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Abstract
Background: The aim of this prospective clinical study
was to determine whether the presence of a hernia, its
size, and its type can be established preoperatively by
clinical and ultrasound, examination.
Methods: The study population comprised 220 consec-
utive patients referred to our department for the surgical
management of an inguinal hernia. On admission, both
inguinal regions were examined clinically and by ultra-
sound. All patients were operated on laparoscopically.
Results: In regard to the intraoperative findings for both
inguinal regions, clinical and ultrasound examination
for the diagnosis of inguinal hernia yielded a high total
rate of accuracy of 93% respective 94%. However, when
the same methods were used to differentiate between
lateral and medial hernia, the total rate of accuracy fell
to only 54% respective 62%. In the determination of
inguinal hernia size, it was even lower: 50% respective
53%.
Conclusions: Although a diagnosis of inguinal hernia
can be established reliably by clinical and ultrasound
examination, only an approximate classification is pos-
sible by these methods.
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If we take the long view of the surgery of inguinal her-
nias, is undeniable that we cannot treat all hernia situ-
ations equally effectively and efficiently by a single
surgical technique, especially when socioeconomic fac-
tors have to be taken into consideration [22]. The con-
cept of an individually tailored surgical procedure,
however, depends on a precise preoperative hernia

classification [29]. In the era when conventional open
inguinal hernia surgery was the sole option, this was not
a problem, because the surgeon could determine the type
of hernia and the size of the hernia opening intraoper-
atively and then choose the optimal surgical technique
for the circumstances at hand. However, following the
introduction of laparoscopic and endoscopic repairs, a
need arose for a precise preoperative classification.

Laparoscopic hernioplasty via the transabdominal
preperitoneal (TAPP) approach enables us to intraop-
eratively verify or rule out the presence of an inguinal
hernia beyond any doubt. We can differentiate precisely
between a spermatic cord lipoma, which is mobile within
the inguinal canal, and a hernia formation, which pro-
trudes into the inguinal canal. At the same time, we can
classify the hernia correctly [29] and assess the size of its
opening [2, 27].

The aim of this prospective study was to evaluate the
accuracy of preoperative clinical and ultrasound exam-
ination vis a vis the later intraoperative laparoscopic
findings, which were considered to be the gold standard
for the proof and classification of an inguinal hernia.

Patients, materials, and methods

From June 1999 to February 2000, 220 patients drawn from a con-
tinuous patient population at Marienhospital, Sluttgart, Germany, and
operated on consecutively were entered into a prospective study [5, 12].
There were no exclusion criteria, except for patients with uncertain
inguinal findings in whom no hernia formation could be shown on
either side, either by palpation or by ultrasonography [3]. There were
202 men (92%) and 18 women (8%). The median age was 59.3 years
(range, 20–92).

With the aid of detailed ana�mnesis, we recorded the findings by
the family physician that led up to the patient’s admission, the pre-
operative ultrasound findings reported by the ward physician, and the
ultrasound finding reported by one of our three experienced ultra-
sound examiners (each with 4,000–5,000 ultrasound examinations).
Finally, we added the intraoperative findings, which had been reported
by a total of 11 surgeons. At the time of the admission examination, as
well as the preoperative ultrasound, the findings were classified [20, 29].
We distinguished the following types: medical, lateral, combined
(mediolateral), and femoral hernias.Correspondence to: B. M. Kraft
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The ultrasound examination was performed with the High-End
Sonographiesystem Sonoline Elegra with optional Siescape (Siemens,
Erlangen, Germany). A 5-Mhz linear transducer and a 3.5-Mhz convex
transducer with the option to expand the frequency range upward or
downward were applied; frequencies between 2.8 and 7.2 Mhz are
possible.

In a longitudinal section, a lateral hernia moves under the external
oblique aponeurosis at the inner inguinal ring and then appears at the
external ring (Fig. 1). A medial hernia moves straight toward the
transducer from dorsal to ventral (Fig. 2) [10, 28]. The epigastric
vessels can be visualized clearly and precisely on ultrasound, however,
contrary to what is generally believed, their position relative to the
hernia sac is not predictive for an ultrasonographic hernia classifica-
tion because it changes in the course of the dynamic examination
(Valsalva’s maneuver), particularly in lateral hernias.

Omentum in the hernia sac appears rather echo-dense. Mobile or
fixed, the small intestine is characterized by peristaltic waves, intestinal
contents, and gas (Fig. 3). Spermatic cord lipomas move in front of the
external inguinal ring during Valsalva’s maneuver, but they do not
migrate intraperitoneally from the inner inguinal ring and disappear.

Lymph nodes or tumor, varicose nodes, ganglia, or hematoma, as
well as funiculoceles and hydroceles can be distinguished beyond any
question from inguinal hernias by ultrasound [8].

All patients were operated on using the transabdominal preperi-
toneal (TAPP) technique [4, 5, 12, 13]. A 10 · 15 cm polypropylene
mesh (PMN; Ethicon Nahtmaterialien, Norderstedt, Germany) was
used to cover the defect. The mesh was fixed with a total of four to six
titanium staples at Cooper’s ligament, the medial pubic ramus, and the
anterior abdominal wall, taking care to avoid the, ‘‘triangle of doom’’
and the ‘‘triangle of pain’’ [15].

All relevant data were recorded in an electronic database. Statis-
tical analysis was done with the Mann-Whitney U test.

Results

The 220 patients included in this study were referred to
us by their general practitioners with a total of 260

hernias (40 patients had a bilateral hernia). However,
the preoperative findings on palpation by the ward
physician showed 54 bilateral hernias, for a total of 274
hernias (Table 1) and preoperative: ultrasonography
showed 80 bilateral hernias, for a total of 300 hernias
(Table 2).

Intraoperatively, we found a total of 289 inguinal
hernias in the 220 patients (Tables 1 and 2), 69 bilat-
eral and 151 unilateral. In 151 groins, no signs of a
hernia were found intraoperatively (Tables 1 and 2). In
each of the 220 patients, we found at least a unilateral
hernia.

A sensitivity of 0.92 was found for the physical ex-
amination at admissions in regard to the diagnosis of
inguinal hernia. Twenty-three of these inguinal hernias
could not be palpated preoperatively. Eight preopera-
tively palpated hernias could not be confirmed intra-
operatively, corresponding to a specificity of 0.92 (Table
1). The positive correctness was 0.97, the negative cor-
rectness was 0.86, and the total accuracy rate for the
physical examination was 0.93 [2].

Preoperative ultrasound (Table 2) had already re-
vealed 281 of the 289 inguinal hernias that were later
diagnosed laparoscopically, meaning that eight inguinal
hernias could not be recognized ultrasonographically
(sensitivity, 0.97). A total of 19 hernias were newly dis-
covered by ultrasound and later confirmed intraopera-
tively. Another 19 hernias, however, also shown by
ultrasound, could not be confirmed intraoperatively.
This corresponds to a specificity of only 0.87. The pos-
itive correctness and the negative correctness were both
0.94; the total accuracy rate for the preoperative ultra-
sound examination was 0.94 (Table 2).

Intraoperatively, we found 57% lateral, 34% medial,
and 9% combined (medial lateral) inguinal hernias [21,
29]. In nine combined hernias that had not been iden-
tified by ultrasonography, an additional medial com-
ponent was discovered intraoperatively. The total
accuracy rate (number of positive concurrences) was
0.54 for the physical examination and 0.62 for preop-
erative ultrasonography.

The size of the hernia opening was assessed correctly
in 53% of all patients by ultrasound as well as by pre-
operative palpation. In cases of false assessment, the
intraoperative findings always showed a larger hernia
opening than had been expected preoperatively.

For preoperative proof or exclusion of inguinal
canal lipoma, we achieved a total accuracy rate of 0.64
for both the clinical and the ultrasound examinations.

Fig. 1. Lateral (indirect) hernia.

Fig. 2. Medial (direct) hernia.

Fig. 3. Incarcerate herina with small intestine in the herina sac.
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Discussion

Our goal in this prospective study was to find out
whether preoperative clinical and ultrasound examina-
tion of the inguinal region can provide accurate verifi-
cation and classification of the inguinal hernia. If so, we
would be able to plan an individualized surgical inter-
vention based on those findings [2, 7, 16, 19, 20]. Given
the wide spectrum of possible and applied surgical
methods—ranging from simple closure of the hernia
opening with a resorbable suture [18] to reinforcement
of the inguinal region with a large nonresorbable
patch—depending on the findings, the monomanic ap-
plication of one method would inevitably result in sur-
gical over- or undertherapy of the condition, followed
by either the subsequent formation of a recurrence or
the acceptance of exorbitantly high risks or costs [1, 9,
17, 22–24, 26].

The TAPP method makes it possible to do a precise
evaluation of both groins [5]. In conventional hernia
surgery, and with the total extraperitoneal (TEP)
method, this kind of evaluation is impossible, or at least
highly problematic [11, 14].

Our results indicate that the preoperative accuracy
of the diagnosis of inguinal hernia can be improved
substantially when preoperative ultrasonography is in-
cluded as an integral step in the examination protocal.
Indeed, ultrasound equipment should be part of the
armamentarium of every clinic. It is especially useful,
however, in cases of uncertain inguinal findings.

Concerning the verification of the presence of ingu-
inal hernia, we obtained in our study a sensitivity of 0.92
for the preoperative physical examination, but this fig-
ure was even further improved—to 0.97 when preoper-
ative ultrasonography was added. A total of 19 inguinal
hernias were newly identified on ultrasound and con-
firmed intraoperatively. Only eight hernias could not be
visualized on preoperative ultrasound, due to relatively
narrow hernia sacs that could not be seen during Val-
salva’s maneuver. The specificity of 0.87 for preopera-
tive ultrasound was relatively low (in 19 of the bilateral
hernias newly discovered by ultrasound, the intraoper-
ative finding was unilateral hernia). In practically every
case, this error was caused by the misinterpretation of
an inguinal canal lipoma. As the respective experiences
of the individual ultrasound examiners increase, we can
reasonably expect even better results. However, we are
convinced that a dedicated ultrasound examiner can also
achieve a high level of accuracy on a routine basis in a
clinical setting with fewer patients.

In regard to the classification of an inguinal hernia,
the additional of ultrasonography also improved the
accuracy from 0.54 to 0.62. In fully one-third of all
patients, however, the preoperative classification did not
coincide with the intraoperative findings.

Conclusion

The growing demand for high-quality patient care by
highly qualified medical practitioners can best be met by
tailoring our treatment strategies to the individual pa-
tients, on a case-by-case basis, for optimal results. It was
the goal of this prospectively controlled study to deter-
mine whether this concept can be applied to the surgery
of inguinal hernias without increasing the risk of re-
currence or incurring intolerably high surgical risks and
costs. For this approach to work, the surgeon must be
able to classify the inguinal hernia with great precision,
based on the situation of the individual patient [29]. In
the preoperative diagnosis of inguinal hernias, ultra-
sound examination of the inguinal region and the testi-
cles plays an increasingly important role [6]. For
definitive proof of the presence a hernia, the sensitivity
of ultrasound is clearly higher than a mere physical ex-
amination; it can thus facilitate determination of the
correct indication for the surgical intervention [27]. The
final and definitive classification of hernias, however,
can only be made intraoperatively; at best, the results of
an ultrasound examination can help to orientate the
surgeon [21].

The value of ultrasound for the assessment of the
size of the hernia opening is equivalent to its value for
the proof of spermatic cord lipoma and thus of limited
value for this application. A stage-adjusted strategy for
the management of inguinal hernias must therefore still
be considered problematic at the present time.
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Netzplastik (TIPP) beim Leistenbruch in Lokalanästhesie [in
German]. Chirurg 67: 419–424

25. Schumpelick V, Treutner KH, Arlt G (1994) Inguinal hernia repair
in adults. Lancet 344: 375–379

26. Stoppa R, Rives JL, Warlamount C, Palot JP, Verhaege PJ,
Delattre JF (1984) The use of Dacron in the repair of hernias of
the groin. Surg Clin North Am 64: 269–285

27. Van den Berg JC, de Valois JC, Go PM, Rosenbusch G (1999)
Detection of groin hernia with physical examination, ultrasound,
and MRI compared with laparoscopic findings. Invest Radiol 34:
739–743

28. Van den Berg JC, de Valois JC, Go PM, Rosenbusch G (2000)
Radiological anatomy of the groin region. Eur Radiol 10: 661–670

29. Zollinger Jr RM (1999) A unified classification for inguinal her-
nias. Hernia 3: 195–200

2024


