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Background: In this randomized prospective study the short- and long-term outcomes of patients
undergoing inguinal hernia repair with either Lichtenstein mesh or the Prolene Hernia System (PHS)
were evaluated.
Methods: Postoperative pain and time to return to work, driving and sporting hobbies were recorded
after 300 inguinal hernia repairs done by one of the two methods. Long-term sequelae and complications
were assessed at follow-up visits 1 week, 1 month and 1 year after the operation.
Results: The median duration of operation for unilateral primary hernia was 37 min for the Lichtenstein
operation and 27 min for the PHS procedure (P < 0·001). Postoperative pain was similar after both
operations. Median sick leave was 7 days in both groups. Time to driving a car was 4 versus 3 days, and time
to return to sporting hobbies 13 versus 11 days, in the Lichtenstein and PHS groups, respectively. Apart
from a residual femoral hernia after Lichtenstein repair, no recurrent inguinal hernias were detected.
Conclusion: Both Lichtenstein and PHS methods resulted in rapid recovery and low recurrence rates.
The PHS operation was significantly quicker.
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Introduction

Inguinal hernia repair is the most frequently performed
operation in general surgery and so even modest
improvements in clinical outcomes are important. The
most important criteria for the choice of method are
safety (morbidity and mortality), recurrence rates and
convenience for the patient, including the risk of chronic
groin pain. In recent years, great importance has been
placed on the short-term comfort of the patient, measured
by postoperative pain and the length of convalescence.

Anterior tension-free techniques, including various
patches and plug and patch methods, have produced
excellent results, with low morbidity compared with
conventional methods1,2. Similar good results have been
obtained with laparoscopic mesh methods. However, some
problems remain and optimal mesh type and placement
procedure warrant further research3. New mesh designs
and materials may further improve the results of groin
hernia surgery, and need to be compared with the standard
Lichtenstein repair.

The aim of this randomized clinical trial was to compare
the convalescence (pain and return to full normal activity)

and long-term sequelae (chronic pain and recurrence rates)
after inguinal hernia repair using either the Lichtenstein
method or a bilayer mesh device (Prolene Hernia System

(PHS)) Ethicon, Somerville, New Jersey, USA).

Patients and methods

The study was conducted between September 2001 and
January 2004 in the ambulatory surgery unit of a single
hospital with a catchment area of about 270 000 people.
The study subjects were adult patients who had been
referred for elective inguinal hernia repair. Three hundred
consecutive patients (282 men and 18 women) were
included in the study. The inclusion criteria were unilateral
or bilateral primary or recurrent inguinal hernia. Patients
unsuitable for treatment in the day-case unit (body mass
index over 40 kg/m2, severe co-morbidities) were excluded.
Patients fulfilling the inclusion criteria received written
and oral information about the aims and content of the
study in accordance with the Helsinki Declaration, before
written informed consent was taken. The regional ethics
committee approved the study protocol.
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Randomization and treatment

Randomization was done using numbered, sealed, opaque
envelopes that were opened during the operation. Data
concerning the type of operation and the type of hernia
according to the Nyhus classification4 were kept in a sealed
envelope until after the 1-year follow-up. Thus patients
themselves and personnel involved with the perioperative
care outside the operating theatre, postoperative care and
follow-up were blinded to the method used.

In the Lichtenstein method, a sheet of polypropylene
mesh (Surgipro

TM
; AutoSuture, Norwalk, CT, USA) was

secured in position with polypropylene sutures along the
inguinal ligament to cover the posterior inguinal wall.
The PHS bilayer device consists of three polypropylene
components: its underlay patch provides a posterior repair,
the connector is equivalent to a plug repair and its onlay
patch covers the posterior inguinal floor. Fixing sutures
were not used, except for large direct hernias, when the
onlay patch was secured with two or three sutures medially.
Details of both methods have been described elsewhere5,6.

Three senior surgeons competent in both open
techniques of repair did all the operations. The repairs
were done under local infiltration anaesthesia plus
intravenous sedation, regional or general anaesthesia,
the choice of method being according to surgeon and
patient’s preferences. Local anaesthetic (10 ml bupivacaine
5 mg/ml) was administered into the wound in all patients.
Prophylactic antibiotics were not used. Ibuprofen or
paracetamol plus codeine were prescribed for postoperative
pain.

Nurses involved with preoperative and postoperative
care were instructed to give uniform information to all
patients. Physical activity after operation was not restricted,
and patients were encouraged to resume normal activities
and work as soon as possible.

Assessment

The duration of surgery, hospital stay, perioperative
complications and unplanned overnight admissions were
recorded. At discharge all patients were given a diary to
complete during days 1 to 14, where they recorded daily
entries concerning the number of analgesics taken, any
contact with healthcare providers, as well as dates they
recommenced driving a car, returned to work and resumed
sporting hobbies, if any. Pain levels at rest and walking
were recorded daily using a scale from 1 to 4 (1, none; 2,
mild; 3, moderate; 4, severe).

On day 7 the patients visited a nurse, who inspected the
wound and contacted a surgeon if any complications were
noted or the patient needed extension of his or her sick

leave. At 1 month and 1 year after operation all patients
visited a surgeon. Any early or late complications were
recorded. All data collected from study forms were entered
in the database for statistical analysis.

Statistical analysis

According to the power calculations, 150 subjects per
treatment group were needed for the study to achieve a
statistical power of 0·8 with an α of 0·05 (two tailed).
The calculations were made for duration of convalescence
and pain at 1 month and 1 year after surgery, considering
a 20 per cent difference between the groups as clinically
significant.

Statistical comparisons were made between postopera-
tive measures for the two surgical techniques, using the χ2

test for categorical variables and the Kruskall–Wallis test
for continuous variables.

Results

Of the 347 patients treated for inguinal hernia between
September 2001 and January 2004, 300 (86·5 per cent)
consented to enter the study. One hundred and fifty
patients were allocated to each treatment group (Fig. 1).
They had 334 hernias altogether, of which 12 (3·6 per cent)
were recurrent. Demographic data for the patients in the
two treatment groups and their hernias are summarized in
Tables 1 and 2.

In the PHS group, medial sutures were used to fix the
mesh in 20 patients (13·3 per cent); in the remainder no
sutures were used. One patient in the Lichtenstein group
was excluded from further analysis as the repair was not
done according to the allocated method owing to the
large size of the hernia. Of the remaining 299 patients,
283 (94·6 per cent) returned the questionnaires, and 294
(98·3 per cent) and 283 (94·6 per cent) visited a surgeon
for follow-up at 1 month and 1 year, respectively (Fig. 1).
Those who did not attend either could not get time off
work or had moved to another area and could not be
contacted.

Duration of operation and hospital stay

The median duration of operation for unilateral hernias
was 33 (range 15–77) min for the whole group. It
was significantly shorter for PHS repairs compared with
Lichtenstein operations: 27 (range 15–56) versus 37
(range 24–77) min, respectively (P < 0·001) (Table 3). For
bilateral hernias (n = 34) the median duration of operation
was 54·5 (range 27–91) min for the whole group, 62·5
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Eligible patients
(n = 374)

Not willing to
participate

(n = 47)

Received PHS repair
as allocated

(n = 150)

Questionnaire
returned by 139
patients (93·3%)

Questionnaire
returned by 144
patients (96·0%)

1year    141 patients (94·6%)

Did not receive
standard

intervention as
allocated (n = 1)

Randomization

Received Lichtenstein
operation as allocated

(n = 149)

Follow-up:
1month 147 patients (98·7%)

1year    142 patients (94·7%)

Follow-up:
1month 147 patients (98·0%)

Fig. 1 Trial flow chart. PHS, Prolene Hernia System

(range 24–77) min for Lichtenstein and 46·5 (range 27–91)
min for PHS repairs. For recurrent hernias (n = 12) it
was 45 (range 33–78) and 43 (range 31–59) min in
Lichtenstein and PHS groups, respectively, including one
bilateral hernia in each group.

The median duration of hospital stay (including
inpatients) was similar in the two groups (Table 3). Overall,
36 patients (12·0 per cent) were admitted to hospital. Eight
patients in the Lichtenstein group and four in PHS group
were admitted for social reasons and 12 patients in each
group for medical reasons. The type of anaesthesia had a
significant impact on the time spent in hospital. Excluding
patients admitted for social reasons, the median stay was

3 (mean(s.e.m.) 3·5(0·3)) h after local anaesthesia, 5·4
(6·7(0·5)) h after regional anaesthesia and 5·3 (10·4(2·1)) h
after general anaesthesia (P < 0·001).

Complications

The unplanned overnight admission of 24 patients was
mainly related to the type of anaesthesia. Nine patients had
urinary retention after spinal anaesthesia, and one a had
cardiac event and two experienced drowsiness after general
anaesthesia. One patient had a femoral nerve block after
local anaesthesia that made walking difficult during the first
few hours after operation. Another three needed follow-
up owing to co-morbidities (diabetes, cardiac disease).
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Table 1 Demographic details of patients undergoing hernia repair

Lichtenstein
(n = 150)

PHS
(n = 150)

Median (range) age (years) 47 (20–70) 46 (19–72)
Sex ratio (M : F) 142 : 8 140 : 10
Median (range) BMI (kg/m2) 25 (19–36) 25 (17–36)
Type of work*

Office work 56 (37·3) 57 (38·0)
Light work 36 (24·0) 29 (19·3)
Heavy work 28 (18·7) 33 (22·0)
Retired or unemployed 30 (20·0) 31 (20·7)

Values in parentheses are percentages. PHS, Prolene Hernia System.

Table 2 Type of hernia and anaesthesia used

Lichtenstein
(n = 150)

PHS
(n = 150)

Type of hernia*
I – lateral 53 (35·3) 52 (34·7)
II – lateral and posterior wall 24 (16·0) 30 (20·0)
IIIa – medial 58 (38·7) 52 (34·7)
IIIb – combined 9 (6·0) 10 (6·7)
IIIc – femoral 1 (0·7) 1 (0·7)
IV – recurrent 5 (3·3) 5 (3·3)
Unilateral 136 (90·7) 130 (86·7)
Bilateral 14 (9·3) 20 (13·3)

Type of anaesthesia
Local 43 (28·9) 66 (44·0)
Regional 67 (44·7) 52 (34·7)
General 40 (26·7) 32 (21·3)

Values in parentheses are percentages. *Nyhus classification4. PHS,
Prolene Hernia System.

Table 3 Results in the two treatment groups

Lichtenstein
(n = 149)

PHS
(n = 150) P†

Duration of operation (min)* 37 (39·4) 27 (29·3) < 0·001
Hospital stay (h) 4·9 (7·9) 4·6 (6·6) 0·242
Return to work (days) 7 (10·4) 7 (10·2) 0·980
Driving a car (days) 4 (4·6) 3 (4·4) 0·566
Return to sporting hobbies (days) 13 (14·8) 11 (12·1) 0·060

Values are median (mean). *Unilateral hernias. PHS, Prolene Hernia
System. †Kruskal–Wallis test.

Five patients (3·4 per cent) in the Lichtenstein group
and three (2·0 per cent) in the PHS group stayed in
hospital overnight for pain control. Other postoperative
complications that occurred within 30 days are shown in
Table 4. There were no significant differences between the
two groups.

Table 4 Complications that occurred with in 30 days after hernia
repair

Lichtenstein
(n = 149)

PHS
(n = 150)

Wound complications
Haematoma or swelling 11 (7·4) 2 (1·3)
Infection 2 (1·3) 3 (2·0)

Testicular complications
Hydrocele or scrotal swelling 1 (0·7) 4 (2·7)
Testicular pain 1 (0·7) 1 (0·7)
Atrophy 0 (0) 0 (0)

Prolonged pain 12 (8·1) 18 (12·0)
Numbness 13 (8·7) 11 (7·3)
Residual hernia (femoral) 1 (0·7) 0 (0)

Values in parentheses are percentages. PHS, Prolene Hernia System.

Pain and medication

No significant difference was seen between the two types
of repair in the incidence of pain at rest or when walking
during the first 2 weeks after surgery (Fig. 2). Similarly,
analgesia requirements were comparable between the
groups. On day 7 after surgery, 23·5 per cent of patients
in the Lichtenstein group and 16·9 per cent of those in
the PHS group reported more than mild pain when
walking; respective proportions on day 10 were 11·8 and
8·5 per cent. Two weeks after surgery only 4 per cent of
patients in each group had moderate pain and none had
severe pain when walking. Some 10 and 9 per cent of
patients reported occasional use of analgesics at 2 weeks
after Lichtenstein and PHS repair respectively.

After 1 year, 182 (64·3 per cent) of the 283 patients
reported that the operative site felt normal. A further 75
patients (26·5 per cent) had occasional pain after exercise,
stiffness or other symptoms that did not restrict everyday
activities. Nine patients (3·2 per cent) had disturbing
symptoms (persisting pain, scrotal pain or swelling) that
caused occasional restrictions. There was no difference
between the two types of repair in the occurrence of these
symptoms (P = 0·982). Seven patients in each treatment
group had a small painful area in the medial corner
of the groin area. This type of pain is often thought
to be a result of sutures attaching the mesh to pubic
periosteum. However, it occurred with similar frequency
in both treatment groups and was noted even in patients in
whom PHS mesh had not been attached with sutures.

Convalescence

There was no significant difference between the groups in
the time to return to normal activities. After PHS repair
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Fig. 2 Pain at rest and when walking a on the first day, b at 1 week and c at 1 month after inguinal hernia operation. PHS, Prolene
Hernia System

the patients tended to return to sporting hobbies sooner
than after Lichtenstein repair (P = 0·060).

The type of employment, but not the type of
operation, had a significant impact on the duration of

sick leave. Patients with sedentary jobs returned to work
a mean(s.e.m.) of 8·3(0·4) (95 per cent confidence interval
(c.i.) 7·5 to 9·1) days after operation, compared with 9·8(0·7)
(95 per cent c.i. 8·5 to 11·1) days for light manual workers
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and 14·3(0·9) (95 per cent c.i. 12·5 to 16·1) days for heavy
manual workers (P < 0·001).

After Lichtenstein repair the patients returned to work
after a mean(s.e.m.) of 10·4(0·5) (95 per cent c.i. 9·3 to
11·5) days compared with 10·2(0·5) (95 per cent c.i. 9·1 to
11·3) days after PHS repair (P = 0·980) (Table 3).

Discussion

Owing to the ease of operation, low rates of local
recurrence and high levels of patient safety and comfort, the
Lichtenstein repair6,7 has become the most commonly used
method of inguinal hernia repair throughout the Western
world. Some recent studies have reported chronic irritation
and pain after the Lichtenstein procedure, probably caused
by tension, or nerve compression by the fixing sutures8–10.
Both acute and chronic pain have been reported to be less
after laparoscopic hernia repair3,11. However, laparoscopic
hernia repair requires general or regional anaesthesia, the
operations take longer to perform and the risk of serious
complications is greater3,12,13.

In the authors’ day-case unit, open mesh repair is
the method of choice. Both Lichtenstein hernioplasty
and repair using the PHS bilayer device are tension-free
techniques, employing polypropylene mesh, and both have
been used equally. The aim of this study was to examine
whether sutureless or nearly sutureless PHS mesh resulted
in faster or easier convalescence with less risk of chronic
pain or hernia recurrence.

No significant differences in intensity or duration
of postoperative pain were seen between the treatment
groups. Three-quarters of the patients reported no more
than mild pain when walking 1 week after the operation.
At 2 weeks only 4 per cent of patients after both operations
reported more than mild pain; the majority had no pain
at all. These results are in line with earlier studies of
open mesh techniques14,15. Consequently, there was no
difference in the time off work between the methods.
However, after PHS repair the patients tended to return
to sporting hobbies sooner.

It has been shown that the duration of sick leave is
influenced mainly by the advice given by doctors16. Since it
was realized that the hernia recurrence rate is independent
of both time off work and the type of work done17, ever
shorter convalescence has been reported in the literature.
In line with recent results3,11,17, the median time to return
to work in this study was 7 days in both groups. All
patients were encouraged to return to work as soon as
possible, but patients with heavy manual jobs returned to
work approximately 6 days later than those with sedentary
jobs.

Chronic pain has been reported to occur in up to
25–30 per cent of patients after open inguinal hernia
surgery9,10,18. Consistent with this, 26·5 per cent of the
patients in the present study experienced some kind of
discomfort in the groin area in the long term. It was not
always described as pain but rather as stinging, nipping
or itching, and occurred usually only after physical activ-
ity. Again, there was no difference between the treatment
groups. Altogether 3·2 per cent of the patients experienced
disturbing pain or other symptoms 1 year after surgery,
within the 0–10 per cent reported in the literature19,20.
Two patients in the PHS group had scrotal pain and
swelling severe enough to disrupt normal life. Another
study examining the effect of repair on pain from primary
inguinal hernia reported similar results20.

Lichtenstein repair has been criticized for offering no
protection against femoral hernia and, as an anterior onlay
patch, for making recurrence between the posterior wall
and mesh possible5. Although rapid return to full physical
activity was encouraged in this study, after a follow-up of
1 year no recurrent inguinal hernias were detected and only
one residual femoral hernia was found after Lichtenstein
repair.

Repair of bilateral hernias did not increase the hospital
stay or complication rate. Patients who had bilateral hernia
repair experienced more pain during day 1 than those who
had unilateral hernia repair but after that there were no
differences. Median sick leave was longer, but not affected
by the type of mesh used. Recurrent hernias were also
repaired successfully by either method, with an outcome
comparable to that of primary hernia repair. No patient
had persistent pain in either group.

The duration of operation was significantly shorter
with the PHS than with the Lichtenstein method, in
accordance with previous reports15,21. Operating times
for both methods compared favourably with those of
laparoscopic procedures3.

The type of anaesthesia was not randomized, but both
methods were easily performed under local anaesthesia
with a high level of patient satisfaction. Local anaesthesia
has several advantages over general or regional anaesthesia,
namely early mobilization, reduction of urinary retention
and ease of perioperative management22. In addition,
patients benefit from longer pain relief and need fewer
analgesic drugs. In line with earlier results23, the
complication rate was lowest and the time spent in hospital
shortest with local anaesthesia in this study.

Even though the differences between the two methods
in this randomized study were small, it appears that the ease
of convalescence, as well as complication and recurrence
rates, after PHS repair were at least comparable to those
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after Lichtenstein repair. The advantage of the PHS mesh
was the significantly shorter operating time. Application
of PHS mesh is easier and can be done through a smaller
incision, except in some young patients with a small indirect
hernia. In such patients the Lichtenstein procedure may be
preferable. In this study, none of the PHS procedures was
converted into a Lichtenstein operation for this reason.

The preliminary results obtained in this study justify the
use of PHS bilayer mesh in the ambulatory surgery unit,
as turnaround time is accelerated.
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