fixation of the prosthesis
, is based solely on intra-abdominal pressure.
point of deformation In our recent study of static calculations, we showed that
in the TEP technique, hernia openings with a diameter
smaller than 4 cm can be treated without recurrence risk
only by a sufficient mesh overlap [5]. In hernias larger than
elements not firmly adherent in tissue are difficult to remove. In some4 €M, the fixation should be supplemented by additional
cases, they cannot be removed without tissue damage. elements (stapler or helical fastener) to avert migration of
The same number of fixation elements were used on the medial anthe prosthesis [5].
lateral sides. The polypropylene mesh was fixed with an increasing number By way of contrast, in the TAPP technique the prosthe-

of elements (2, 4, and 8). Alternate groins were used for each fixation_._ : . . - S _
method. After the mesh was fixed, it was stressed by using a dynamometré'IS is fixed with a varying number of different fixation el

(accuracy 0.5 N), in the direction of maximum load (from the upper margin€Ments (2]. The.Stabi“ty O_f the prosthesis incr_eaS?S strongly
of the mesh in cranial direction), and the capacity of the mesh to withstandn direct proportion to the ingrowth of connective tissue [3].

shear force was assessed. Therefore, especially in the immediate postoperative period,

In addition to determmm_g the level of_Ioad, the mode of detachmentthe prosthesis is exposed to the risk of migration.
also was documented. A paired and two-sided Studéi'st was used for L - . . .
statistical calculation. Finally the technical function of both applicators was For ﬂxat'(_)n' n add'?'on to the StaF”efv which .has beenin
compared. use a long time, a helical fastener is now available. These

two instruments differ both in diameter and in their respec-

tive mechanism of fixation. With the helical fastener, ele-
Results ments 4 mm in diameter are screwed into the tissue at a

depth of 3.8 mm to fix the mesh. Therefore, the instrument
Even the preliminary experiments revealed differences bedsed to introduce the elements must have an external diam-
tween the modes of fixation. The helical fastener was ableter of 5 mm. In contrast, the hernia stapler requires an
to penetrate all proposed fixation sites without difficulty. incision of 12 mm, with the additional risk that trocar inci-
Therefore, the mesh could be fixed at all sites consideredions of this size may cause trocar hernias [9]. The staples
suitable in terms of anatomy and statics (Fig. 2). Furtherof the stapler are longitudinal and 7 mm in size, and their
more, the functional performance of fixation by the helical depth of penetration is 2 mm. When the staple is embedded
fastener was superior. in the tissue, its inclination is altered by 90°.

In 320 fixations (together with the preliminary experi- The aim of the current study was to compare the stabil-
ments), a technical problem was encountered in only twaty achieved by these two methods of mesh fixation in the
cases (0.6%). With the stapler, however, the mesh could nafritical postoperative period. This was efficiently evaluated
be fixed securely to the bone in all cases. The same was trua an experimental setting on human cadavers studied a few
for fixation in tendon. The clips had to be detached andhours postmortem. The reason for using recently deceased
refixed in 29 cases (9.1%) to achieve an optimal expericadavers was as follows. As in patients who recently have
mental setting. With the exception of the pubic bone, theundergone surgery, the stability of the prosthesis in the tis-
fixation points used in both methods were identical (Fig. 2).sue of such cadavers depends solely on the adhesive force of

Using two elements, mesh fixation with the helical fas- the fixation. The fixation sites used in both procedures were
tener resulted in a stability of 34 N (range 23-53 N), identical, except for the pubic bone. Here, the mesh could be
whereas that with the stapler was 7.5 N (range 3-12 N)fixed by the helical fastener, but not by the stapler. With the
With four elements, the stability achieved with the helical stapler, the mesh was fixed in Cooper’s ligament or the
fastener was 70.5 N (range 53-80 N), whereas that with th&alciform ligament instead of the pubic bone.
stapler was 17.5 N (range 4-25 N). With eight elements, the In both groups, the stability increased in direct propor-
helical fastener produced a stability of 127 N (range 84—156ion to the number of fixation elements. The results show
N) and the stapler, 32.5 N (range 15-59 N). Statisticathat the stability achieved by the helical fastener was four
evaluation showed that in each of the three experimentaimes that achieved with the stapler. The cause of detach-
series, the helical fastener was significantly superior to thenent was tissue disruption in 52.7% of cases and deforma-
stapler p < 0.001) (Fig. 3). tion of the fixation element in 46.9% of cases. The mesh

The main reason for disruption of the prosthesis waswvas sufficiently strong. Only at a high unphysiologic load of
tissue tear or deformation of the fixation elements (Fig. 4) more than 130 N did the prosthesis tear in two cases (0.4%).
A tear in the polypropylene mesh at the site of the fixation A separate analysis of the detachments in the lower load
element was registered in only two cases (0.4%), at sheaange (<50 N) showed that when the stapler was used, the
forces greater than 130 N. connection was disrupted by 94%, with nearly equal rates of

mesh

3.8 mm

tissue

Fig. 1. Comparison of endoclip and coil fixation of the mesh.
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Fig. 2. Fixation points for the helical fastener and stapler.

140 the angle of the clip opens (Fig. 1) and the fixation to tissue
is broken. At stresses higher than 50 N, elements fixed by
the helical fastener became detached because of structural
changes in 40.1% of the cases: The coiled form was altered
or the coil was extended. In 59.1% of the cases, the tissue
gave way especially in the nonbony fixation points.

The markedly higher stress-bearing capacity of the he-
lical fastener has several causes; (a) The helical fastener
penetrates bony tissue without difficulty and adheres se-
curely to the bone. (b) The depth of penetration is twofold
higher than that of the stapler, leading to better fixation in
the tissue. (c) In terms of statics, the adhesive force of screw
fixation is superior to that of clip fixation [1].

Because of the high stability reached with the helical
fastener (23-53 N with two elements), the number of fixa-

8 fix.  tion elements can be reduced. According to our static cal-

4 fix. culations for the TEP technique [5], we know that with the

2 fix. TAPP technique, hernia defects with common sizes need
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Newton helical fastener stapler only a medial and a lateral fixation element to avert mesh
Fig. 3. Graphic comparison of the stability of the prosthesis after helicalmlgratlon' TO prevent re_cqrrences caused by mesh f0|d|ng,
fastener fixation and after stapler fixation. mesh twisting, or mesh lifting secondary to hematoma [10],

further fixations should be performed caudally on the Ra-

mus superior ossis pubis and cranially for the medial and

lateral mesh region. For oversize hernias, we need to in-
tissue disruption (47%) and deformation of the clip (53%).crease the number of fixation elements in accordance with
The disruption of tissue at a relatively low level of stressthe size of the hernia opening. In consequence of the enor-
after stapler fixation can be explained, on the one hand, bynous spread of stability afforded by use of the stapler (e.g.,
the superficial depth of fixation (2 mm) (Fig. 1) and, on the with four elements 4-25 N), no recommendation for mini-
other hand, by contusion of tissue. Deformation of the clipmum number of needed fixation elements can be given.
occurs at the point where it is bent by 90°. Under pressurelowever, also for the stapler, a direct proportion exists
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Fig. 4. Reasons for mesh disruption.
Divided according to low (<50 N) and
high load (>50 N). TD= tissue
disruption, DE= deformation of
element, MD= mesh disruption.

stapler
helical fastener

between the size of hernia defects and the needed number BEferences

staples.

In addition to greater stability, the coil-like screwing 1.
movement of the helical fastener is more protective to tissue?-
than the clip. When the clip makes a 90° twist in the tissue,
the tissue is compressed during fixation, and contusion oc-
curs. This may cause painful nerve lesions [14, 12] requir- 3.
ing laborious therapeutic measures including surgical repair
[8]. In contrast, the helical fastener method causes no
squeeze of tissue, and if necessary, the removal of the fixa
tion elements can be performed very easily.

In terms of technical stability, the following was ob-
served. The helical fastener “jammed” on two occasions
(0.6%). Therefore, the rate of error when the fixation ele- 6.
ments were fired from the instrument was relatively low.
These errors occurred when more than 20 fixation elements
were fired from one fastener. However, such a large number;
of elements are not used in the patient, even if hernias are
present on both sides. With the stapler, the fixation of clips
was insufficient in 29 cases (9%). The most frequent reasors:
for the staple not penetrating the tissue was incomplete
bending of the staple.

A major advantage of the stapler is that it permits safe
and swift closure of the peritoneum. With the helical fas-
tener, it is not certain whether the tip of the coil will sink 10-
definitely into the tissue. Therefore, peritoneal closure
should be performed with sutures. Initially, this may in-
crease operating time, but should pose no problems for the; .
practiced surgeon.

9.

12.

Conclusions 13,

The helical fastener produces a fourfold stronger fixation,
which means that less fixation elements are needed to pro-
duce greater stability. The trocar size required for this in-14.
strument is 5 mm, in contrast to 12 mm for the stapler.
Similarly, technical dysfunction occurs much more rarely
with the helical fastener. Finally, because it averts tissu
contusion, the new helical fastener should be given prefer-
ence for mesh fixation in laparoscopic herniorrhaphy.
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