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Severe persistent pain after groin hernia repair impairs quality-of-life. Prospective, consecutive cohort study including patients with
pain-related impairment of physical and social life. Relevant surgical records were obtained, and examinations were by standardized
clinical and neurophysiological tests. Patients demonstrating pain sensitivity to pressure algometry in the operated groin underwent
re-surgery, while patients with neuropathic pain received pharmacotherapy. Questionnaires at baseline (Q0) and at the 5-year time
point (Q5Y) were used in outcome analyses of pain intensity (numeric rating scale [NRS] 0–10) and pain-related effect on the activityof-daily-living (Activities Assessment Scale [AAS]). Data are mean (95% CI).
Analyses were made in 172/204 (84%) eligible patients. In 54/172 (31%) patients re-surgery (meshectomy/selective neurectomy)
was performed, while the remaining 118/172 (69%) patients received pharmacotherapy. In the re-surgery group, activity-related, and
average NRS-scores at Q0 were 6.6 (5.6–7.9) and 5.9 (5.6–5.9), respectively. Correspondingly, NRS-scores at Q5Y was 4.1 (3.3–
5.1) and 3.1 (2.3–4.0; Q0 vs. Q5Y: P < .0005), respectively. Although both groups experienced a signiﬁcant improvement in AASscores comparing Q0 vs. Q5Y (re-surgery group: 28% (4–43%; P < .0001); pharmacotherapy group: 5% (0–11%; P = .005)) the
improvement was signiﬁcantly larger in the re-surgery group (P = .02).
This 5-year cohort study in patients with severe persistent pain after groin hernia repair signals that selection to re-surgery or
pharmacotherapy, based on examination of pain sensitivity, is associated with signiﬁcant improvement in outcome. Analyzing
composite endpoints, combining pain and physical function, are novel in exploring interventional effects.
ClinicalTrials.gov Identiﬁer NCT03713047
Abbreviations: AAS = Activities Assessment Scale, ADL = Activities of Daily Living, GHR = groin hernia repair, HADS = Hospital

(A = anxiety; D = depression) Scale, NRS = Numeric Rating Scale, PCS = Pain Catastrophizing Scale, PPP = Persistent Postsurgical
Pain, Q0 = questionnaire at baseline, Q5Y = questionnaire at 5-year time point, QST = quantitative sensory testing, RCT =
randomized controlled trial.
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1. Introduction

2. Methods

Severe persistent postsurgical pain (PPP) after groin hernia repair
causes psychophysical disability and impairs quality-of-life for a
considerable number of individuals each year.[1–3] In the USA
600,000 groin hernia repairs (GHR) are performed annually, and
a conservative estimate is that 2%, corresponding to 12,000
individuals, each year will develop this debilitating pain
condition.[4,5] The management of PPP often requires multidisciplinary efforts.[1,6,7] Several surgical procedures have suggested
substantial pain-relieving effects in PPP,[1,8] however, few wellpowered, controlled studies have been presented.[9,10] In
pharmacological and neuromodulation procedures, most studies
are still case-based or uncontrolled.
In 2010, the authors established a dedicated tertiary national
center for PPP-patients. The objectives were, ﬁrst, to analyze
the pathophysiological mechanisms behind the pain, second,
to implement optimal medical and surgical pain treatment and
third, to perform clinical randomized controlled-research
projects. Standardized clinical and neurophysiological tests
guided the management paradigm for each patient. Individuals
with a high pain sensitivity to pressure algometry in the
primary surgical area were allocated to re-surgery, while
individuals with a predominant neuropathic component were
allocated to pharmacotherapy. Treatment outcomes were
evaluated prospectively using baseline questionnaires (Q0)
and a 5-year questionnaire (Q5Y) mailed at the end of 2014 to
all patients.
The focus of the present consecutive follow-up cohort of 222
patients, was ﬁrst, to present clinical, neurophysiological and
psychometric data on PPP-patients based on Q0. Second, to
evaluate the functional and pain-related outcomes of re-surgery
or pharmacotherapy determined based on Q5Y.

2.1. Research ethics
The study protocol was approved by the Regional Committee on
Health Research Ethics (H-2–2011-023 [NCT03713047]) and
the Danish Data Protection Agency (2012-41-0008). Patients
were included after informed written consent (Fig. 1).
2.2. Center: structure and organization
The center was staffed by a senior anesthesiologist specialized in
pain management (MUW) and clinical research associates (EKJ,
JMB, TKR). All patients were examined by MUW. Two senior
hernia surgeons (HK, JR) were afﬁliated as consultants
evaluating patients eligible for surgery and in addition performing the re-surgical procedures.
2.3. Referral
PPP-patients were referred according to the Danish Hernia
Database’ website[11] (http://www.herniedatabasen.dk/; Supplemental Digital Content 1; http://links.lww.com/MD/D169;
Fig. 2). Principal requirements for admission to the center were
PPP (activity-related or maximal pain intensity >7 NRS-scores
[numeric rating scale 0-10]) and PPP-related serious impairment
of working and social life.
2.4. Ambulatory Visit
2.4.1. Baseline questionnaire (Q0). Before the ambulatory
visit the patient completed a descriptive questionnaire (Q0) on
characterization, intensity (NRS; resting/average/activityrelated/maximal) and site of pain, pain-related groin hernia

Figure 1. A ﬂow diagram of patients with severe persisting pain after groin hernia repair (PPP) referred consecutively to the national center from January 1, 2010, to
December 31, 2014. The overall response rate to the 5-year questionnaire was 84% (172/204). Re-surgeries were performed in 33% (67/204) of the patients
(anterior/laparoscopically assisted surgeries = 62/5). The response rate in the re-surgical group was 81% (54/67). The response rate in the pharmacotherapy group,
representing 67% (137/204) of the patients, was 86% (118/137; P = .45).
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Figure 2. Algorithm illustrating the patient-ﬂow (n = 204) following referral from the surgeon or the general practitioner (GP) to the national center (Pain Center) for
severe persistent pain after groin hernia repair. Blue ﬁlled circles indicate patient ﬂows into the Pain Center. The brown ﬁlled circles indicate patient ﬂows out from the
Pain Center and the white circles patients receiving re-surgery. At the Pain Center, 136 patients were undergoing medical treatment or were included in scientiﬁc
trials at the time of completion of the 5-year questionnaire (Q5Y). Patients with signiﬁcant psychosocial issues or with failing pharmacotherapy were referred to the
multidisciplinary pain center (M-D Center) for multidisciplinary pain therapy.

[Supplemental Digital Content 4, http://links.lww.com/MD/
D169]) of both groins and a control area on the lower arm,
were performed, as previously described in detail.[15,16]

speciﬁc Activities of Daily Living (ADL)-function scores (Activities Assessment Scale [AAS];[12] Supplemental Digital Content 2,
http://links.lww.com/MD/D169) and psychometrics (Hospital
Anxiety and Depression Scale [HADS],[13] Pain Catastrophizing
Scale [PCS][14]). AAS-scores were summed for speciﬁc activities
(AASA-D) and overall activities (AASE-H). Cut-off scores for
HADS and PCS are indicated in Supplemental Digital Content 2,
http://links.lww.com/MD/D169.

2.5. Pathophysiological analysis
Our understanding of the pathophysiology of PPP is still in a
formative phase making a differentiation between an inﬂammatory or neuropathic pain origin difﬁcult.[17–19] The authors,
therefore, used the terms inﬂammatory and neuropathic
“components” signifying deep and cutaneous pathological
sensory constituents, respectively.
The analysis was based on a pragmatic examination algorithm
(Fig. 3): if the patient upon gentle palpation experienced distinctly
tender areas in the groin at or near the superﬁcial inguinal ring or
along the spermatic cord, corroborated by signiﬁcantly decreased
pressure algometry thresholds in the area compared to
contralateral groin, a tentative diagnosis of a deep inﬂammatory
“component” was made. The QST-requirement for an inﬂammatory “component” was a pressure algometry pain threshold

2.4.2. Medical records and interview. Complete surgical
records of primary groin hernia procedures and relevant results
of previous scans were acquired. A structured medical interview
emphasizing the functional and psychosocial consequences of the
PPP was performed.
2.4.3. Clinical and neurophysiological examinations. A
standardized physical examination of the groin areas and the
external genitals were carried out (Supplemental Digital Content
3, http://links.lww.com/MD/D169). Finally, a neurophysiological examination including sensory mapping and quantitative
sensory testing (QST; mechanical and thermal thresholds;

Figure 3. Examination algorithm regarding the presence of inﬂammatory and neuropathic components in the primary surgical area (see text for detailed
explanation).
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(PPT) difference, compared to the contralateral side >50 kPa
(PPT<150 kPa) or >100 kPa (PPT >150 kPa) (Supplemental
Digital Content 4, http://links.lww.com/MD/D169). The deep
tissue tenderness was anticipated to relate to a “meshoma”, an
entrapped or dilated spermatic cord, a neuroma or a combination
of these. If pain characteristics included evoked sensory
symptoms (allodynia, hyperalgesia), projected pain in an area
with a neuroanatomically plausible distribution and signs of
sensory dysfunction (increased thermal and pinprick thresholds,
temporal summation phenomena [Supplemental Digital Content
4, http://links.lww.com/MD/D169]), a neuropathic “component” was inferred.[20] The QST-requirements for a neuropathic
“component” were fulﬁllment of at least 3 of the 4 criteria, using
the contralateral side as a control:

2.8. Five-year questionnaire
The 5-year questionnaire (Q5Y) was an abbreviated and
modiﬁed version of Q0. The Q5Y was delivered to the patient
by conventional mail. If a response was not obtained after 2
months, re-mailing followed by telephone contact was tried. If no
contact was established or participation was refused, the patient
was excluded.
The Q5Y contained the following parts:
1) pain characteristics (intensity, pattern, localization on an
anatomical chart)
2) use of analgesics (drug type, treatment efﬁcacy)
3) pain-related impairment of ADL-function (modiﬁed AASscores).[12,25]

1) >3 increased thermal thresholds (CDT, WDT, HPT, CPT
[detection thresholds: >1°C; pain thresholds: >2C°])
2) reduced numerical difference between tactile pain threshold and
tactile detection threshold (D[TPT-TDT]; <2 ordinal values)
3) temporal summation (i.e., “wind-up phenomenon”): >2 NRSvalues pain during repetitive pinprick or brush stimulation
4) aftersensation: pain >60 s after cessation of repetitive pinprick
or brush stimulation.

2.9. Data handling
Data were manually transferred from questionnaires into a
database (Microsoft Access 2013, Microsoft, Redmond). Data
entries were conﬁrmed by 2 independent observers.
2.10. Statistical procedures
Data distribution was checked for normality with standard tests
and by visual inspection of residual plots. Overall data analyses
were made with 2-way repeated measures analysis of variance
(ANOVA) (groups: Q0 vs. Q5Y j re-surgery vs. pharmacotherapy; factors: pain intensity [NRS-scores], ADL-function [AASscores]). In ANOVAs indicating statistical signiﬁcance, paired or
un-paired sample t tests, or non-parametric signed-rank tests
depending on data distribution, were used. Fisher’s exact test was
used in the analysis of contingency tables.
The fractional changes in pain intensity (summed NRS-scores)
and ADL-function (summed AAS-scores) were calculated as:

Clinical signiﬁcant psychosocial factors were evaluated by the
medical interview and the psychometrics.
2.6. Treatment
2.6.1. Pharmacological management. Primarily, treatment
with capsaicin (8%) patches[21] or systemically administered
drugs targeted at neuropathic pain were tried.[22–24] Patients with
signiﬁcantly interfering psychosocial issues were referred to a
multidisciplinary pain center (Fig. 2).
2.6.2. Re-surgery. The decision to perform re-surgery was based
on validation of a signiﬁcant inﬂammatory “component” and
fulﬁllment of the referral criteria (cf. above), by the surgeons (HK,
JR) performing all surgeries. The anterior surgical procedure was
performed through the prior groin incision, and complete resection
of the mesh and the suture material was performed (as previously
described in detail).[25] In the case of visually conﬁrmed nerve
entrapment by the mesh, scar tissue, sutures, or staples, the
involved nerve was transected 3 to 5 cm rostrally to the lesion, and
tissue samples were sent for histopathological veriﬁcation. A
conventional Bassini repair was performed after mesh removal.
The posterior re-surgical procedure was performed with a
laparoscopic transabdominal preperitoneal technique. Total
meshectomy was attempted in all patients, but in 3 laparoscopic
patients, only a partial removal of the mesh could be obtained
because of ingrowth in vital structures such as the iliac vein. Most
permanent tacks were removed under intraoperative radiologic
guidance. Peritoneal coverage of the groin area could be obtained
in 3 patients, and in these patients peritoneal closure was done with
ﬁbrin sealant. In 2 patients the peritoneum could not be closed and
the groin area was left uncovered. A new mesh was not inserted.

NRSQ0  NRSQ5Y
AASQ0  AASQ5Y
and
NRSQ0
AASQ0
The fractional scores, AAS vs. NRS, were analyzed by simple
linear correlation and regression techniques. In the predictive
analyses, multiple regression was applied to predict the
dependent variables, AAS (AASA-D-scores, AE-H-scores), contentment (NRS: diagnosis and the management; Q5Y), and pain
intensity (NRS: Q5Y; D[Q0 – Q5Y]) from the independent
variables: age, re-surgery (posterior/anterior), gender, pain
intensity (NRS), primary procedure (laparoscopic procedure/
Lichtenstein technique/other), pathophysiologic “components”
(inﬂammatory/neuropathic/mixed/other), psychometrics (Hospital Anxiety and Depression Scale—Anxiety [HADS-A]/ Hospital
Anxiety and Depression Scale—Depression [HADS-D]/PCS),
time (from primary repair to Q0 and from Q0 to Q5Y).
The level of signiﬁcance was set at P <.05. Data are given as
mean or median (95% CI).

3. Results

2.7. Follow-up

3.1. General characteristics

The re-surgical group was followed by repeat questionnaires,
identical to Q0, at 3, 6, 12, 24, 36, and 60 months after the
procedure, as previously reported.[25] The pharmacotherapy
group was followed by phone by the senior pain specialist
(MUW), prescribing dose-adjustments or drug-changes obtaining
the optimal therapeutic result.

The total number of consecutively referred patients, from January
1, 2010, to December 31, 2014, was 222 (Fig. 1). Eligible patients
(n = 204) were divided into a re-surgical group (n = 67 [anterior/
laparoscopically assisted surgeries = 62/5]) and a pharmacotherapy group (n = 137). The Q5Y-response rates for the re-surgery
4
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Table 1
Resting, average, activity-related, and maximal pain intensity scores.
Pain at Rest
Q0 all patients
- Q0 re-surgery
- Q0 pharmacotherapy
Q5Y all patients
- Q5Y re-surgery
- Q5Y pharmacotherapy

4.1
4.2
4.1
1.8
1.9
3.3

Average Pain

∗∗∗∗

(3.8–4.5)
∗∗∗∗/n.s.
(3.7–4.8)
∗∗∗∗/
(3.7–4.6)
(1.4–2.3)
∗
(1.3–3.3) /
(2.6–4.1)

5.5
5.9
5.3
3.0
3.1
2.9

∗∗∗∗

(5.2–5.9)
∗∗∗∗/n.s.
(5.6–5.9)
∗∗∗∗/
(4.9–5.8)
(2.5–3.6)
(2.3–4.0) /n.s.
(2.3–3.7)

Activity-related Pain
6.3
6.6
5.9
3.5
4.1
3.3

∗∗∗∗

(5.9–6.7)
∗∗∗∗/n.s.
(5.6–7.9)
∗∗∗∗/
(5.4–6.4)
(2.9–4.2)
(3.3–5.1) /n.s.
(2.6–4.1)

Maximal Pain
7.8
8.6
7.5
4.9
5.6
4.6

∗∗∗∗

(7.5–8.2)
∗∗∗∗/∗∗∗
(8.3–9.0)
∗∗∗∗/
(7.0–8.0)
(4.1–5.9)
(4.6–7.0) /n.s.
(3.6–5.8)

Resting, average, activity-related and maximal pain intensity scores from the baseline questionnaire (Q0) and the 5-year questionnaire (Q5Y) (NRS, 0 to 10; data logarithmically transformed and back-transformed,
geometric mean (95% CI), paired or unpaired t tests, as appropriate). Pain scores with NRS-values of 0 were transformed to 0.1 prior to the logarithmic procedure. Comparisons between Q0 and Q5Y for all
patients, divided into re-surgical and pharmacotherapy groups, are indicated by the ﬁrst superscript position. Comparisons between the re-surgical and pharmacotherapy groups, within Q0 and Q5Y are indicated
by the second superscript position (preceded by a forward slash). Complete, comparable pain scores (Q0 and Q5Y), were obtained from the responders in 98% (53/54) of the re-surgical group and in 92% (109/
∗
∗∗
∗∗∗
∗∗∗∗
118) of the pharmacotherapy group. n.s. = non-signiﬁcant; P <.05; P <.01;
P <.005;
P <.0005.

right-sided in 56% (115/204), left-sided in 30% (61/204) and
bilaterally in 14% (28/204). Pain intensity NRS-scores are
presented in Table 1.

and the pharmacotherapy groups were 81% and 86%,
respectively (P = .45).
The gender ratio (M/F) was 13.6 (190/14), and the median age
was 50.1 (49.0–53.8) yrs. Time from the primary surgical
procedure related to the development of PPP to the ﬁrst
ambulatory visit in the center was median 1.8 (0.8–4.0) yrs
with a range of 0.5 to 22.0 yrs. The time from the ﬁrst visit at the
center (Q0) to the response to the 5-year questionnaire (Q5Y)
was median 2.2 (1.9–2.8) yrs with a range of 0.2 to 4.9 yrs.

3.2.3. Pathophysiological analyses. The clinical and neurophysiological examinations showed that 48% (98/204) experienced a mixed inﬂammatory and neuropathic PPP “component”,
25% (50/204) an inﬂammatory “component”, 11% (23/204) a
neuropathic “component”, and 16% (33/204) with no inﬂammatory or neuropathic “components”. Interestingly, 98% (199/
204) demonstrated signs of sensory dysfunction in the groin,
external genitalia, lower abdomen, or the anteromedial aspect of
the thigh.

3.2. Baseline characteristics (Q0)
3.2.1. Surgical record. The initial repairs considered to be
pathophysiologically related to the development of PPP were an
anterior procedure in 80% (164/204), a laparoscopic procedure
in 18% (37/204) and undecided, due to repeat surgeries in 1% (3/
204). The anterior procedures were Lichtenstein 78% (160/204),
mesh-and-plug 1% (2/204) and Onstep 1% (2/204). The
laparoscopic procedures were by transabdominal preperitoneal
repairs. The GHRs were primary in 87% (178/204) and due to
recurrence in 13% (26/204).
The GHR performed on the PPP-side (before referral) were
single repairs in 59% (121/204) of the patients, 2 repairs in 25%
(51/204), 3 repairs in 11% (22/204) and more than 4 repairs in
5% (10/204). Re-surgical procedures due to pain after the groin
hernia operation had been performed in 32% (66/204) before
referral.

3.2.4. Pain-related impairment in ADL-function (AASscores). The summed-scores of the speciﬁc activities (AASA-D:
lying in bed, sitting in a chair >30 min, climbing stairs, lifting 5 to
10 kg) and the overall activities (AASE-H: sedentary activities,
light physical activities, moderate physical activities, strenuous
physical activities) are presented in Table 2. Highly signiﬁcant
differences were demonstrated between single activity levels
(A-D: P < .005; E-H: P <.0001).
3.2.5. Psychometrics. Median HADS-A scores were 6.0 (5.0–
7.0). HADS-A scores indicating probable or deﬁnite anxiety were
seen in 19% (30/154) and 16% (25/154), respectively. Median
HADS-D scores were 4.0 (3.0–5.0). HADS-D scores indicating
probable or deﬁnite signs of depression were seen in 17% (24/
138) and 13% (18/138), respectively. Mean PCS scores were 23.2
(21.2–25.2). PCS scores indicating catastrophizing behavior were
seen in 30% (46/155).

3.2.2. Pain characteristics. Regarding the pain trajectories,
76% (156/204) experienced the onset of PPP immediately after,
4% (9/204) weeks after, 10% (21/204) months after and 9% (18/
204) years after, the primary surgical procedure. The PPP was

Table 2
Summed scores of the Activities Assessment Scale (AAS).
Baseline Questionnaire (Q0)
Activities A-D
Activities E-H
All patients
- re-surgery
- pharmacotherapy

∗∗∗∗∗

(n = 161)
10.0 (10.0–11.0)
∗∗∗∗
(n = 50)
11.0 (10.0–12.0)
∗
10.0 (10.0–11.0) (n = 111)

∗∗∗∗∗

12.0 (12.0–13.0)
(n = 161)
∗∗∗
13.0 (12.0–14.0) (n = 50)
∗
12.0 (11.0–13.0) (n = 111)

Five-year Questionnaire (Q5Y)
Activities A-D
Activities E-H
9.0 (8.0–10.0) (n = 161)
8.0 (6.6–10.0) (n = 50)
10.0 (8.0–11.0) (n = 111)

11.0 (10.0–12.0) (n = 50)
10.0 (8.0–12.0) (n = 50)
11.0 (10.0–12.0) (n = 111)

Summed scores of the Activities Assessment Scale (AAS; cf. text (3.2.4) and Table 1) for the speciﬁc activities A-D and the overall activities E-H, from the baseline questionnaire (Q0) and 5-year questionnaire
(Q5Y), split into all patients, the re-surgical group and the pharmacotherapy group. The longitudinal comparisons are between Q0 and Q5Y, indicating a highly signiﬁcant decrease in AAS-scores, particularly
regarding the re-surgical group.
∗
P <.05.
∗∗∗
P <.005.
∗∗∗∗
P <.0005.
∗∗∗∗∗
P <.0001.
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ADL-functions (AASA-D: R2 = 0.34 [P = .003], and, AASE-H: R2 =
0.20 [P = .02]).

Simple regression analysis of HADS-A vs. HADS-D demonstrated a coefﬁcient of determination (R2) of 0.65 (P <.0001).
Multiple regression analysis (PCS vs. HADS-A or HADS-D)
demonstrated an R2 of 0.42 (P <.002) indicating an association
between the variables. Simple regression analysis of HADS-A vs.
HADS-D and multiple regression analysis PCS vs. HADS-A/
HADS-D demonstrated coefﬁcients of determination (R2) of 0.65
(P <.0001) and 0.42 (P <.002) respectively, indicating an
association between the variables.

3.4. Five-year vs. baseline questionnaires (Q5Y vs. Q0)
3.4.1. Pain intensity scores. Complete comparable pain NRSscores (Q0 and Q5Y) were obtained from 98% (53/54) of the resurgical group and 92% (109/118) of the pharmacotherapy
group. Signiﬁcant pain intensity differences between testing
conditions (pain at rest, average pain, activity-related pain,
maximal pain) were demonstrated at Q0 and Q5Y, respectively,
and, between Q0 and Q5Y (P <.00001; Table 1). A signiﬁcant
reduction in the summed scores between Q0 and Q5Y was
demonstrated (P <.0005; Fig. 4A). The decrease in NRS-scores
from Q0 to Q5Y did not differ between the re-surgery and the
pharmacotherapy groups (P = .07; Fig. 4A/B).

3.2.6. Analgesics. Forty-eight percent (82/172) of the patients
used analgesics on a daily basis (Supplemental Digital Content 5,
http://links.lww.com/MD/D169) and 37% (30/82), 37% (30/
82), and 27% (22/82) medicated with 1, 2, or 3 different drugs,
respectively.

3.4.2. Pain-related impairment (ADL-function). Comparing
Q0 vs. Q5Y, the AASA-D-scores and AASE-H-scores, respectively,
differed signiﬁcantly (P <.0001; Table 2), indicating improvement in the self-perceived physical function. The improvement in
summed AASA-H-scores was more pronounced in the re-surgery
group (28% [4–43%]) compared to the pharmacotherapy group
(5% [0–11%]; Fig. 4A/B; P = .02).

3.3. Five-year questionnaire (Q5Y)
3.3.1. Analgesics (re-surgery/pharmacotherapy groups).
Forty-six percent (25/54) of the re-surgery and 48% (57/118)
of the pharmacotherapy patients used analgesics on a daily basis
at Q5Y (Supplemental Digital Content 6, http://links.lww.com/
MD/D169).
3.3.2. Predictors (multiple regression analyses). The regression model demonstrated an inverse correlation between age and
magnitude of pain intensity scores (R2 = 0.279; P = .004).
Furthermore, HADS-A scores were a signiﬁcant predictor for

3.4.3. Correlation and regression analyses (composite
outcome analyses). Scatter diagrams of the regression analyses
of the fractional NRS-scores, and AAS-scores demonstrated 41%

Figure 4. (A, B). Upper panel row (A): median (95% CI) values for pain intensity (left panel) and ADL-function (right panel), in the re-surgical and pharmacotherapy
groups. The pain intensity given as summed NRS-scores (numeric rating scale [NRSsummed = NRSresting + NRSaverage + NRSactivity-related + NRSmaximal]) is presented
at Q0 and Q5Y. ADL-function assessed as summed AASA-H-scores (Activities Assessment Scale; activities A-H [Supplemental Digital Content 2, http://links.lww.
com/MD/D169]) is presented at baseline (Q0) and 5-year questionnaire (Q5Y). The higher the score, the more impairment in ADL-function (minimum score 8). Lower
panel row (B): clustered multiple variables graph for D(Q0-Q5) for summed pain intensity scores (left) and summed AAS-scores (left) in re-surgery vs.
pharmacotherapy group. A positive value indicates an improvement in pain and physical function. There was no difference between groups in NRS-scores (P = .07)
however a slight difference in AAS-scores was observed with higher ADL-function
in the re-surgery∗∗∗∗∗∗
group (P = .02). A rough “bimodal” data-clustering is suggested
∗∗
∗∗∗∗∗
by visual inspection of NRS-scores and AAS-scores in both groups. P < .01;
P < .0005;
P < .0001.
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Figure 5. Composite outcome analyses. Linear regression graphs of fractional changes in ADL-function (assessed by the summed scores of the modiﬁed Activities
Assessment Scale [AAS]) vs. fractional changes in pain intensity (assessed by the summed numeric rating scale [NRS] scores [please, consult the text for
explanation]), for the re-surgery group (left panel) and the pharmacotherapy group (right panel). The fractional changes for ADL-scores were calculated as
AASQ0 AASQ5Y
NRSQ0 NRSQ5Y
and for pain intensity as
(Q0 = baseline questionnaire; Q5Y = 5-year questionnaire). A fractional change >0 indicate improvement at Q5Y
AASQ0
NRSQ0
compared to Q0, while a fractional change <0 indicate a deterioration. The regression coefﬁcient in the re-surgery group was signiﬁcantly larger than in the
pharmacotherapy group (0.71 [0.45 to 0.96] vs. 0.35 [0.17 to 0.52]; P = .03).

4.1. Pathophysiology behind PPP

of the variance in AAS-scores was explained by the NRS-scores in
the re-surgery group vs. 13% in the pharmacotherapy group
(Fig. 5; Supplemental Digital Content 7, http://links.lww.com/
MD/D169). The regression slope in the re-surgery group was
signiﬁcantly steeper than in the pharmacotherapy group (P = .03)
conﬁrming a better ADL-outcome per increment pain reduction
compared to the pharmacotherapy group.

Groin surgery consistently demonstrates sensory dysfunction,
indicating peripheral nerve damage.[17,26] However, only a
minority of individuals proceed to develop persistent postsurgical
pain. A recent histopathological study in explanted meshes
demonstrated neo-innervation of nerve ﬁbers and a signiﬁcantly
higher nerve ﬁber density in specimens obtained due to pain than
after re-surgery for a non-pain hernia recurrence.[18] Another
recent study summarized that an inﬂammatory response may be
the most important for the development of PPP.[19] Our analyses
based on interpretation of quantitative sensory assessments
indicated a mixed inﬂammatory and neuropathic “component”
in 48%, an inﬂammatory “component” in 25%, a neuropathic
“component” in 11% and were undecided in 16%. Nearly all
patients irrespective of the primary surgical procedure demonstrated signs of sensory dysfunction. In a recent PPP-study using a
pain questionnaire (Douleur Neuropathique 4 [DN4]), 30% had
probable or deﬁnite neuropathic pain.[5] Using the Leeds
Assessment of Neuropathic Symptoms and Signs (LANSS) scale
a probability of 50% for neuropathic pain was reported.[27] Our
data infer that signs of sensory dysfunction in a PPP-patient do
not necessarily imply a neuropathic pain state.

3.4.4. Sub-group analysis (pharmacotherapy group). Comparing the non-medication with the medication group signiﬁcantly larger decreases in D(Q0-Q5Y)NRS and D(Q0-Q5Y)AAS
(summed values) were demonstrated in the non-medicationgroup (Supplemental Digital Content 8, http://links.lww.com/
MD/D169).
3.4.5. Predictors (multiple regression analyses; re-surgery/
pharmacotherapy groups). The regression model demonstrated
that time between Q0 and Q5Y, contentment with management
(Supplemental Digital Content 7 and 9, http://links.lww.com/MD/
D169), and primary procedure (Lichtenstein vs. other surgical
procedures) inversely predicted summed D(Q0-Q5Y)NRS-values
(R2 = 0.137; P = .001).

4. Discussion

4.2. Pharmacotherapy in PPP

This longitudinal prospective study contains descriptive characteristics and management outcomes for 172/204 eligible patients
with severe persistent pain after groin hernia repair, referred to a
dedicated national PPP-center. Main ﬁndings are ﬁrst, that in
patients allocated to receive re-surgery or pharmacotherapy,
based on pain sensitivity in the operated groin, signiﬁcant
improvements in pain intensity and ADL-function are demonstrated. Second, in patients allocated to re-surgery, the recovery
in ADL-function is enhanced. Third, a substantial number of
patients will experience spontaneous improvement irrespective of
treatment allocation.

Severe persistent pain after GHR is generally considered
neuropathic of origin[28] although the exact potential role of
nerve injury is unknown.[29] Neuromodulation techniques,
inﬁltration blocks and drug therapy have been advocated, but
only 5 RCTs are available: 2 on inﬁltration blocks[16,27] and 3 on
drug therapies.[21,30,31]
4.3. Re-Surgical procedures in PPP
Neurectomy,[32] mesh removal with selective neurectomy,[25,33]
retroperitoneal triple neurectomy,[2,34,35] or a combined anterior
7

Jensen et al. Medicine (2019) 98:33

Medicine

and laparoscopic approach[36] are advocated procedures. No
outcome studies across surgical techniques have been presented.[1] A recent controlled study, however, demonstrated a
signiﬁcantly better outcome of selective neurectomy vs. local
anesthetic injection therapy.[27]

0.05),[46] in contrast to the present study where the correlation
between the fractional changes in pain intensity and ADLfunction in the re-surgery group was considerably higher (R2 =
0.44). However, it should be realized that the non-randomized
design in the present study, warrants caution in interpreting
statistical differences between the re-surgery and pharmacotherapy groups.

4.4. Baseline characterization (Q0)
The demographics are consistent with the GHR-population[37]
except for younger age (50.1 vs. 66.1 yrs) documented in
previous PPP-research.[38] The surgical record and PPPintensity details are in agreement with recently published
data.[9,27] The QST-method has previously been used to
characterize PPP-patients,[26,39] but the present study is the
largest using the method in an attempt to interpret the
pathophysiological aspects. Unfortunately, the QST-method
did not demonstrate any speciﬁc mechanism or any predictive
potential in PPP.

4.7. Strengths of the study
First, our study illustrates a neat cooperation with pain specialists
and experienced surgeons with a fairly good outcome regarding
pain and ADL-function, particularly in the re-surgery group
(Fig. 5).[47] In comparison, a randomized, controlled 12 months
outcome study of drug treatment in chronic neuropathic pain in a
tertiary center showed that less than 25% attained clinically
signiﬁcant improvement in pain and function.[48]Second, a
limited number of investigators collected clinical data (MUW)
and QST-data (TKR, EKJ), and, performed the re-surgery
procedures (HK, JR), decreasing data variability. Third, extensive information on clinical, physical function, psychometrics,
and sensory variables enabled construction of putative pathophysiological proﬁles, guiding pragmatic pain management.
Fourth, the study was well-powered, prospective in design, with
responder rates >80% and a median follow-up period >2 yrs.
Fifth, composite outcome analyses assessments of pain and
physical function are recommended in studies of chronic postsurgery pain.[44,49]

4.5. Pharmacotherapy group (Q5Y vs. Q0)
Pain intensity scores (NRS) and ADL-function scores (AAS)
improved signiﬁcantly in the present non-medication (57%) vs.
medication (43%) sub-groups (P <.0001). It is generally believed
that analgesic therapy is a symptomatic treatment only masking
pain perception until, eventually, tissue regeneration allows
normalization of sensory functions.[40]
Thus, it seems reasonable to conclude that the improvement in
pain intensity and ADL-function in the non-medication subgroup may represent spontaneous recovery. A change in pain
phenotype, that is, a spontaneous decrease in pain intensity, has
been reported in other longitudinal post-surgical studies, in
GHR,[41] and breast cancer.[42,43]
The level of recovery in the non-medication subgroup
regarding pain intensity (average NRS) and ADL-function
(summed AAS) was 40% and 22%, respectively. In comparison,
in neuropathic pain trials, the baseline pain intensity is at least 5
(NRS),[44] and the measure of analgesic efﬁcacy corresponds to at
least a 30% reduction in pain intensity,[45] which is in accordance
with the non-medication-subgroup.

4.8. Limitations of the study
First, confounding is likely, due to lack of blinding and
randomization with regard to re-surgical or pharmacotherapy.
As an example, baseline Q0 maximal pain intensity was
signiﬁcantly higher in the re-surgery group compared to the
pharmacotherapy group. This could hypothetically be explained
either by higher pain intensity in PPP-states with a signiﬁcant
inﬂammatory “component” or that a high pain intensity per se
may inﬂuence the surgical decision of undertaking a re-surgery
procedure. Second, the study is questionnaire-based, and
although all Q0-data were validated during the ﬁrst ambulatory
visit, Q5Y-data are subject to recall bias. In a test-retest
dichotomized questionnaire in PPP a moderate reliability was
found (Cohen’s k = 0.58).[37]

4.6. Re-Surgery vs. pharmacotherapy group (Q5Y vs. Q0)
Comparing treatment efﬁcacies between the re-surgery and
non-medication pharmacotherapy group, the level of recovery
in the former regarding pain intensity (average NRS) and ADLfunction were 48% and 28%, respectively. Analyzing these
data as composite endpoints, a recent pharmacological review
in non-surgical neuropathic pain reported a responder
outcome of at least 20% improvement in pain intensity and
at least 30% improvement in physical function, represented
signiﬁcant changes in RCTs.[46] From a surgical point of
view, this is quite intriguing. While the outcome in pain relief
did not differ between the re-surgery and non-medication
pharmacotherapy subgroup, the composite responder outcome
showed a statistically signiﬁcant difference in favor of a resurgery procedure. Composite endpoints, combining pain and
physical function, is a dynamic way of exploring interventional
effects and may even improve assay sensitivity in research
issues.[46]
Furthermore, in the neuropathic pain review[46] the correlation
between pain and physical outcome was rather weak (R2 =

5. Conclusion
Our data corroborate the role of re-surgery in patients with severe
persistent pain after groin hernia repair with an inﬂammatory
“component”. Composite responder analyses showed a better
outcome for the re-surgery group regarding pain and physical
function. However, the spontaneous recovery demonstrated in
the pharmacotherapy group is an incentive to develop more
efﬁcacious non-interventional therapies.

Author contributions
Conceptualization: Elisabeth Kjær Jensen, Thomas K. Ringsted,
Henrik Kehlet, Mads U. Werner.
Data curation: Elisabeth Kjær Jensen, Thomas K. Ringsted,
Joakim M. Bischoff, Jacob Rosenberg, Henrik Kehlet, Mads
U. Werner.
8

Jensen et al. Medicine (2019) 98:33

www.md-journal.com

[19] Gil D, Rex J, Cobb W, et al. Anti-inﬂammatory coatings of hernia repair
meshes: a pilot study. J Biomed Mater Res B Appl Biomater
2018;106:589–97.
[20] Treede RD, Jensen TS, Campbell JN, et al. Neuropathic pain: redeﬁnition
and a grading system for clinical and research purposes. Neurology
2008;70:1630–5.
[21] Bischoff JM, Ringsted TK, Petersen M, et al. A capsaicin (8%) patch in
the treatment of severe persistent inguinal postherniorrhaphy pain: a
randomized, double-blind, placebo-controlled trial. PLoS One 2014;9:
e109144.
[22] Finnerup NB, Attal N, Haroutounian S, et al. Pharmacotherapy for
neuropathic pain in adults: a systematic review and meta-analysis. Lancet
Neurol 2015;14:162–73.
[23] Colloca L, Ludman T, Bouhassira D, et al. Neuropathic pain. Nat Rev
Dis Primers 2017;3:170021–19.
[24] HerniaSurge GroupInternational guidelines for groin hernia management. Hernia 2018;22:1–65.
[25] Bischoff JM, Enghuus C, Werner MU, et al. Long-term follow-up after
mesh removal and selective neurectomy for persistent inguinal
postherniorrhaphy pain. Hernia 2013;17:339–45.
[26] Aasvang EK, Brandsborg B, Jensen TS, et al. Heterogeneous
sensory processing in persistent postherniotomy pain. Pain 2010;150:
237–42.
[27] Verhagen T, Loos MJA, Scheltinga MRM, et al. The groinpain
trial: a randomized controlled trial of injection therapy versus
neurectomy for postherniorraphy inguinal neuralgia. Ann Surg
2018;267:841–5.
[28] Haroutiunian S, Nikolajsen L, Finnerup NB, et al. The neuropathic
component in persistent postsurgical pain: A systematic literature review.
Pain 2013;154:95–102.
[29] Freynhagen R, Baron R, Gockel U, et al. painDETECT: a new screening
questionnaire to identify neuropathic components in patients with back
pain. Curr Med Res Opin 2006;22:1911–20.
[30] Sen H, Sizlan A, Yanarates O, et al. The effects of gabapentin on acute
and chronic pain after inguinal herniorrhaphy. Eur J Anaesthesiol
2009;26:772–6.
[31] Bischoff JM, Petersen M, Uceyler N, et al. Lidocaine patch (5%) in
treatment of persistent inguinal postherniorrhaphy pain: a randomized,
double-blind, placebo-controlled, crossover trial. Anesthesiology
2013;119:1444–52.
[32] Nagarkar P, Ramanadham S, Chamseddin K, et al. Neurectomy for the
treatment of chronic postoperative pain after surgery of the trunk. Plast
Reconstr Surg 2017;139:204–11.
[33] Zwaans WA, Perquin CW, Loos MJ, et al. Mesh removal and selective
neurectomy for persistent groin pain following lichtenstein repair. World
J Surg 2017;41:701–12.
[34] Moore AM, Bjurstrom MF, Hiatt JR, et al. Efﬁcacy of retroperitoneal
triple neurectomy for refractory neuropathic inguinodynia. Am J Surg
2016;212:1126–32.
[35] Bjurstrom MF, Alvarez R, Nicol AL, et al. Quantitative validation
of sensory mapping in persistent postherniorrhaphy inguinal
pain patients undergoing triple neurectomy. Hernia 2017;21:
207–14.
[36] Rosen MJ, Novitsky YW, Cobb WS, et al. Combined open and
laparoscopic approach to chronic pain following open inguinal hernia
repair. Hernia 2006;10:20–4.
[37] Lundstrom KJ, Holmberg H, Montgomery A, et al. Patient-reported
rates of chronic pain and recurrence after groin hernia repair. Br J Surg
2018;105:106–12.
[38] Callesen T. Inguinal hernia repair: anaesthesia, pain and convalescence.
Dan Med Bull 2003;50:203–18.
[39] Aasvang EK, Kehlet H. The effect of mesh removal and selective
neurectomy on persistent postherniotomy pain. Ann Surg
2009;249:327–34.
[40] Binder A, Baron R. The pharmacological therapy of chronic neuropathic
pain. Dtsch Arztebl Int 2016;113:616–25.
[41] Reinpold WM, Nehls J, Eggert A. Nerve management and chronic pain
after open inguinal hernia repair: a prospective two phase study. Ann
Surg 2011;254:163–8.
[42] Gartner R, Jensen MB, Nielsen J, et al. Prevalence of and factors
associated with persistent pain following breast cancer surgery. JAMA
2009;302:1985–92.
[43] Mejdahl MK, Andersen KG, Gartner R, et al. Persistent pain and sensory
disturbances after treatment for breast cancer: six year nationwide
follow-up study. BMJ 2013;346:f18651–14.

Formal analysis: Elisabeth Kjær Jensen, Morten A. Petersen,
Mads U. Werner.
Investigation: Elisabeth Kjær Jensen, Thomas K. Ringsted,
Joakim M. Bischoff, Mads U. Werner.
Methodology: Elisabeth Kjær Jensen, Mads U. Werner.
Project administration: Elisabeth Kjær Jensen, Thomas K.
Ringsted, Mads U. Werner.
Supervision: Mads U. Werner.
Validation: Elisabeth Kjær Jensen, Morten A. Petersen, Mads U.
Werner.
Visualization: Elisabeth Kjær Jensen, Mads U. Werner.
Writing – original draft: Elisabeth Kjær Jensen, Mads U.
Werner.
Writing – review & editing: Elisabeth Kjær Jensen, Thomas K.
Ringsted, Joakim M. Bischoff, Morten A. Petersen, Jacob
Rosenberg, Henrik Kehlet, Mads U. Werner.
Elisabeth Kjær Jensen orcid: 0000-0002-7412-9013.

References
[1] Werner MU. Management of persistent postsurgical inguinal pain.
Langenbecks Arch Surg 2014;399:559–69.
[2] Campanelli G, Bruni PG, Morlachi A. Campanelli G, et al. Chronic pain
after inguinal hernia repair. Inguinal Hernia Surgery 2017;SpringerVerlag Italia;, 157-168.
[3] Nikkolo C, Kirsimagi U, Vaasna T, et al. Prospective study evaluating the
impact of severity of chronic pain on quality of life after inguinal
hernioplasty. Hernia 2017;21:199–205.
[4] SAGES (Society of American Gastrointestinal Endoscopic Surgeons).
Laparoscopic inguinal hernia repair surgery (patient information from
SAGES). SAGES Website 2019. Available at: http://www.sages.org/
publications/patient-information/patient-information-for-laparoscopicinguinal-hernia-repair-from-sages/ [access date October 9, 2018].
[5] Niccolai P, Ouchchane L, Libier M, et al. Persistent neuropathic
pain after inguinal herniorrhaphy depending on the procedure (open
mesh v. laparoscopy): a propensity-matched analysis. Can J Surg
2015;58:114–20.
[6] Cohen SP, Raja SN. Prevention of chronic postsurgical pain: the ongoing
search for the holy grail of anesthesiology. Anesthesiology
2013;118:241–3.
[7] Kehlet H, Roumen RM, Reinpold W, et al. Invited commentary:
persistent pain after inguinal hernia repair: what do we know and what
do we need to know. Hernia 2013;17:293–7.
[8] Chen DC, Hiatt JR, Amid PK. Operative management of refractory
neuropathic inguinodynia by a laparoscopic retroperitoneal approach.
JAMA Surg 2013;148:962–7.
[9] Magnusson N, Gunnarsson U, Nordin P, et al. Reoperation for persistent
pain after groin hernia surgery: a population-based study. Hernia
2015;19:45–51.
[10] Nikkolo C, Lepner U. Chronic pain after open inguinal hernia repair.
Postgrad Med 2015;1–7.
[11] Kehlet H, Bay-Nielsen M. Nationwide quality improvement of groin
hernia repair from the Danish Hernia Database of 87,840 patients from
1998 to 2005. Hernia 2008;12:1–7.
[12] McCarthy MJr, Jonasson O, Chang CH, et al. Assessment of patient
functional status after surgery. J Am Coll Surg 2005;201:171–8.
[13] Snaith RP. The hospital anxiety and depression scale. Health Qual Life
Outcomes 2003;1:1–4.
[14] Sullivan MJL, Bishop SR, Kivik J. The pain catastrophizing scale:
development and validation. Psych Assess 1995;7:524–32.
[15] Aasvang EK, Gmaehle E, Hansen JB, et al. Predictive risk factors for
persistent postherniotomy pain. Anesthesiology 2010;112:957–69.
[16] Bischoff JM, Koscielniak-Nielsen ZJ, Kehlet H, et al. Ultrasound-guided
ilioinguinal/iliohypogastric nerve blocks for persistent inguinal postherniorrhaphy pain: a randomized, double-blind, placebo-controlled,
crossover trial. Anesth Analg 2012;114:1323–9.
[17] Aasvang EK, Kehlet H. Persistent sensory dysfunction in pain-free
herniotomy. Acta Anaesthesiol Scand 2010;54:291–8.
[18] Bendavid R, Lou W, Grischkan D, et al. A mechanism of mesh-related
post-herniorrhaphy neuralgia. Hernia 2016;20:357–65.

9

Jensen et al. Medicine (2019) 98:33

Medicine

[48] Moulin DE, Clark AJ, Gordon A, et al. Long-term outcome of the
management of chronic neuropathic pain: a prospective observational
study. J Pain 2015;16:852–61.
[49] Dworkin RH, Turk DC, Peirce-Sandner S, et al. Research design
considerations for conﬁrmatory chronic pain clinical trials: IMMPACT
recommendations. Pain 2010;149:177–93.
[50] Wijayasinghe N, Ringsted TK, Bischoff JM, et al. The role of
peripheral afferents in persistent inguinal postherniorrhaphy pain: a
randomized, double-blind, placebo-controlled, crossover trial of
ultrasound-guided tender point blockade. Br J Anaesth 2016;116:
829–37.

[44] Taylor AM, Phillips K, Patel KV, et al. Assessment of physical function
and participation in chronic pain clinical trials: IMMPACT/OMERACT
recommendations. Pain 2016;157:1836–50.
[45] Derry S, Cording M, Wiffen PJ, et al. Pregabalin for pain in ﬁbromyalgia
in adults. Cochrane Database Syst Rev 2016;9:CD0117901–84.
[46] Patel KV, Allen R, Burke L, et al. Evaluation of composite responder
outcomes of pain intensity and physical function in neuropathic pain
clinical trials: an ACTTION individual patient data analysis. Pain
2018;159:2245–54.
[47] Hu QL, Chen DC. Approach to the Patient with Chronic Groin Pain.
Surg Clin North Am 2018;98:651–65.

10

