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Impact of postoperative
complications on the risk for
chronic groin pain after open
inguinal hernia repair
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Background. Chronic pain is common after inguinal hernia repair and has become one of the most
important outcome measures for this procedure. The purpose of this study was to determine whether or not
there is a relationship between specific postoperative complications and risk for chronic pain after open
inguinal hernia repair.
Methods. A prospective cohort study was designed in which participants responded to the Inguinal Pain
Questionnaire regarding postoperative groin pain 8 years after inguinal hernia repair. Responses to the
questionnaire were matched with data from a previous study regarding reported postoperative
complications after open inguinal hernia repair. Participants were recruited originally from the Swedish
Hernia Register. Response rate was 82.4% (952/1,155). The primary outcome was chronic pain in the
operated groin at follow-up. Grading of pain was performed using the Inguinal Pain Questionnaire.
Results. A total of 170 patients (17.9%) reported groin pain and 29 patients (3.0%) reported severe
groin pain. The risk for developing chronic groin pain was greater in patients with severe pain in the
preoperative or immediate postoperative period (odds ratio 2.09; 95% confidence interval 1.28–3.41).
Risk for chronic pain decreased for every 1-year increase in age at the time of operation (odds ratio 0.99,
95% confidence interval 0.98–1.00).
Conclusion. Both preoperative pain and pain in the immediate postoperative period are strong risk
factors for chronic groin pain. Risk factor patterns should be considered before operative repair of
presumed symptomatic inguinal hernias. The problem of postoperative pain must be addressed regarding
both pre-emptive and postoperative analgesia. (Surgery 2016;j:j-j.)
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HERNIA REPAIR is one of the most common operative
procedures.1 The lifetime risk for an inguinal her-
nia operation in Western countries is estimated to
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be 27% in men and 3% in women.2 As a conse-
quence of the decrease in risk for recurrence after
modern mesh repair, chronic pain has become one
of the most important outcome measures after an
inguinal hernia operation. Reoperation due to
recurrence within 2 years after operation has a fre-
quency of <2%.3,4 Chronic pain is defined gener-
ally as pain lasting >3 months, but the studies on
postoperative chronic pain often address the pres-
ence of pain several years after inguinal herniorrha-
phy.5-7 The prevalence of groin pain after inguinal
hernia repair has been reported to be 20–30%.8,9

In a cohort from the Swedish Hernia Register
(SHR), 30% of the patients reported pain in
the operated groin 2 to 3 years after inguinal
hernia repair, and 6% had severe pain that limited
their ability to perform daily activities.10 In a
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cross-sectional cohort study on patients from the
same register, the proportion of patients with post-
operative groin pain continued to decrease 7 years
after operation. Nevertheless, pain persists in 14%
of patients 7 years after operation.11

When addressing risk for chronic pain, patient-
and operation-related risk factors may be identi-
fied. Several patient-related risk factors are already
known. The risk for developing chronic postoper-
ative pain is increased in younger patients, women,
and patients with preoperative pain either in the
area of planned operation or in another part of
the body.10,12 Some genotypes have also been
shown to be associated with an increased risk for
chronic postoperative pain.13,14

Operative technique, handling of nerves, choice
of mesh, and choice of mesh fixation are among
the operation-related risk factors that have been
explored in previous studies. Open operative
techniques have been associated with an increased
risk for chronic pain.8,10,15 Regional anesthesia has
also been suggested to be associated with an
increased risk for pain compared to other forms
of anesthesia. Severe, short-term pain after
inguinal hernia repair has been shown to increase
the risk for pain one year after the procedure.12

Furthermore, an association between postopera-
tive complication and pain some years after opera-
tion has been suggested.10,16

There are, thus, reasons to believe that chronic
postoperative pain in many cases is triggered
during the immediate postoperative period.
Patient-perceived, long-term outcome after post-
operative surgical complications after inguinal
hernia repair, however, has been evaluated poorly.
Such an investigation is lengthy and requires
reliable and defined data gathered during the
immediate postoperative period and at the end
of follow-up.

The aim of this longitudinal cohort study was to
explore the long-term effects of postoperative
surgical complications with the hypothesis that
the occurrence of a complication increases the
risk for chronic pain.

MATERIAL AND METHODS

The present study is based on a cohort defined in
a previous study on patient-reported operative
complications.17 This cohort was assembled by
requesting all patients who had undergone inguinal
hernia operation during November and December
2002 and were registered in the SHR to respond to a
questionnaire regarding operative complications
during the first postoperative month. The SHR is a
national, adult, groin hernia surgery register
including 95 clinics with 98% coverage of all Swed-
ish inguinal hernia operations in adults.18,19 Of
the 1,643 patients operated in this 2-month period,
1,448 (88.1%) completed the questionnaire. Post-
operative complications within the first month after
operation were reported by 391 (23.8%) patients.

Responders who had had an open repair with
mesh or suture technique were considered eligible
for this study. The complication pattern differs
between open and laparoscopic hernia repairs,
and 98% of the repairs during the inclusion period
were performed with the open technique. The small
proportion of patients undergoing laparoscopic
repair was considered irrelevant in this context
and was excluded from this analysis. After exclusion
of deceased patients and those who had emigrated,
1,155 patients remained eligible (Fig) and were con-
tacted 8 years after the index operation. They were
asked to complete the Inguinal Pain Questionnaire
(IPQ), a validated tool assessing the functional
impact of groin pain after inguinal hernia opera-
tion.20 One reminder was sent to nonresponders.

The questionnaire assesses the intensity of pain
on a 7-grade ordinal scale (0---no pain, 1---pain can
be ignored, 2---pain cannot be ignored but does
not affect everyday activities, 3---pain cannot be
ignored and affects everyday activities, 4---pain
prevents most activities, 5---pain necessitates bed
rest, 6---pain requires immediate medical atten-
tion). The IPQ also comprises questions (yes/no)
regarding difficulties in performing 6, specified,
everyday activities due to pain in the operated
groin and, for men, presence of testicular pain on
the operated side. Data from the IPQ were
matched individually against responses to the
complication questionnaire from the initial study.

Ethical approval for the study was granted by
the Regional Ethics Review Board in Stockholm
(no. 2010/583-31/2).

Statistical analysis. Statistical analyses were per-
formed using Stata software (SE 12.1; StataCorp
LP, College Station, TX). Separate logistic regres-
sion models were used for the outcomes “pain in
the operated groin” and “testicular pain on the
side of hernia surgery.” The IPQ item on “pain
intensity past week” was divided into “no pain”
versus all other levels of pain intensity.

Theoutcomeswere analyzed against the following
possible risk factors: sex; age at time of operation;
preoperative pain (retrospectively reported in the
IPQ on a 7-grade ordinal scale); mode of anesthesia
(local/regional/general); method of repair (ante-
rior mesh/posterior mesh/plug repair/suture
repair); suture material for fixation (nonabsorbable
suture/slowly absorbable suture/rapidly absorbable



Fig. Flow chart of recruitment and participation. (Color version of this figure is available online.)
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suture); and each of the patient reported complica-
tions (hematoma, infection, wound dehiscence, se-
vere pain, thrombosis, testicular pain [for men],
complication to the anesthetic procedure, urinary
tract complication or voiding problem, and consti-
pation). Previously known risk factors were brought
into themultivariate analyses together withpredictor
variables having statistical significance (P < .05) in
the univariate analyses.

RESULTS

Patient recruitment, reasons for nonparticipa-
tion, and response rates are accounted for in the
Figure. The IPQ was completed by 82.4% (952/
1,155) patients. Of the responders, 894 (93.9%)
were men. Median age at time of operation was
58 years (interquartile range 48–67 years). Gen-
eral anesthesia was used in 583 (61.2%) proced-
ures, regional anesthesia in 121 (12.7%)
procedures, and local anesthesia in 248 (26.1%)
procedures. Among the responders, 35.7% (340/
941) had reported $1 complication in the compli-
cation questionnaire completed a few months af-
ter hernia repair.

Groin pain at long-term follow-up was reported
by 170 (17.9%) patients, of whom 29 (3.0%) had
pain limiting their ability to perform daily activities
(reported intensity grades 3–6). Among the 894
male responders, 77 (8.6%) reported testicular
pain on the ipsilateral side.
Table I presents the results regarding risk
factors for chronic pain in the operated groin. In
the multivariate analyses, an increased risk
(expressed in terms of odds ratio) for developing
chronic pain in the operated groin was seen for
patients who reported severe pain in the operated
groin postoperatively as well as for those who
reported preoperative groin pain. The more severe
the pain prior to operation, the stronger the risk
factor. Age was negatively associated with chronic
pain; the risk for pain decreased for every 1-year
increase in age at the time of operation. Patients
whose repair was performed with rapidly absorb-
able suture (in a suture repair or as fixation of
mesh) were at a greater risk for chronic pain
than those whose repair was performed with
nonabsorbable suture.

In the univariate analyses, an association
between urinary tract complication and chronic
groin pain was seen; this association, however, did
not remain in the multivariate analyses. Testicular
pain in the postoperative period predicted chronic
groin pain in the univariate analyses but was not
included in the multivariate analyses, because add-
ing this to the model would exclude the women.

Analyses of the association of each factor with
chronic testicular pain on the side of the hernia
repair are shown in Table II. Postoperative testicular
pain and a urinary tract complication predicted
testicular pain on the operated side at follow-up.



Table I. Logistic regression analyses for chronic groin pain after open inguinal herniorrhaphy

Frequencies Univariate analysis Multivariate analysis

Patients with chronic pain,
n/no. at risk (%) OR (95% CI) P value OR (95% CI) P value

Sex
Male 156/894 (17.5)
Female 14/58 (24.1) 1.53 (0.82–2.88) .18 1.76 (0.88–3.49) .11

Age 0.99 (0.97–1.00) .009 0.99 (0.98–1.00) .05
Anesthesia

Local 40/248 (16.1)
Regional 28/121 (23.1) 1.53 (0.89–2.64) .12
General 102/583 (17.5) 1.06 (0.71–1.59) .77

Preoperative groin pain*
0 12/163 (7.4) Ref Ref
1 22/164 (13.4) 1.94 (0.92–4.06) .08 2.02 (0.95–4.30) .07
2 37/186 (19.9) 3.13 (1.57–6.23) .001 3.14 (1.55–6.36) .001
3 54/266 (20.3) 3.17 (1.64–6.14) .001 3.11 (1.59–6.11) .001
4 29/103 (28.2) 4.83 (2.33–10.01) <.001 4.50 (2.13–9.53) <.001
5 6/21 (28.6) 4.93 (1.62–15.04) .005 5.29 (1.66–16.90) .005
6 9/34 (26.5) 4.63 (1.76–12.15) .002 3.49 (1.25–9.75) .02

Method of repair
Anterior mesh 118/687 (17.2) Ref Ref
Posterior mesh 0/2 (0) — —
Plug repair 27/133 (20.3) 1.26 (0.79–2.01) .34 1.15 (0.69–1.93) .60
Suture repair 25/130 (19.2) 1.14 (0.71–1.84) .59 1.11 (0.66–1.88) .69

Fixation/suture
Nonabsorbable
suture

153/896 (17.1) Ref Ref

Slowly absorbable
suture

5/19 (26.3) 1.97 (0.68–5.68) .21 1.45 (0.48–4.42) .51

Rapidly absorbable
suture

12/37 (32.4) 2.37 (1.16–4.83) .02 2.40 (1.10–5.25) .03

Hematoma
No 136/777 (17.5)
Yes 31/148 (21.0) 1.24 (0.80–1.93) .33

Infection
No 151/860 (17.6)
Yes 14/68 (20.6) 1.20 (0.65–2.22) .56

Wound dehiscence
No 160/901 (17.8)
Yes 8/38 (21.1) 1.24 (0.56–2.78) .60

Severe postoperative pain in the groin
No 135/832 (16.2)
Yes 33/104 (31.7) 2.48 (1.57–3.91) <.001 2.09 (1.28–3.41) .003

Thrombosis
No 162/924 (17.5)
Yes 4/10 (40.0) 3.66 (0.97–13.78) .06

Testicular pain
postop (only men)

Omitted

No 130/797 (16.3)
Yes 23/84 (27.4) 1.98 (1.18–3.33) .01

Complication to anesthesia
No 160/911 (17.6)
Yes 7/26 (26.9) 1.68 (0.69–4.06) .25

Urinary tract complication
No 153/897 (17.1)

(continued)
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Table I. (continued)

Frequencies Univariate analysis Multivariate analysis

Patients with chronic pain,
n/no. at risk (%) OR (95% CI) P value OR (95% CI) P value

Yes 14/40 (35.0) 2.65 (1.34–5.21) .005 1.94 (0.94–4.00) .07
Constipation

No 159/911 (17.5)
Yes 6/26 (23.1) 1.53 (0.60–3.93) .37

*For preoperative groin pain: 0---no pain, 1---pain can be ignored, 2---pain cannot be ignored but does not affect everyday activities, 3---pain cannot be
ignored and affects everyday activities, 4---pain prevents most activities, 5---pain necessitates bed rest, 6---pain requires immediate medical attention.
Showing frequency, odds ratio (OR), and 95% confidence interval (95% CI). Laparoscopic hernia repairs not included, and no patient underwent a no-
fixation or “glue-based” mesh fixation repair.

ARTICLE IN PRESS
Surgery
Volume j, Number j

Olsson et al 5
Report of preoperative groin pain as well as postop-
erative severe groin pain was associated with an
increased probability of testicular pain in their
respective univariate analyses, but that association
did not remain in the multivariate analyses. Older
age at operation was associated with a decreased
probability of persisting testicular pain.

DISCUSSION

There was a strong association between patient-
perceived occurrence of the postoperative surgical
complication “severe postoperative pain in the
groin” and chronic groin pain in this long-term
follow-up cohort study. There was also a strong
association between chronic testicular pain and
the complications “postoperative testicular pain”
and “urinary tract complication.”

Groin or testicular pain within 1 month of
operation was a strong predictor for developing
chronic pain. The observation that immediate,
severe postoperative pain increases the risk for
chronic pain has been made by several other
studies,21-23 which suggests that operative tech-
nique, whenever possible, should be modified in
order to minimize immediate postoperative pain.
The choice of a less traumatic operative technique,
such as endoscopic hernia repair, is to be recom-
mended. TEP (totally extraperitoneal repair) has
been shown to decrease the risk for postoperative
groin pain as well as persistent groin pain up to
1 year after operation.24,25

In this study, where only open repairs were
included, there was no difference in risk of chronic
pain depending on the type of repair (anterior
mesh, posteriormesh, plug repair, or suture repair);
we were not able to compare open versus laparo-
scopic hernia repair, because too few patients in this
time period underwent laparoscopic repair.

Another way of addressing the impact of post-
operative pain on risk for chronic pain is to have
a vigilant attitude toward postoperative pain relief.
For open hernia repair, a systematic review
advocates the administration of local anesthetics,
even if the patient is operated under general
anesthesia, as well as the use of acetaminophen
and nonsteroidal anti-inflammatory drugs/COX-2
inhibitors.26

Data from the questionnaires in this study do
not allow classification of reported pain as noci-
ceptive or neuralgic; most likely, both components
are present within the group. While a study such as
this cannot prove that better control of perioper-
ative analgesia really diminishes chronic pain, a
significant effect of perioperative pain manage-
ment regimen on the risk for chronic pain has
been shown for limb amputation.27 Conclusive
evidence regarding the benefit of pre-emptive
techniques of postoperative pain control and the
impact of good postoperative analgesia on chronic
postoperative pain is still lacking, and the area
needs further investigation. Whether use of pre-
emptive techniques of postoperative pain control
are of benefit remains unknown.

Previous studies that suggest an association
between postoperative complications have not
made a distinction between specific complica-
tions.10,16 Our study investigated the association
between several different types of postoperative
surgical complications and chronic groin pain;
we could not demonstrate any association with
long-term groin pain for any specific complications
other than severe pain in the immediate postoper-
ative period.

The initial study provided a valid, population-
based patient cohort for studying the association
between postoperative complication and chronic
pain.17 The complication questionnaire combined
with data from the SHR gave a more complete un-
derstanding of the postoperative complication
panorama than data solely assembled from the SHR.

In the present study with patients answering the
IPQ >8 years after inguinal herniorrhaphy, 17.9%



Table II. Logistic regression analyses for chronic testicular pain

Frequencies Univariate analysis Multivariate analysis

Patients with testicular pain,
n/no. at risk (%) OR (95% CI) P value OR (95% CI) P value

Age 0.97 (0.96–0.99) <.001 0.97 (0.95–0.98) <.001
Anesthesia

Local 15/233 (6.4)
Regional 13/113 (11.5) 1.89 (0.87–4.12) .11
General 49/548 (8.9) 1.42 (0.78–2.60) .25

Preoperative groin pain*
0 4/163 (2.5) Ref Ref
1 11/164 (6.7) 2.69 (0.84–8.66) .10 2.53 (0.76–8.43) .13
2 13/186 (7.0) 2.87 (0.92–9.00) .07 2.63 (0.81–8.51) .11
3 28/266 (10.5) 4.48 (1.54–13.04) .006 2.84 (0.94–8.62) .06
4 18/103 (17.5) 7.46 (2.43–22.93) <.001 5.24 (1.63–16.83) .01
5 3/21 (14.3) 6.75 (1.39–32.89) .02 4.69 (0.78–28.12) .09
6 1/34 (2.9) 1.33 (0.14–12.39) .80 — —

Method of repair
Anterior mesh 57/660 (8.6) Ref Ref
Posterior mesh 0/1 (0) — —
Plug repair 12/111 (9.8) 1.14 (0.59–2.20) .69 1.27 (0.62–2.61) .51
Suture repair 8/110 (7.3) 0.83 (0.38–1.79) .63 0.82 (0.35–1.93) .65

Fixation/suture
Nonabsorbable suture 69/845 (8.2) Ref
Slowly absorbable
suture

2/18 (11.1) 1.39 (0.31–6.13) .67

Rapidly absorbable
suture

6/31 (19.4) 2.28 (0.92–5.66) .08

Hematoma
No 56/730 (7.7)
Yes 19/139 (13.7) 1.91 (1.09–3.32) .02 1.25 (0.62–2.53) .54

Infection
No 66/807 (8.2)
Yes 9/65 (13.9) 1.80 (0.85–3.81) .12

Wound dehiscence
No 70/847 (8.3)
Yes 6/35 (17.1) 2.30 (0.92–5.72) .07

Severe postoperative pain in the groin
No 62/784 (7.9)
Yes 14/97 (14.4) 1.96 (1.05–3.66) .03 0.76 (0.33–1.74) .51

Thrombosis
No 73/871 (8.4)
Yes 2/7 (28.6) 4.37 (0.83–22.93) .08

Testicular pain postop
No 49/797 (6.2)
Yes 27/84 (32.1) 7.23 (4.21–12.43) <.001 5.77 (2.97–11.22) <.001

Complication to Anesthesia
No 72/856 (8.4)
Yes 4/24 (16.7) 2.18 (0.72–6.54) .17

Urinary tract complication
No 66/842 (7.8)
Yes 10/39 (25.6) 4.05 (1.89–8.68) <.001 2.67 (1.06–6.73) .04

Constipation
No 73/855 (17.5)
Yes 3/26 (11.5) 1.40 (0.41–4.77) .59

*For preoperative groin pain: 0---no pain, 1---pain can be ignored, 2---pain that cannot be ignored but does not affect everyday activities, 3---pain cannot be
ignored and affects everyday activities, 4---pain prevents most activities, 5---pain necessitates bed rest, 6---pain requires immediate medical attention.
Showing frequency, odds ratio (OR), and 95% confidence interval (95% CI).
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of the patients claimed chronic pain. This propor-
tion was less than in studies with shorter follow-
up,8,10,15,28 which is in accordance with previous
findings on the natural course of long-term post-
operative groin pain.11 The prevalence of pain
interfering with the ability to perform daily activ-
ities was 3.0% which is similar to previous
reports.15,28 Given the ubiquity of inguinal repair,
this represents a substantial number of patients
that experience a decreased quality of life. Another
risk factor present in this study as well as in previ-
ous studies was young age.10,29

Notably, preoperative pain was a very strong
predictor of chronic pain. This observation should
be interpreted with some caution, because the
degree of preoperative pain was based on retro-
spective reporting. Nevertheless, the finding is in
line with several studies on risk for chronic post-
operative pain after various operative proced-
ures.30,31 The fact that preoperative pain was
such a strong predictor of persisting pain
>8 years after herniorrhaphy emphasizes the
importance of being diligent in the preoperative
assessment in order to assure that a hernia preop-
erative assessment in order to assure that the
hernia or the, on good grounds, suspected hernia
is the cause of the patient’s discomfort. The preop-
erative information given to the patient should be
tailored according to his or her risk factors.
Patients with severe preoperative pain should be
advised that there may be an increased risk for
chronic pain after hernia repair.

Urinary tract complication was seen to be a
significant predictor of testicular pain. This asso-
ciation cannot be investigated further from the
data at hand, and we cannot explain the reason for
this association. It is possible that both the urinary
tract complication and testicular pain at the time
of follow-up are manifestations of a urologic
complaint not necessarily related to the hernia
repair.

Suture material used in the repair (for suturing
the tissue layers or for fixating the mesh, depend-
ing on type of repair) was evaluated as a risk factor
for chronic pain. Repairs with rapidly absorbable
suture were associated with an increased risk for
chronic groin pain. To determine causality is not
possible in this study. A possible confounder may
be that these types of rapidly absorbable sutures
are associated with a greater risk for recurrence.32

It is also possible that the use of this kind of suture
(knowing of the poorer results regarding recur-
rence) is a marker for substandard surgery. We
should acknowledge that we were unable to
compare suture repair versus a no suture or
“glue-based” repair, because all patients had suture
fixation of the mesh.

In the study population operated in 2002,
97.4% of the hernias were repaired with an open
procedure---the dominating procedure at that
time. The small proportion of patients operated
with a laparoscopic technique was, therefore,
excluded. Our conclusions on complications and
chronic pain are thus applicable to patients oper-
ated with an open operative technique.

In conclusion, the results of this study empha-
size the importance of maintaining a strict indica-
tion for inguinal herniorrhaphy and individualized
preoperative information. Surgeons should choose
operative techniques with a lesser risk for pain in
the immediate postoperative period and be very
active in addressing severe postoperative pain.
REFERENCES

1. Kingsnorth A, LeBlanc K. Hernias: inguinal and incisional.
Lancet 2003;362:1561-71.

2. Primatesta P, Goldacre MJ. Inguinal hernia repair: inci-
dence of elective and emergency surgery, readmission and
mortality. Int J Epidemiol 1996;25:835-9.

3. Haapaniemi S, Gunnarsson U, Nordin P, Nilsson E. Reoper-
ation after recurrent groin hernia repair. Ann Surg 2001;
234:122-6.

4. Bisgaard T, Bay-Nielsen M, Christensen IJ, Kehlet H. Risk of
recurrence 5 years or more after primary Lichtenstein
mesh and sutured inguinal hernia repair. Br J Surg 2007;
94:1038-40.

5. Classification of chronic pain. Descriptions of chronic pain
syndromes and definitions of pain terms. Prepared by the
International Association for the Study of Pain, Subcommit-
tee on Taxonomy. Pain Suppl 1986;3:S1-226.

6. Alfieri S, Amid PK, Campanelli G, Izard G, Kehlet H,
Wijsmuller AR, et al. International guidelines for preven-
tion and management of post-operative chronic pain
following inguinal hernia surgery. Hernia 2011;15:239-49.

7. Kehlet H, Bay-Nielsen M, Kingsnorth A. Chronic posther-
niorrhaphy pain–a call for uniform assessment. Hernia
2002;6:178-81.

8. Eklund A, Montgomery A, Bergkvist L, Rudberg C, Swedish
Multicentre Trial of Inguinal Hernia Repair by Laparoscopy
Study G. Chronic pain 5 years after randomized comparison
of laparoscopic and Lichtenstein inguinal hernia repair. Br
J Surg 2010;97:600-8.

9. Nienhuijs SW, Rosman C. Long-term outcome after
randomizing prolene hernia system, mesh plug repair and
Lichtenstein for inguinal hernia repair. Hernia 2015;19:
77-81.

10. Franneby U, Sandblom G, Nordin P, Nyren O,
Gunnarsson U. Risk factors for long-term pain after hernia
surgery. Ann Surg 2006;244:212-9.

11. Sandblom G, Kalliom€aki ML, Gunnarsson U, Gordh T. Nat-
ural course of long-term postherniorrhaphy pain in a
population-based cohort. Scand J Pain 2010;1:55-9.

12. Callesen T, Bech K, Kehlet H. Prospective study of chronic
pain after groin hernia repair. Br J Surg 1999;86:1528-31.

13. Dominguez CA, Kalliomaki M, Gunnarsson U, Moen A,
Sandblom G, Kockum I, et al. The DQB1 *03:02 HLA

http://refhub.elsevier.com/S0039-6060(16)30428-7/sref1
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref1
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref2
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref2
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref2
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref3
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref3
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref3
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref4
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref4
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref4
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref4
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref5
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref5
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref5
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref5
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref6
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref6
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref6
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref6
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref7
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref7
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref7
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref8
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref8
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref8
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref8
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref8
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref9
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref9
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref9
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref9
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref10
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref10
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref10
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref11
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref11
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref11
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref11
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref12
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref12
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref13
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref13


ARTICLE IN PRESS
Surgery
j 2016

8 Olsson et al
haplotype is associated with increased risk of chronic pain
after inguinal hernia surgery and lumbar disc herniation.
Pain 2013;154:427-33.

14. Belfer I, Dai F, Kehlet H, Finelli P, Qin L, Bittner R, et al.
Association of functional variations in COMT and GCH1
genes with postherniotomy pain and related impairment.
Pain 2015;156:273-9.

15. Kalliomaki ML, Meyerson J, Gunnarsson U, Gordh T,
Sandblom G. Long-term pain after inguinal hernia repair
in a population-based cohort; risk factors and interference
with daily activities. Eur J Pain 2008;12:214-25.

16. Haapaniemi S, Nilsson E. Recurrence and pain three years
after groin hernia repair. Validation of postal questionnaire
and selective physical examination as a method of follow-
up. Eur J Surg 2002;168:22-8.

17. Franneby U, Sandblom G, Nyren O, Nordin P,
Gunnarsson U. Self-reported adverse events after groin her-
nia repair, a study based on a national register. Value Health
2008;11:927-32.

18. The National Board of Health and Welfare. Svenskt
Br�ackregister - Nationellt kvalitetsregister f€or ljumskbr�ack-
soperationer. [Swedish Hernia Register – National quality
register for groin hernia surgery.] National Board of Health
and Welfare website: National Board of Health and Welfare,
Sweden; 2015. Available at: http://www.socialstyrelsen.se/
register/registerservice/nationellakvalitetsregister/svenskt
brackregister-nationell.

19. The Swedish Hernia Register. The Swedish Hernia Register.
TheSwedishHerniaRegisterWebsite:TheSwedishHerniaReg-
ister; 2015. Available at: http://svensktbrackregister.se/en/.

20. Franneby U, Gunnarsson U, Andersson M, Heuman R,
Nordin P, Nyren O, et al. Validation of an Inguinal Pain
Questionnaire for assessment of chronic pain after groin
hernia repair. Br J Surg 2008;95:488-93.

21. Gjeilo KH, Stenseth R, Klepstad P. Risk factors and early
pharmacological interventions to prevent chronic postsur-
gical pain following cardiac surgery. Am J Cardiovasc Drugs
2014;14:335-42.

22. Simanski CJ, Althaus A, Hoederath S, Kreutz KW,
Hoederath P, Lefering R, et al. Incidence of chronic post-
surgical pain (CPSP) after general surgery. Pain Med
2014;15:1222-9.
23. Kehlet H, Jensen TS, Woolf CJ. Persistent postsurgical
pain: risk factors and prevention. The Lancet 2006;367:
1618-25.

24. Westin L, Wollert S, Ljungdahl M, Sandblom G,
Gunnarsson U, Dahlstrand U. Less pain 1 year after total
extra-peritoneal repair compared with Lichtenstein using
local anesthesia: data from a randomized controlled clinical
trial. Ann Surg 2016;263:240-3.

25. Langeveld HR, van’t Riet M, Weidema WF, Stassen LP,
Steyerberg EW, Lange J, et al. Total extraperitoneal inguinal
hernia repair compared with Lichtenstein (the LEVEL-
Trial): a randomized controlled trial. Ann Surg 2010;251:
819-24.

26. Joshi GP, Rawal N, Kehlet H, PROSPECT collaboration,
Bonnet F, Camu F, et al Evidence-based management of
postoperative pain in adults undergoing open inguinal her-
nia surgery. Br J Surg 2012;99:168-85.

27. Karanikolas M, Aretha D, Tsolakis I, Monantera G,
Kiekkas P, Papadoulas S, et al. Optimized perioperative
analgesia reduces chronic phantom limb pain intensity,
prevalence, and frequency: a prospective, randomized, clin-
ical trial. Anesthesiology 2011;114:1144-54.

28. Kalliomaki ML, Sandblom G, Gunnarsson U, Gordh T.
Persistent pain after groin hernia surgery: a qualitative anal-
ysis of pain and its consequences for quality of life. Acta
Anaesthesiol Scand 2009;53:236-46.

29. Langeveld HR, Klitsie P, Smedinga H, Eker H, Van’t Riet M,
Weidema W, et al. Prognostic value of age for chronic post-
operative inguinal pain. Hernia 2015;19:549-55.

30. Gerbershagen HJ, Ozgur E, Dagtekin O, Straub K, Hahn M,
Heidenreich A, et al. Preoperative pain as a risk factor for
chronic post-surgical pain - six month follow-up after radical
prostatectomy. Eur J Pain 2009;13:1054-61.

31. Tsirline VB, Colavita PD, Belyansky I, Zemlyak AY,
Lincourt AE, Heniford BT. Preoperative pain is the stron-
gest predictor of postoperative pain and diminished qual-
ity of life after ventral hernia repair. Am Surg 2013;79:
829-36.

32. Novik B, Nordin P, Skullman S, Dalenback J, Enochsson L.
More recurrences after hernia mesh fixation with short-
term absorbable sutures: a registry study of 82 015 Lichten-
stein repairs. Arch Surg 2011;146:12-7.

http://refhub.elsevier.com/S0039-6060(16)30428-7/sref13
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref13
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref13
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref14
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref14
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref14
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref14
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref15
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref15
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref15
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref15
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref16
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref16
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref16
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref16
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref17
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref17
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref17
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref17
http://www.socialstyrelsen.se/register/registerservice/nationellakvalitetsregister/svensktbrackregister-nationell
http://www.socialstyrelsen.se/register/registerservice/nationellakvalitetsregister/svensktbrackregister-nationell
http://www.socialstyrelsen.se/register/registerservice/nationellakvalitetsregister/svensktbrackregister-nationell
http://svensktbrackregister.se/en/
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref20
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref20
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref20
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref20
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref21
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref21
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref21
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref21
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref22
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref22
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref22
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref22
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref23
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref23
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref23
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref24
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref24
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref24
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref24
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref24
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref25
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref25
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref25
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref25
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref25
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref26
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref26
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref26
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref26
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref27
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref27
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref27
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref27
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref27
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref28
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref28
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref28
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref28
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref29
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref29
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref29
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref30
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref30
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref30
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref30
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref31
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref31
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref31
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref31
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref31
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref32
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref32
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref32
http://refhub.elsevier.com/S0039-6060(16)30428-7/sref32

	Impact of postoperative complications on the risk for chronic groin pain after open inguinal hernia repair
	Material and methods
	Statistical analysis

	Results
	Discussion
	References


