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Abstract: Background and Objectives: Quality of life (QoL) and chronic pain are important outcomes
following hernia surgery. The long-term effects of Transcutaneous Electric Nerve Stimulation (TENS)
on postoperative recovery are not well known. In this trial we investigated the role of TENS on
QoL and on the incidence of chronic pain following inguinal hernia repair with mesh. Materials
and Methods: A total of 80 male patients with elective primary unilateral hernia Lichtenstein repair
were randomly allocated to receive TENS or a placebo-TENS procedure. The TENS group received
conventional TENS twice a day on the first and second postoperative days. The intensity was set at
0–0.5 mA in the placebo-TENS group. General and hernia-specific QoL, as well as the incidence of
chronic pain were assessed using SF-36v2 and the Carolinas comfort scale. Results: Less sensation of
mesh was reported by the TENS group patients one week after surgery. At this time point, the mean
sensation score was 6.07 ± 8.88 in the TENS group and 14.08 ± 16.67 in the placebo-TENS group
(p = 0.029). Although at two days and one week postoperatively, TENS group patients tended to have
less pain, less movement restrictions and better overall hernia-specific QoL, the differences were not
statistically significant. At 6 months postoperatively, no incidence of chronic pain was found in either
the placebo-TENS or TENS group. Conclusions: Conventional TENS applied in the early postoperative
period following inguinal hernia repair with mesh was found to reduce mesh-related foreign body
sensation one week after surgery. Promising results were also found for other QoL domains.

Keywords: inguinal hernia; Transcutaneous Electric Nerve Stimulation; quality of life; chronic
postoperative pain; mesh sensation

1. Introduction

Inguinal hernia repair is one of the most common surgical procedures performed
today. The lifetime occurrence of inguinal hernia is 27–43% in men and 3–6% in women [1].
Open, tensionless repair techniques will be an important treatment for inguinal hernia
into the foreseeable future [2]. The Lichtenstein technique is considered to be the reference
standard for open inguinal hernia repair. Since the introduction of meshes, recurrence rates
have decreased to acceptable and consistent levels of 1–2% [3]. Considerable attention is
now directed towards preventing the development of chronic pain, which occurs in 4% to
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29% of patients. Chronic pain rates and quality of life (QoL) are the main outcome criteria
following hernia repair [4–10]. Moreover, these outcomes appear to be interrelated [11,12].
A variety of generic [13] and hernia-specific [14–16] questionnaires have been used to
evaluate QoL following hernia repair.

Pain is the most common complaint reported by patients following inguinal hernia
surgery [17]. One of the main risk factors thought to lead to chronic pain development
is acute postoperative pain [18]. Postoperative pain has neuropathic, nociceptive and
inflammatory origins [12,19,20]. Multimodal access to analgesia using a variety of anal-
gesic medications and techniques, combined with non-pharmacological interventions, is
recommended for postoperative pain treatment [21].

Transcutaneous electrical nerve stimulation (TENS) is a noninvasive, inexpensive
and easy to learn technique that is used to manage acute and chronic pain of nociceptive
and neuropathic origin [22,23]. TENS has a low risk of side-effects and the postoperative
analgesic benefit from this treatment has been demonstrated in previous studies following
various surgeries. However, the impact of TENS used early in the postoperative period on
results from the late postoperative period has yet to be investigated in detail [24–37].

We present here the follow-up results of a randomized, double blind and placebo-
controlled trial in which TENS was incorporated into the multimodal treatment of acute
postoperative pain following open inguinal hernia repair with mesh. We evaluated the
impact of TENS on early and late QoL and on the development of chronic pain.

2. Materials and Methods

Details regarding the study design, sample size calculation, randomization and blind-
ing, surgery, postoperative treatment, TENS and placebo-TENS application were described
in our previous open access report [38]. Briefly, 80 male patients with unilateral inguinal
hernia treated by elective surgery (Lichtenstein technique) were recruited to a prospective,
randomized, double blind, placebo-controlled clinical trial. The study was approved by
the regional ethics committee (protocol number BE-2-44; 5 June 2018) and registered in the
database of clinicaltrials.gov (register number NCT03739060). Eligible patients signed an
informed consent form.

Inclusion criteria for the trial were: male gender; primary hernia; no prior TENS proce-
dure; American Society of Anesthesiologists physical status I to III; no cognitive, language,
hearing or visual disorders; no movement disorders. Exclusion criteria were: surgical
complications; nerves in the inguinal region could not be identified or were damaged;
known allergy to a patch glue; chronic use of non-steroidal anti-inflammatory drugs or
opioids; neuropathic disease; general contraindication for TENS procedure (such as skin
disorder at site of electrode application or pacemaker); non-Lichtenstein modification for
hernia repair.

The final sample size was calculated using data on pain ratings when walking at the
interim analysis, a two-group design, α = 0.05, and power = 0.80. The sample size for QoL
analysis was not calculated separately because this was planned as a secondary outcome of
the trial.

On the first postoperative day, participants were randomized to receive active TENS
procedures (TENS-group) or inactive TENS procedures (placebo-TENS group) according to
a computer-generated random assignment list. Participants and the investigators responsi-
ble for outcome measurements and data collection were blinded to the group assignment.
Group affiliation was revealed after discharge of the participant and when the investigators
could not impact the participant’s future responses. During the first two postoperative
days, participants received regular pharmacological analgesia to treat their pain and reach
a comfortable level. They could ask for additional doses in case of insufficient analgesia.
On the first and second postoperative days, the TENS group received conventional TENS
using a constant stimulation frequency of 100 Hz and pulse duration of 200 µs. Segmental
and local stimulation was used. Two adhesive electrodes (10 × 5 cm) were placed on the
skin at the inguinal region on both sides of the surgical incision. Two adhesive electrodes
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(5 × 5 cm) were also placed on the skin and parallel to the spine 2 cm from the adjacent
spinal processes of the 12th thoracic to 3rd lumbar vertebrae on the surgical side, according
to segmental innervation of the inguinal region. The intensity was increased until the par-
ticipant was able to feel a maximal tolerable tingling sensation without causing discomfort,
pain, or muscle contraction. In the placebo-TENS group the whole procedure was the same
as in TENS group, but intensity was set at 0–0.5 mA, and participants could not feel any
sensations. TENS and placebo-TENS procedures were applied twice a day on the first and
second postoperative days, giving a total of 4 procedures for each participant. On the day
of discharge from hospital, Ketorolac was prescribed as 10 mg pills and participants were
instructed to keep the pain at a comfortable level during daily activities and during rest.
The study design is shown in Figure 1.
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Figure 1. Study design.

The outcome measures were general and specific hernia-related QoL in the early and
late postoperative period, as well as the incidence of chronic pain and the proportion of
symptomatic patients in the TENS and placebo-TENS groups.

General QoL was evaluated using the well-known QoL questionnaire SF-36 v2 short
form. This is a reliable and validated measuring instrument that has already been used in
the Lithuanian population for different clinical conditions [39,40]. SF-36 includes 8 multiple-
item subscales that evaluate physical function, social functioning, role limitations due to
physical problems, role limitations caused by emotional problems, mental health, vitality,
pain and general health perception. The total score for each SF-36 subscale ranges between
0 and 100, with a higher score indicating better QoL.

Specific (hernia-related) QoL was evaluated using the Lithuanian version of the Car-
olinas Comfort Scale (CCS) [41]. This has 23 items for the assessment of health-related QoL
following hernia repair with mesh. The score for each item is recorded on a Likert-type
scale. CCS evaluates QoL during the course of 8 activities: lying down, bending over,
sitting up, activities of daily living, coughing or deep breathing, walking, climbing stairs
and exercise. The total score is based on a scale of 0–115 and the higher the score, the lower
the health-related QoL. CCS scores were calculated according to the CCS scoring algorithm,
which allows QoL to be quantified and symptomatic and asymptomatic participants to
be identified.

General QoL and specific QoL were assessed before surgery on the admission day,
then on the second postoperative day and 1-week, 4-weeks and 6-months postoperatively.
At each time point the participants were asked to complete SF-36 and CCS questionnaires.
Participants were briefly instructed on how to complete the questionnaires. On the second
postoperative day, participants completed the questionnaires before discharge from the
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hospital. The questionnaires for other time points were mailed to participants, together with
stamped, self-addressed envelopes. Participants completed the questionnaires and mailed
them back to investigators. This method has been validated against in-person responses or
replies obtained by telephone and used successfully in previous trials [4,42,43].

The incidence of chronic pain was determined from the CCS questionnaire completed
6 months after surgery. The criteria for chronic pain were: question b, any activity rated > 2;
and question c, any activity rated > 0. Symptomatic patients were identified from the CCS
questionnaire completed 6 months after surgery and according to the scoring algorithm.
Cases with late postoperative complications were recorded in the follow-up period.

SPSS version 22 software (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis.
Categorical variables were analyzed using Pearson’s chi-square test. The Mann–Whitney
test for independent samples was used to compare QoL subscales and total scores between
the placebo-TENS and TENS groups at different time points. CCS scores were expressed as
percentages of the maximum possible score. Pearson’s chi-square test was used to compare
the incidence of chronic pain between the groups. Results for all tests were considered
significant at p < 0.05. Continuous variables were represented as the mean ± Standard
Deviation (SD), while categorical variables were represented as percentages.

3. Results

A total of 80 patients were enrolled in the trial and divided equally into the TENS
(n = 40) group and the placebo-TENS (n = 40) group. At the end of the 6-month follow-up
period, QoL was analyzed for 33 and 31 participants in the placebo-TENS and TENS groups,
respectively. The flow chart for this study is shown in Figure 2. The response rate on the
second postoperative day was 100% in both groups. The response rate at the 1-week time
point was 95% and 87.5%, at 4 weeks it was 92.5% and 87.5%, and at 6 months it was 82.5%
and 77.5%, respectively, for the placebo-TENS and TENS groups.

The TENS and placebo-TENS groups were well matched for all basic characteristics
(p > 0.05) (Table 1).

Table 1. Basic characteristics of the trial participants.

Characteristics Placebo-TENS
Group

TENS
Group p-Value

Age, years (mean ± SD) 61.08 ± 12.51 61.77 ± 10.84 0.793
BMI, kg (mean ± SD) 26.10 ± 2.99 26.75 ± 3.78 0.398

ASA Physical status (%)
I 32.5 22.5
II 57.5 52.5
III 10.0 25.0 0.184

Inguinal hernia side (%)
Right 57.5 65.0
Left 42.5 35.0 0.491

Inguinal hernia type (%)
lateral 70.0 67.5
medial 30.0 32.5 0.809

Inguinal hernia size EHS * (%)
1 5.0 2.5
2 47.5 47.5
3 47.5 50.0 0.836

Surgery duration, min. (mean ± SD) 75.25 ± 18.95 76.38 ± 18.40 0.788
Preoperative CCS score (mean ± SD):

Total 15.70 ± 18.51 17.00 ± 14.80 0.324
Pain Score 13.38 ± 16.15 14.75 ± 13.48 0.377

Movement Score 17.43 ± 21.10 18.57 ± 16.47 0.307
Preoperative SF-36 total score (mean ± SD) 61.50 ± 19.07 62.26 ± 11.80 0.866

* hernia size according to European Hernia Society (EHS) classification [44].
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No differences in single domains and in CCS total scores were found between the
two groups before surgery. At follow-up, less sensation of mesh was found in the TENS
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group one week after surgery. The mean sensation score at one week after surgery was
14.08 ± 16.67 in the placebo-TENS group and 6.07 ± 8.88 in the TENS group (p = 0.029)
(Figures 3 and 4). At the two-days and one-week post-surgical time points, the TENS
group tended to have less pain, less restrictions of movement and better overall hernia-
specific QoL than the placebo-TENS group (Figures 3–6), however the differences were not
statistically significant. No differences in the total CCS score and in single domains were
found between the two groups at the 4-week and 6-month time points.
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at different time points expressed as the mean ± SD. Lines represent notional dynamics of the CCS
movement score over time.

Fewer responders in the TENS group scored ≥ 1 in the sensation scale compared to
the placebo-TENS group (35.5% vs. 54.5%), but the difference was not significant (Figure 7).

There were no differences in total SF-36 scores or scores for the different SF-36 domains
between the placebo-TENS and TENS groups for general QoL at any of the time points. Results
for the SF-36 total score, pain and physical functioning scores are shown in Figures 8–10,
respectively, while results for the other SF-36 domains are shown in Appendix A Table A1.
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No incidence of chronic pain was found in any of the placebo-TENS (0/33) or TENS
(0/31) patients at 6-months postoperatively.

A seroma occurred one-week postoperatively in one case from the TENS group and
was treated using several punctions. No other surgery or TENS-related complication was
registered.

More participants were symptomatic 6 months after surgery in the placebo-TENS
group (3/33, 9.1%) than in the TENS group (0/31, 0%), but this did not reach statistical
significance (p = 0.125).
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4. Discussion

This prospective, randomized, double blind, placebo-controlled trial found that a
relatively short course of TENS integrated into multimodal postoperative pain treatment
can reduce the pathological sensation of a foreign body (mesh) one week after open
unilateral inguinal hernia repair surgery. However, the impact of an early postoperative
TENS course on late general and hernia-specific QoL at different time points remains to
be determined, as does the role of TENS in reducing chronic pain following open inguinal
hernia repair.

Earlier results from this trial showed that TENS reduces acute postoperative pain and
analgesic use after open inguinal hernia repair with mesh [38]. However, it is still not
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clear whether TENS in the early postoperative period can have positive effects for the late
postoperative period. Therefore, in this study we hypothesized that application of TENS
during the first two postoperative days following open inguinal hernia repair with mesh
has an analgesic effect and also improves the quality of life.

To date, the TENS procedure is known to produce a short-term analgesic effect [45].
TENS has multiple mechanisms of action, including several segmental, extra segmental,
peripheral and neurochemical effects [46]. As well as relieving pain, TENS improves
peripheral blood flow and accelerates wound healing by acting through the autonomic
vascular system [47,48], reduces edema, improves tissue regeneration, reduces the area
of tissue necrosis [49] and inhibits inflammation [24,50]. Furthermore, the main effect of
TENS is to reduce peripheral and central sensitization associated with pain through various
neurochemical mechanisms that include anatomic pathways, neurotransmitters and their
receptors [46,51]. Sensitization is defined as increased responsiveness of nociceptive neu-
rons in the nervous system to their normal or subthreshold afferent input. The consequence
of central sensitization is that normally innocuous stimuli are perceived as pain, leading
to allodynia and hyperalgesia. Persistent acute pain following hernia repair is the main
known risk factor for pain chronification [3]. One of the mechanisms for transition from
acute to chronic pain is the development and persistence of sensitization [12,52–54].

Many patients report a feeling of stiffness or foreign body after implantation of a mesh
in the inguinal region following hernia surgery [55]. The pathogenesis of this sensation
is not well known, but it is thought the mesh induces a profound inflammatory reaction
that leads to a firm scar plate formation with reduced elasticity of the abdominal wall [56].
Reduced-weight and macroporous meshes appear to decrease the immunogenic response
and offer the most biocompatibility at the site of implantation [57]. Lightweight meshes
are therefore less likely to lead to foreign body sensation than heavyweight meshes [55].
Other risk factors for foreign body sensation have also been considered, such as socio-
cultural structure and education [58]. The mechanisms of sensitization may be involved
in pathological mesh sensation. In the present study, reduced foreign body sensation was
found in the TENS group one week after hernia repair, which might be explained by the
anti-inflammatory and anti-hyperalgesic mechanisms of TENS. At two days after surgery,
the difference with the placebo-TENS group was smaller and not statistically significant,
possibly due to the predominance of pain and limited movement in the first few days
after surgery. Hence, the sensation of a foreign body becomes apparent only after the very
early period.

In a meta-analysis of open pre-peritoneal versus Lichtenstein repair, chronic postop-
erative pain of greater than 6 months duration was found in 7.1% and 12.3% of patients,
respectively. In another meta-analysis of totally extra peritoneal (TEP) hernia repair versus
Lichtenstein, chronic postoperative pain of greater than 3 months duration was reported
in 12.5% and 16.8% of patients, respectively [3]. During the follow-up period of our trial,
none of the participants in either the TENS or placebo-TENS group had developed chronic
pain at 6 months after surgery. This could be due to the strict definition we used for chronic
pain, i.e., ≥bothersome moderate pain impacting daily activities and lasting ≥ 3 months
postoperatively [3]. It could be argued that pain felt at rest or during daily movements and
that does not affect daily activity is not pain. However, even after removing the activity
restriction criterion, no cases of chronic pain were found. Unfortunately, there is no single
definition of chronic postoperative pain and hence it is difficult to compare and interpret
the results of different trials [59]. In our opinion, a uniform method for the evaluation of
chronic pain is required. CCS could provide a sensitive, objective and standardized tool to
identify patients with chronic pain.

Another reason for the development of chronic pain is the presence and poor control of
risk factors [3], such as insufficient control of acute postoperative pain. It is also important to
note that all participants in the current trial were males who underwent surgery for primary
inguinal hernia, with the surgery performed by experienced surgeons. Postoperative pain
was well controlled during the first two postoperative days, regardless of the group to
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which the subject was assigned (Figure 11). However, the absolute and relative pain relief
was higher in the TENS group compared to the placebo-TENS group [38]. If needed,
patients in both groups controlled pain with additional doses of analgesics. Therefore, we
suggest that pain control at home or in the outpatient setting could be worse if patients
are discharged from hospital on the day of their surgery. We found that participants in the
TENS group used fewer analgesics to control acute postoperative pain [38]. Considering
simplicity and safety use of TENS, it could be administered by the patients themselves to
control acute postoperative pain.
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We believe that good postoperative pain control and the absence of other risk factors
can reduce the incidence of chronic pain.

We also evaluated the impact of TENS on specific hernia-related QoL following open
hernia surgery with mesh. Total CCS scores and results for other domains at the two-day
and 1-week postoperative time points were promising. The TENS group had a lower total
CCS score than the placebo-TENS group, but this did not reach statistical significance. After
one month and 6 months postoperatively, no differences were apparent between the two
groups for all CCS domains and for the CCS total score. At 6-months postoperatively, fewer
patients in the TENS group tended to respond positively to the mesh perception question
compared to the placebo-TENS group, with less symptomatic patients identified in the
TENS group. A statistically significant difference was not apparent between the two groups.
The main reason for this was likely to be the smaller number of patients analyzed at these
time points. Indeed, this was a major limitation of the follow-up part of this trial.

Another reason why TENS did not impact the long term QoL may have been the
short course of TENS therapy. Extending the course is likely to result in a greater benefit
from TENS. Observational studies on the efficacy of long-term TENS for the treatment
of chronic pain from various causes have shown that it reduces pain interference with
work, home and social activities. Long-term TENS also increased activity levels and pain
management, decreased the use of other therapies (e.g., physical therapy, occupational
therapy), and decreased the use of narcotics, tranquilizers, muscle relaxants, nonsteroidal
anti-inflammatory drugs and steroids [60,61]. In more recent studies, the duration of TENS
therapy has exceeded 6 months. A similar duration of treatment could be used to treat
chronic pain that develops after inguinal hernia surgery. It is not known what the duration
of TENS therapy should be for the treatment of acute postoperative pain in order to also
obtain a long-term benefit from pain relief.
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The main limitation of the study was that sample size calculation was based on acute
pain outcomes in specific on pain ratings when walking. Therefore, secondary outcome
analysis was not enough powered. Perhaps this is the reason why the difference in general
and specific hernia-related quality of life outcomes were not found. Other limitations of
this study were the selection of participants according to narrow criteria (male gender,
primary hernia on one side) and a single-center study site.

In conclusion, conventional TENS applied in the postoperative period following
inguinal hernia repair with mesh has an analgesic effect. It also reduces mesh-related
foreign body sensation one week after surgery and shows promising results for other
QoL domains. We suggest that physicians involved in hernia surgery should consider
integrating conventional TENS into multimodal postoperative pain treatment. Additional
good quality trials with a larger sample size are needed to confirm the potential benefit of
TENS for reducing the incidence of chronic pain and for improving late postoperative QoL
following hernia repair.

5. Conclusions

Conventional TENS applied in the postoperative period following inguinal hernia
re-pair with mesh has not only analgesic effect but also reduces mesh-related foreign body
sensation one week after surgery.
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Appendix A

Table A1. SF-36 domains at different time points.

Time Point SF-36 Domain TENS Group Placebo-TENS
Group p

Surgery day

Total 62.26 ± 11.80 61.50 ± 19.07 0.866

Physical Functioning 66.25 ± 22.35 97.88 ± 25.79 0.609

Role-Physical 52.97 ± 17.90 51.09 ± 26.28 0.482

Bodily Pain 63.33 ± 22.95 61.94 ± 25.27 0.868

General Health 47.88 ± 13.77 51.75 ± 16.19 0.305

Vitality 64.06 ± 15.49 65.47 ± 19.81 0.677

Social Functioning 70.31 ± 19.95 68.44 ± 23.85 0.814

Role-Emotional 62.92 ± 18.87 57.92 ± 25.73 0.282

Mental Health 70.38 ± 16.89 67.50 ± 19.90 0.605
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Table A1. Cont.

Time Point SF-36 Domain TENS Group Placebo-TENS
Group p

2 days

Total 55.60 ± 10.67 53.02 ± 15.34 0.635

Physical Functioning 48.86 ± 20.30 43.16 ± 18.65 0.329

Role-Physical 41.25 ± 20.18 37.66 ± 22.35 0.709

Bodily Pain 49.21 ± 17.93 45.91 ± 18.30 0.430

General Health 50.86 ± 14.68 53.16 ± 15.09 0.523

Vitality 65.36 ± 15.03 64.31 ± 19.27 0.996

Social Functioning 61.43 ± 19.97 58.22 ± 25.88 0.587

Role-Emotional 53.10 ± 19.40 52.63 ± 25.93 0.826

Mental Health 74.71 ± 16.62 69.08 ± 22.63 0.399

1 week

Total 58.25 ± 11.38 56.65 ± 14.81 0.956

Physical Functioning 56.00 ± 18.50 52.50 ± 24.29 0.706

Role-Physical 38.93 ± 19.42 40.46 ± 21.14 0.530

Bodily Pain 58.41 ± 15.79 52.34 ± 18.61 0.394

General Health 55.00 ± 14.19 56.32 ± 16.67 0.660

Vitality 66.79 ± 16.17 66.45 ± 17.40 0.960

Social Functioning 63.21 ± 17.92 61.18 ± 24.79 0.690

Role-Emotional 93.81 ± 19.53 51.97 ± 24.54 0.733

Mental Health 73.86 ± 15.10 71.97 ± 19.37 0.846

2 weeks

Total 70.00 ± 13.10 69.32 ± 16.94 0.830

Physical Functioning 76.29 ± 19.64 73.11 ± 22.62 0.575

Role-Physical 56.61 ± 16.32 57.26 ± 24.94 0.931

Bodily Pain 77.46 ± 14.38 75.38 ± 20.31 0.872

General Health 57.00 ± 17.95 59.32 ± 15.91 0.614

Vitality 71.07 ± 14.86 71.96 ± 17.16 0.517

Social Functioning 78.57 ± 17.83 74.66 ± 20.93 0.450

Role-Emotional 68.57 ± 19.81 66.89 ± 26.97 0.936

Mental Health 74.43 ± 18.58 75.95 ± 17.83 0.730

6 months

Total 73.93 ± 12.43 77.19 ± 18.06 0.206

Physical Functioning 86.60 ± 18.52 86.97 ± 21.86 0.569

Role-Physical 73.00 ± 20.86 74.62 ± 26.33 0.543

Bodily Pain 82.22 ± 15.04 87.21 ± 14.99 0.199

General Health 54.80 ± 18.40 58.33 ± 19.54 0.463

Vitality 70.00 ± 16.24 74.81 ± 19.79 0.226

Social Functioning 79.50 ± 16.88 83.33 ± 21.35 0.191

Role-Emotional 73.33 ± 20.97 75.25 ± 28.07 0.486

Mental Health 72.00 ± 13.69 76.97 ± 19.20 0.196

References
1. Kingsnorth, A.; LeBlanc, K. Hernias: Inguinal and incisional. Lancet 2003, 362, 1561–1571. [CrossRef]
2. Ran, K.; Wang, X.; Zhao, Y. Open tensionless repair techniques for inguinal hernia: A meta-analysis of randomized controlled

trials. Hernia 2020, 24, 733–745. [CrossRef] [PubMed]
3. Hernia Surge Group. International guidelines for groin hernia management. Hernia 2018, 22, 1–165. [CrossRef]
4. Heniford, B.T.; Lincourt, A.E.; Walters, A.L.; Colavita, P.D.; Belyansky, I.; Kercher, K.W.; Sing, R.F.; Augenstein, V.A. Carolinas

comfort scale as a measure of hernia repair quality of life: A reappraisal utilizing 3788 international patients. Ann. Surg. 2018, 267,
171–176. [CrossRef] [PubMed]

5. Jenkins, J.T.; O'Dwyer, P.J. Inguinal hernias. BMJ 2008, 336, 269–272. [CrossRef] [PubMed]
6. Fortelny, R.H.; Schwab, R.; Glaser, K.S.; Puchner, K.U.; May, C.; König, F.; Redl, H.; Petter-Puchner, A.H. The assessment of quality

of life in a trial on lightweight mesh fixation with fibrin sealant in transabdominal preperitoneal hernia repair. Hernia 2008, 12,
499–505. [CrossRef] [PubMed]

http://doi.org/10.1016/S0140-6736(03)14746-0
http://doi.org/10.1007/s10029-019-02106-4
http://www.ncbi.nlm.nih.gov/pubmed/31820185
http://doi.org/10.1007/s10029-017-1668-x
http://doi.org/10.1097/SLA.0000000000002027
http://www.ncbi.nlm.nih.gov/pubmed/27655239
http://doi.org/10.1136/bmj.39450.428275.AD
http://www.ncbi.nlm.nih.gov/pubmed/18244999
http://doi.org/10.1007/s10029-008-0365-1
http://www.ncbi.nlm.nih.gov/pubmed/18392910


Medicina 2022, 58, 725 14 of 16

7. Hinrichs-Rocker, A.; Schulz, K.; Järvinen, I.; Lefering, R.; Simanski, C.; Neugebauer, E.A. Psychosocial predictors and correlates
for chronic post-surgical pain (CPSP)—A systematic review. Eur. J. Pain 2009, 13, 719–730. [CrossRef]

8. Matthews, R.D.; Anthony, T.; Kim, L.T.; Wang, J.; Fitzgibbons, R.J., Jr.; Giobbie-Hurder, A.; Reda, D.J.; Itani, K.M.F.; Neumayer,
L.A.; Veterans Affairs Cooperative. Factors associated with postoperative complications and hernia recurrence for patients
undergoing inguinal hernia repair: A report from the VA cooperative hernia study group. Am. J. Surg. 2007, 194, 611–617.
[CrossRef]

9. Aasvang, E.K.; Møhl, B.; Bay-Nielsen, M.; Kehlet, H. Pain related sexual dysfunction after inguinal herniorrhaphy. Pain 2006, 122,
258–263. [CrossRef]

10. Magnusson, J.; Nygren, J.; Gustafsson, U.O.; Thorell, A. UltraPro hernia system, prolene hernia system and lichtenstein for
primary inguinal hernia repair: 3-year outcomes of a prospective randomized controlled trial. Hernia 2016, 20, 641–648. [CrossRef]

11. Lange, J.F.M.; Kaufmann, R.; Wijsmuller, A.R.; Pierie, J.P.E.N.; Ploeg, R.J.; Chen, D.C.; Amid, P.K. An international consensus
algorithm for management of chronic postoperative inguinal pain. Hernia 2015, 19, 33–43. [CrossRef] [PubMed]

12. Blichfeldt-Eckhardt, M.R. From acute to chronic postsurgical pain: The significance of the acute pain response. Dan. Med. J. 2018,
65, B5326. [PubMed]

13. Ware, J.E., Jr.; Sherbourne, C.D. The MOS 36-item short-form health survey (SF-36). I. conceptual framework and item selection.
Med. Care 1992, 30, 473–483. [CrossRef] [PubMed]

14. Heniford, B.T.; Walters, A.L.; Lincourt, A.E.; Novitsky, Y.W.; Hope, W.W.; Kercher, K.W. Comparison of generic versus specific
quality-of-life scales for mesh hernia repairs. J. Am. Coll. Surg. 2008, 206, 638–644. [CrossRef]

15. Muysoms, F.; Campanelli, G.; Champault, G.G.; DeBeaux, A.C.; Dietz, U.A.; Jeekel, J.; Klinge, U.; Köckerling, F.; Mandala, V.;
Montgomery, A.; et al. EuraHS: The development of an international online platform for registration and outcome measurement
of ventral abdominal wall hernia repair. Hernia 2012, 16, 239–250. [CrossRef]

16. Staerkle, R.F.; Villiger, P. Simple questionnaire for assessing core outcomes in inguinal hernia repair. Br. J. Surg. 2011, 98, 148–155.
[CrossRef]

17. Brattwall, M.; Warren Stomberg, M.; Rawal, N.; Segerdahl, M.; Jakobsson, J.; Houltz, E. Patients' assessment of 4-week recovery
after ambulatory surgery. Acta Anaesthesiol. Scand. 2011, 55, 92–98. [CrossRef]

18. Hoofwijk, D.M.N.; Fiddelers, A.A.A.; Peters, M.L.; Stessel, B.; Kessels, A.G.H.; Joosten, E.A.; Gramke, H.-F.; Marcus, M.A.E.
Prevalence and predictive factors of chronic postsurgical pain and poor global recovery 1 year after outpatient surgery. Clin. J.
Pain 2015, 31, 1017–1025. [CrossRef]

19. Loos, M.J.A.; Roumen, R.M.H.; Scheltinga, M.R.M. Classifying post-herniorrhaphy pain syndromes following elective inguinal
hernia repair. World J. Surg. 2007, 31, 1760–1765. [CrossRef]

20. Dalamagka, M.; Mavrommatis, C.; Grosomanidis, V.; Karakoulas, K.; Vasilakos, D. Postoperative analgesia after low-frequency
electroacupuncture as adjunctive treatment in inguinal hernia surgery with abdominal wall mesh reconstruction. Acupunct. Med.
2015, 33, 360–367. [CrossRef]

21. Chou, R.; Gordon, D.B.; de Leon-Casasola, O.A.; Rosenberg, J.M.; Bickler, S.; Brennan, T.; Carter, T.; Cassidy, C.L.; Chittenden,
E.H.; Degenhardt, E.; et al. Management of postoperative pain: A clinical practice guideline from the american pain society, the
american society of regional anesthesia and pain medicine, and the american society of anesthesiologists’ committee on regional
anesthesia, executive committee, and administrative council. J. Pain 2016, 17, 131–157. [CrossRef] [PubMed]

22. Paley, C.A.; Wittkopf, P.G.; Jones, G.; Johnson, M.I. Does TENS reduce the intensity of acute and chronic pain? A comprehensive
appraisal of the characteristics and outcomes of 169 reviews and 49 meta-analyses. Medicina 2021, 57, 1060. [CrossRef] [PubMed]

23. American Physical Therapy Association. Section on Clinical Electrophysiology. In Electrotherapeutic Terminology in Physical
Therapy; The Association: Alexandria, VA, USA, 2001.

24. Fiorelli, A.; Morgillo, F.; Milione, R.; Pace, M.C.; Passavanti, M.B.; Laperuta, P.; Aurilio, C.; Santini, M. Control of Post-Thoracotomy
pain by transcutaneous electrical nerve stimulation: Effect on serum cytokine levels, visual analogue scale, pulmonary function
and medication. Eur. J. Cardiothorac. Surg. 2012, 41, 861–868. [CrossRef] [PubMed]

25. Freynet, A.; Falcoz, P.E. Is transcutaneous electrical nerve stimulation effective in relieving postoperative pain after thoracotomy?
Interact. Cardiovasc. Thorac. Surg. 2010, 10, 283–288. [CrossRef]

26. Sbruzzi, G.; Silveira, S.A.; Silva, D.V.; Coronel, C.C.; Plentz, R.D. Transcutaneous electrical nerve stimulation after thoracic
surgery: Systematic review and meta-analysis of 11 randomized trials. Rev. Bras. Cir. Cardiovasc. 2012, 27, 75–87. [CrossRef]

27. Bjersa, K.; Andersson, T. High frequency TENS as a complement for pain relief in postoperative transition from epidural to
general analgesia after pancreatic resection. Complement Ther. Clin. Pract. 2014, 20, 5–10. [CrossRef]

28. Bjerså, K.; Jildenstaal, P.; Jakobsson, J.; Egardt, M.; Fagevik Olsén, M. Adjunct high frequency transcutaneous electric stimulation
(TENS) for postoperative pain management during weaning from epidural analgesia following colon surgery: Results from a
controlled pilot study. Pain Manag. Nurs. 2015, 16, 944–950. [CrossRef]

29. Silva, M.B.; de Melo, P.R.; de Oliveira, N.M.; Crema, E.; Fernandes, L.F. Analgesic effect of transcutaneous electrical nerve
stimulation after laparoscopic cholecystectomy. Am. J. Phys. Med. Rehabil. 2012, 91, 652–657. [CrossRef]

30. Rakel, B.; Frantz, R. Effectiveness of transcutaneous electrical nerve stimulation on postoperative pain with movement. J. Pain
2003, 4, 455–464. [CrossRef]

http://doi.org/10.1016/j.ejpain.2008.07.015
http://doi.org/10.1016/j.amjsurg.2007.07.018
http://doi.org/10.1016/j.pain.2006.01.035
http://doi.org/10.1007/s10029-016-1507-5
http://doi.org/10.1007/s10029-014-1292-y
http://www.ncbi.nlm.nih.gov/pubmed/25138620
http://www.ncbi.nlm.nih.gov/pubmed/29510808
http://doi.org/10.1097/00005650-199206000-00002
http://www.ncbi.nlm.nih.gov/pubmed/1593914
http://doi.org/10.1016/j.jamcollsurg.2007.11.025
http://doi.org/10.1007/s10029-012-0912-7
http://doi.org/10.1002/bjs.7236
http://doi.org/10.1111/j.1399-6576.2010.02322.x
http://doi.org/10.1097/AJP.0000000000000207
http://doi.org/10.1007/s00268-007-9121-4
http://doi.org/10.1136/acupmed-2014-010689
http://doi.org/10.1016/j.jpain.2015.12.008
http://www.ncbi.nlm.nih.gov/pubmed/26827847
http://doi.org/10.3390/medicina57101060
http://www.ncbi.nlm.nih.gov/pubmed/34684097
http://doi.org/10.1093/ejcts/ezr108
http://www.ncbi.nlm.nih.gov/pubmed/22219414
http://doi.org/10.1510/icvts.2009.219576
http://doi.org/10.5935/1678-9741.20120012
http://doi.org/10.1016/j.ctcp.2013.11.004
http://doi.org/10.1016/j.pmn.2015.08.006
http://doi.org/10.1097/PHM.0b013e318246638f
http://doi.org/10.1067/S1526-5900(03)00780-6


Medicina 2022, 58, 725 15 of 16

31. DeSantana, J.M.; Santana-Filho, V.J.; Guerra, D.R.; Sluka, K.A.; Gurgel, R.Q.; da Silva, W.M., Jr. Hypoalgesic effect of the
transcutaneous electrical nerve stimulation following inguinal herniorrhaphy: A randomized, controlled trial. J. Pain 2008, 9,
623–629. [CrossRef]

32. da Silva, M.P.; Liebano, R.E.; Rodrigues, V.A.; Abla, L.E.; Ferreira, L.M. Transcutaneous electrical nerve stimulation for pain relief
after liposuction: A randomized controlled trial. Aesthetic Plast. Surg. 2015, 39, 262–269. [CrossRef] [PubMed]

33. Desantana, J.M.; Sluka, K.A.; Lauretti, G.R. High and low frequency TENS reduce postoperative pain intensity after laparoscopic
tubal ligation: A randomized controlled trial. Clin. J. Pain 2009, 25, 12–19. [CrossRef] [PubMed]
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