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Abstract Background: Tension of the abdominal wall
in the inguinal region induced by Shouldice repair of
an inguinal hernia is said to be responsible for elevated
postoperative pain levels. Patients and methods: In 20
patients we recorded the inguinal tensile strength dur-
ing closure of the hernial gap using a wound retractor
equipped with strain gauges. Postoperative pain levels
were scaled using a visual analogous score, and corre-
lated with the tensile strength of the inguinal abdomi-
nal wall together with peak flow and forced expiratory
volume in 1 s (FEV1) 8, 24, and 48 h after the time of
operation. Results: Shouldice repair caused an average
increase in inguinal tensile strength of 2.9+0.58 N
(mean+SEM). The pain level expressed by active
patients was twice the value obtained from resting
patients (41.55+6.3% vs 20.81+7.1% 8 h after
operation), but decreased slightly later on. Peak flow
during forced expiration was depressed to about 80%
of the control values, whereas the 1-s volume during
forced expiration decreased only to 95% of the control
value. We excluded any correlation between the re-
corded individual inguinal tensile strength or the
changes in distance between the lateral edge of the
rectus sheath and the base of the inguinal ligament and
the postoperative pain level. Conclusion: We failed to
see any evidence for the hypothesis that higher inguinal
tensile strength induced by Shouldice repair leads to an
elevated level of postoperative pain. If there is any
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effect, it may be masked by other factors with a
stronger influence.
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Introduction

Many reports deal with the favourable outcome of pa-
tients after mesh repair of their inguinal hernia [1, 8, 14,
29]. This policy, however, includes the permanent im-
plantation of a prosthetic mesh into the inguinal region,
which in the primary situation is not without contro-
versy among inguinal hernia repair specialists [3, 11, 16,
24, 27]. Especially in young patients with a long life
expectancy, this implantation of foreign material has to
be viewed critically, as it induces chronic inflammatory
changes, which may lead to malignancy in rare cases [13,
17].

One of the major advantages of the tension-free
principle, however, is a low postoperative pain level in
comparison with Shouldice repair [15, 29]. This is said to
be due to the lack of tension which is induced in the
abdominal wall of the inguinal region by adapting the
inguinal ligament and the lateral edge of the rectus
sheath during the transversal fascia plasty in Shouldice
repair. This advantage is reported for all kinds of pa-
tients independent of their personal constitution and
body condition. Intraoperative findings, however, indi-
cate that some patients present strong anatomical
landmarks, and others show a floppy condition of their
abdominal wall. Therefore, the amount of tensile
strength induced by Shouldice plasty should be strongly
related to the individual constitution of the patient.
Furthermore, the size of the hernial gap should also
have an effect on the tensile strength in the inguinal
region after closure of the defect. Following the hy-
pothesis of obtaining better results by the omission of
postoperative abdominal wall tension, the intraoperative
quantification of the tensile forces induced by the
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Shouldice repair should correspond to the postoperative
pain level.

Materials and methods

Patients

After providing informed consent, 20 consecutive patients with a
mean age of 52 years underwent intraoperative evaluation of their
tensile strength in the inguinal region during original Shouldice
repair of a unilateral primary inguinal hernia. All operations were
carried out under local anaesthesia. Intraoperatively, the ilioin-
guinal nerve and the genital branch of the genitofemoral nerve were
sought and preserved. Following a standardized protocol we used
5 mg diazepam for anxiolysis exclusively [20]. No other medication
with relaxing side effects was given. Active cooperation of the
patient was possible at all times.

Instrument

The instrument was designed based on a wound retractor. The tips
of the branches contained two and three spikes, respectively, for
secure fixation at fascial structures. These spikes at a distance of
1.5 cm were placed alternately such that closure of the instrument
resulted in complete approximation of the fixed fascial lines. The
branches of the instrument incorporated strain gauge force trans-
ducers (CEA-XX-250UW-350; Measurements Group Messtechnik,
Lochham, Miinchen, Germany), protected by component cement
(Fig. 1). Any force acting on the fascial level led to a bending of the
force transducers, which induced an electric current. After ampli-
fication these electrical changes were recorded on a personal com-
puter. A potentiometric distance sensor (Type 8711; Burster
Prizisionsmesstechnik,  Gernsbach, Germany) continuously
recorded the position of the branches.

Data collection

After division of the transversal fascia the base of the inguinal
ligament and the lateral edge of the rectus sheath were prepared.
Then the branches of the instrument were fixed to the structures
mentioned. Closure of the wound retractor approximated the lat-
eral edge of the rectus sheath to the basis of the inguinal ligament
thereby closing the hernial gap. This manoeuvre simulated Shoul-
dice repair. A continuous increase in the tensile strength was re-
corded simultaneously with decreasing distance between the
branches of the wound retractor (Fig. 2). A remaining distance of
3 mm was left following the conditions during Shouldice repair.

Fig. 1 Branches of the wound retractor designed for recording the
tensile strength induced by Shouldice repair

Data were collected at a frequency of 10 Hz from channel
bridge amplifiers (type 301; Hugo Sachs Elektronik, March-Hug-
stetten, Germany) using a high-speed analogue and digital 1/O
board (DAS 1202, MetraByte Corporation, Taunton, Mass.), and
stored in a personal computer.

Pain analysis

Pain analysis was carried out using the 100-mm visual analogue
scale score described by Huskisson [12]. The patient was asked to
mark his current pain level between the two end points “no
pain” and “worst imaginable pain”. From the back of the in-
strument the investigator read the corresponding percentage pain
level. This instrument has been found to be appropriate for
measuring acute pain intensity [4] and has been successfully
tested against different pain assessment tools [9]. The pain level
was evaluated 8, 24, and 48 h postoperatively, and was recorded
at rest and during normal activities such as coughing and
walking. The pain-related ventilatory parameters peak flow and
forced expiratory volume in 1 s (FEVI1) were also determined as
objective factors [10] using a mobile analyser (Spirotron; Dréiger,
Liibeck, Germany).

After giving detailed instructions to the patient and following a
minimum rest of 30 min, we chose the best of three tests. The
spirometric value achieved before operation was regarded 100%,
and the postoperative decrease in the ventilatory function recorded
as a percentage of the preoperative function. The relationships
between the individual tensile strength and the postoperative pain
level or the change in the ventilatory parameters were also ana-
lysed, For this purpose the patients were classified according to
their amount of inguinal tensile strength: low (0-1.4 N, n=7),
moderate (1.5-3.9 N, n=7), and high (4-10 N, n=6). Finally, the
degree of correlation between the change in distance between the
lateral edge of the rectus sheath and the base of the inguinal liga-
ment and the postoperative pain level was determined. Therefore,
the patients had to be classified according to the amount of change
in distance: small (0-0.5 cm, n=9), moderate (0.51-1.1 cm, n=106),
and large (> 1.1 cm, n=75).

Statistical analysis was carried out using the two-tailed un-
paired ¢-test. Statistical significance of differences was assumed for
P-values less than 0.05. All data are presented as mean = SEM.

Fig. 2 Direction of the tensile forces acting on the branches of the
wound retractor during closure of the hernial gap



Results

Closure of the hernial gap by approaching the lateral
edge of the rectus sheath to the base of the inguinal
ligament to a remaining distance of 3 mm increased the
tensile strength of the abdominal wall in the inguinal
region (Fig. 3). In 20 patients we found a mean tensile
strength increase of 2.92+0.58 N (range 0.15-9.92 N).
More than 50% of our patients showed an increase in
tensile strength level of 2 N or less (Fig. 4).

The postoperative pain levels as evaluated by the
visual analogous score showed mean values in active
patients twice those in resting patients (Table 1).
However, the mean pain level decreased distinctly dur-
ing the postoperative period of 48 h. We looked for a
correlation between the extent of tensile strength re-
sulting from closure of the hernial gap and the pain
level occurring in the following 8, 24, and 48 h. In
resting patients, 8 h after operation the highest pain
level of 26.6+6.8% was observed in the group with
moderate tensile strength (1.5-3.9 N), while the groups
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Fig. 3 Increasing tensile strength of the abdominal wall in the
inguinal region during closure of the hernial gap in a representative
patient

12

10 - 4

Frequency
[}
L
L

0 2 4 6 8 10 12
Tensile strength (N)

Fig. 4 Tensile strength of the abdominal wall induced by Shoul-
dice repair in 20 patients
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Table 1 The postoperative pain level in resting and active patients
as well as the reduction in the pain-related parameters peak flow
and 1-s volume after forced expiration (FEV1) collected from 20
patients 8, 24, and 48 h after Shouldice repair. The values are
means = SEM

Time after operation (h)

8 24 48
Pain level (%)
Resting patient 20.81+7.1 17.63+£6.9 1436 £6.4
Active patient 41.55+6.3 37.47+£69  33.78+7.0
Reduction in peak 80.81£6.5  82.51+4.1 86.35+2.8
flow (% of control)
Reduction in FEV1 97.13£1.3 94.61 £2.7 96.66 £2.1

(% of control)

with high (4-10 N) and low tensile strength (0-1.4 N)
showed only moderate pain levels (17.6+7.1% and
17.8+7.5%, respectively). After 48 hours the lowest
pain level was observed in the group with high tensile
strength (8.3+£3.9%), and similar pain levels in the
other groups (17.4+£8.2% and 16.5+7.1%, respective-
ly; Fig. 5). These differences were not statistically
significant (P> 0.05).

Among active patients, there were no differences in
pain levels regardless of the amount of inguinal tensile
strength during the first 24 h. After 48 h the low tensile
strength group showed the highest pain levels
(42.0+9.8% vs 28.8+5.2% and 30.0+6.0%, respec-
tively), but this was also without statistical significance
(Fig. 5).

The mean value of the peak flow during forced ex-
piration determined 8 h after the time of operation was
distinctly depressed to 80.81% of the control value
(Table 1), but improved subsequently. The greatest
depression to about 62.3% of the control value
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Fig. 5 Mean postoperative pain level at rest and during activity
(coughing and walking) 8, 24, and 48 h after Shouldice repair
(n=20). The data were grouped in three categories of tensile
strength obtained during the repair
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occurred in the moderate tensile strength group
(Fig. 6), but in both the low and high tensile strength
groups distinctly smaller depressions of the peak flow
(85.8+6.7% and 87.6 £5.8% after 8 h, and 92.6 £4.0%
and 94.3+3.0% after 24 hours, respectively) were
observed. The 1-s volume during forced expiration
decreased only slightly to about 95% during the
postoperative period of 48 h (Table 1). The patient
groups with the lowest and the highest inguinal tensile
strength showed no depression (Fig. 7), but the patients
with moderate tensile strength showed a significant
depression of their 1-s forced expiratory volume to
85.9+6.9% as measured 24 h after the end of the
operation (P <0.05).

Correlating the change in distance between the lateral
edge of the rectus sheath and the base of the inguinal
ligament and the postoperative pain levels, the highest
pain levels and the largest depression in pain-related
ventilation parameters were observed in the group with
the smallest change in distance (Figs. 8, 9, 10, 11).
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Fig. 6 Mean peak flow during forced expiration 8, 24, and 48 h
after Shouldice repair (n=20). The data were grouped in three
categories of tensile strength obtained during Shouldice repair
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Fig. 7 Mean forced expiratory volume in the first second (FEV1)
8, 24, and 48 h after Shouldice repair (n=20). The data were
grouped in three categories of tensile strength obtained during
Shouldice repair

Discussion

Several reports already deal with the attempt to quantify
the tensile forces during inguinal hernia repair. In 1981
Read and McLeod recorded tensile forces to investigate
the necessity for relaxing incisions of the rectus sheath
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Fig. 8 Mean postoperative pain level at rest 8, 24, and 48 h after
Shouldice repair (n=20). The data were grouped in three categories
of change in distance between the lateral edge of the rectus sheath
and the base of the inguinal ligament obtained during Shouldice
repair
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Fig. 9 Mean postoperative pain level during activity (coughing
and walking) 8, 24, and 48 h after the Shouldice repair (n =20). The
data were grouped in three categories of change in distance between
the lateral edge of the rectus sheath and the base of the inguinal
ligament obtained during Shouldice repair
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Fig. 10 Mean peak flow during forced expiration 8, 24, and 48 h
after Shouldice repair (n=20). The data were grouped in three
categories of change in distance between the lateral edge of the
rectus sheath and the base of the inguinal ligament obtained during
Shouldice repair
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Fig. 11 Mean forced expiratory volume in the first second (FEV1)
8, 24, and 48 h after Shouldice repair (n=20). The data were
grouped in three categories of change in distance between the
lateral edge of the rectus sheath and the base of the inguinal
ligament obtained during Shouldice repair

[23]. Their tensiometer recorded the force necessary for
tying a knot in an interrupted suture line. Elevated
tensile forces were found with the McVay repair com-
pared to Bassini’s procedure. Altogether the recorded
forces were between 0.5 and 2.2 N, which are in the
same order as found in our experiments (Fig. 4). In 1981
Wantz also reported a method to quantify the tensile
forces during Shouldice repair using a spring scale fixed
to a needle holder [28]. He found a tensile strength in the
first approximating bite of 1 N, which declined in
the last bites to 0.25 N. A mean force of 0.29+0.16 N
in the first Shouldice suture line has also been found
using the same device [5].

Our equipment enabled us also to quantify the tensile
strength in the inguinal abdominal wall during Shoul-
dice repair. In our view, however, it is of great impor-
tance to record the acting tensile forces over the whole
distance of the repair instead of measurement at one
point, as mentioned above. We could achieve this by the
use of a regular wound retractor with modified branches
for the fixation of the tissue and for force measurement.
Closure of the instrument approximates the lateral edge
of the rectus sheath and the basis of the inguinal liga-
ment over the whole distance used during the repair.
Thereby Shouldice plasty could be simulated in a very
realistic way, and the forces resulting from this ma-
noeuvre would be analysed exactly. One additional as-
pect is the direction of the force vectors. Their
measurement has to be carried out exactly in the acting
level and direction. This was guaranteed by the design of
our instrument. The branches always pointed at an angle
of 90° to the transversal fascia and could record the
forces acting on them exactly. Several clinical investi-
gations [21] and animal experimental studies [22] have
shown the reliability and reproducibility of the resulting
data.

The amount of postoperative pain after inguinal
hernia repair and the superior outcome after tension-free
hernia repair in comparison to Shouldice plasty has been
the subject of many reports [15, 16, 29]. The tension-free
principle covers the hernial gap with a prosthetic mesh
and neglects the approximation of two distant structures
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such as the lateral edge of the rectus sheath and the
inguinal ligament. This is said to be the underlying
reason for the superior outcome in these patients with
regard to postoperative pain levels [18]. However, none
of these studies analysed the relationships between the
amount of elevated tensile strength in the inguinal region
resulting from the hernia repair and the postoperative
course, particularly the pain level.

We quantified the postoperative pain level by two
different and appropriate means — the visual analogous
score and the recording of the pain-related ventilatory
parameters peak flow and FEVI. If there was any
correlation between tensile strength of the abdominal
wall and the postoperative pain level, a low level of
tensile strength should be associated with moderate
levels of postoperative pain, while high tensile strength
should be associated with elevated postoperative pain
levels. From this hypothesis, it was our objective to
determine during the operative procedure whether the
patient suffered much pain postoperatively and therefore
needed a type of tension-free repair, or whether the ex-
pected small amount of pain would make an implanta-
tion of a prosthetic mesh unnecessary.

It is of great interest that our investigations did not
lead to the expected result. Moreover, we were able to
exclude any correlation between the tensile strength of
the abdominal wall during Shouldice repair and the
postoperative pain level. Patients with high tensile
strength after closing the hernial gap showed only
moderate postoperative pain, while some patients with
low tensile forces induced by the hernia repair suffered
from marked postoperative pain. The only detectable
statistically significant difference between the groups
pointed in the opposite direction. Patients with moder-
ate tensile strength (1.5-3.9 N) showed a higher de-
pression in their postoperative peak flow test (37.7%)
than those with a low tensile strength (0—1.4 N; 14.2%),
but also than those with high tensile strength (4-10 N;
12.4%). Analysis of the postoperative changes in the
FEV1 pointed in the same direction. Furthermore, the
postoperative pain level was also not related to
the amount of change in distance between the lateral
edge of the rectus sheath and the base of the inguinal
ligament during Shouldice simulation.

In conclusion, from these results we found no evi-
dence for the hypothesis that high levels of tensile
strength in the inguinal region induced by Shouldice
repair lead to an elevated level of postoperative pain.
The amount of postoperative pain may depend on many
different factors. One is the kind of anaesthesia. It is well
known that the use of local anaesthesia leads to a pos-
itive postoperative course, including the amount of
postoperative pain. Even after the effect of the medica-
tion ceases, patients operated on under local anaesthesia
have fewer pain sensations [20]. Two days after the op-
eration negligible pain levels have been recorded.
Therefore we stopped the pain analysis after 48 h in our
current study. Exclusively, we used local anaesthesia for
all 20 patients.
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Another factor leading to less postoperative pain is
early mobilization. Patients receiving a Shouldice repair
may walk away from the operating table, while the use
of peridural or general anaesthesia requires a certain
time of bed rest. This mobilization and the stretching of
the involved muscles under the protection of local an-
aesthesia may prevent painful muscular cramping af-
terwards. Furthermore, there are substantial differences
in subjective pain sensations among individuals. Pain
analyses in patients undergoing extracorporeal gallstone
lithotripsy have shown a range of subjective pain sen-
sation from “no pain” (45% of patients) to ““pain worse
than 50% (20%). This pain intensity is inversely cor-
related with an elevated level of f-endorphin, which
shows peak values between 4.5 and 6.6 pmol/l [19]. This
variation seems to be responsible for differences in pain
perception. Another cause is age: younger patients show
higher postoperative pain scores than older patients [6].

All these factors may have an influence on the post-
operative pain level, which together may be more pro-
nounced than just the effect associated with different
operation principles. This may be the reason why some
have failed to find the above-described superior results
of tension-free methods concerning postoperative pain
levels [2, 7, 25, 26]. Our results do not support the ad-
vantages of tension-free repair over the gold standard of
Shouldice repair, as other operation-related and inde-
pendent factors may influence postoperative pain levels
and pain perception to a greater degree. Therefore, we
continue to use Shouldice repair routinely in primary
inguinal hernias.
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