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Background. Evidence-based guidelines for managing anterior cutaneous nerve entrapment syndrome (ACNES) in children are
absent. The primary aim of this review was to scrutinize the evidence supporting currently used treatment interventions. In
accordance with the World Health Organization (WHO) guidelines for managing chronic pain in children, these patients and
their families and caregivers should be treated within the context of the biopsychosocial model; pain should not be treated purely
as a biomedical problem. Therefore, our second aim was to evaluate whether these interventions are applied within the context of
the biopsychosocial model, utilizing an inter- or multidisciplinary approach. Materials and Methods. A scoping review of the
literature was conducted to explore treatment strategies for ACNES in children. To ensure a comprehensive overview of published
literature on this topic, the search was not restricted based on study type. Two reviewers independently assessed titles and
abstracts. After excluding records unrelated to children, full texts were screened for inclusion. Any discrepancies in judgement
were resolved through discussion with a third reviewer. Results. Out of 35 relevant titles, 22 were included in this review. Only 4
articles provided information on long-term outcomes. The overall quality of the review was deemed low. The majority of reports
did not address treatment or education within the psychological and social domains. A structural qualitative analysis was not
feasible due to the substantial heterogeneity of the data. Conclusion. The evidence supporting current treatment strategies in
children with ACNES is of low quality. More research is needed to establish an evidence-based treatment algorithm for patients
with this challenging pain problem. In line with the WHO recommendation, greater emphasis should be placed on a biopsy-
chosocial approach. The ultimate goal should be the development of a generic treatment algorithm outlining an approach to
ACNES applicable to all professionals involved.

1. Introduction

Chronic recurrent abdominal pain is a prevalent issue in the
paediatric population, presenting a wide-ranging differential
diagnosis. Only 5-10% of these patients exhibit an un-
derlying physical cause [1]. When no underlying cause is
identified, the condition is termed functional abdominal

pain. Functional abdominal pain disorders are very common
disorders in children, affecting 25% of all infants and
children [2].

Anterior cutaneous nerve entrapment syndrome
(ACNES) is a pain syndrome characterized by localized
abdominal pain resulting from the entrapment of the ter-
minal branches of the intercostal nerves penetrating the
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muscle sheet of the rectus abdominis. In cases of unilateral
chronic or recurrent abdominal pain without an organic
explanation, consideration of this diagnosis is warranted,
based on specific criteria [3]. Although ACNES was initially
described in 1926 by Carnett and Bates [4], it is only in the
last decade that this syndrome has been increasingly rec-
ognized in children. A notable proportion of adolescents
with abdominal pain can now be diagnosed with ACNES [5].

The body of literature describing interventions for the
treatment of ACNES, including in children, is expanding
rapidly. Various treatment strategies are available, encom-
passing conservative approaches, invasive treatments in-
volving injections of local anesthetics, and surgical
procedures to release the entrapped nerve. Markus et al.
conducted a review on the efficacy of neurectomy and trigger
point injections in children [6]. Other authors have pre-
sented various techniques for peripheral nerve blocks, such
as transversus abdominal plane (TAP) block [7-10]. Despite
the multitude of patients undergoing treatment for ACNES,
there is a notable absence of evidence-based guidelines on
how to manage these cases. Most previous publications focus
on interventions involving injections and/or surgery. While
some reports show promise, the critical question remains:
are these treatments superior to conservative approaches
and are they applied within the appropriate context?

Chronic pain in children represents a significant health
concern that often disrupts daily life, leading to school ab-
senteeism and diminished participation in social activities,
thereby impacting their social and emotional development [11].
The treatment of chronic pain in children is complex and often
challenging. In addition to addressing underlying organ-
specific issues, the central focus in treating abdominal pain
involves the rehabilitation of normal daily life. This includes
restoring regular meal times, promoting daily exercise and
physical activity, and fostering healthy sleep patterns [11].
Extensive evidence supports a multimodal approach in
addressing chronic pain in children [11-13]. The development
of chronic pain in children involves biological, psychological,
genetic, and social factors, all of which should be considered in
the diagnosis and treatment of chronic pain [11, 14, 15]. In
accordance with the World Health Organization (WHO)
guidelines for managing chronic pain in children, these pa-
tients and their families and caregivers should be treated within
the context of the biopsychosocial model; pain should not be
treated exclusively as a purely biomedical problem [16].

With this review, our objectives were to address the
following questions:

(1) What is the evidence supporting currently used
treatment interventions for ACNES in children?

(2) Are these interventions applied within the context of
the biopsychosocial model, utilizing an inter- or
multidisciplinary approach?

2. Materials and Methods

The methods in this scoping review are described based on
the Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) checklist [17] and the PRISMA-S
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extension to the PRISMA Statement for Reporting Literature
Searches in Systematic Reviews [18]. An exhaustive search
strategy was developed by an experienced information
specialist (WB) in consultation with one of the authors
(TdL). The search was initially formulated in https://Embase.
com, optimized for sensitivity, and then adapted for use in
other databases following the approach outlined by Bramer
etal. [19]. The search was conducted in the databases https://
Embase.com (date of inception 1971), Medline ALL via Ovid
(1946 to daily update), and Web of Science Core Collection
(Science Citation Index Expanded (1975 to present); Social
Sciences Citation Index (1975 to present); Arts and Hu-
manities Citation Index (1975 to present); Conference
Proceedings Citation Index-Science (1990 to present);
Conference Proceedings Citation Index-Social Science and
Humanities (1990 to present) and Emerging Sources Cita-
tion Index (2015 to present)); and the Cochrane Central
Register of Controlled Trials via Wiley (1992 to present). The
search was last updated on 18 January 2023.

The search encompassed terms for (1) anterior cutaneous
or lateral cutaneous nerve entrapment and (2) children or
pediatrics. Articles not published in English, Dutch, or
German were excluded from the search results across all
databases. Study registries were not consulted, but Cochrane
CENTRAL retrieved the contents of https://ClinicalTrials.
gov and the World Health Organization’s International
Clinical Trials Registry Platform. Full search strategies for all
databases are available in the Supplementary Materials
(Appendix 1). To provide a comprehensive overview of the
published literature on this topic, we did not restrict the
search based on study type.

Two reviewers (AT and MD) independently screened
titles and abstracts. After excluding records unrelated to
children, full texts were reviewed for inclusion. Any dis-
crepancies in judgement were resolved through discussion
with a third reviewer (BdM).

3. Results

With this search, we identified 476 reports (see Figure 1).
After removing 217 duplicates, we screened abstracts and
titles, discarding 224 as these pertained to adults. Four re-
ports were excluded due to unavailability of full text. Upon
reading of the articles, one more was excluded because it also
involved adult patients. Six reports were excluded as they did
not study any intervention or treatment and one because the
patient had a different diagnosis. In total, we reviewed 23
publications. A systematic review encompassing six studies
was identified. However, since these six studies were already
included in this review, the additional review was not in-
corporated into the data [6]. Another report initially
appeared to be a review but was, in fact, a prospective
observational study assessing the predictive value of
a questionnaire [20]. A structural qualitative analysis was not
feasible due to the strong heterogeneity of the data.

Five case series (300 patients) and nine case reports (19
patients) reported on injections with local anesthetics.
Additionally, five case series (108 patients) and two case
reports (2 patients) reported on surgical procedures, and one
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FiGgure 1: Flowchart with search strategy and study inclusion.

study detailed outcomes after both injections and surgical
interventions (12 patients). Only one article described the
results of conservative noninvasive treatment [21]. Among
the 11 case series, six originate from the same surgical re-
search group, accounting for 74% of all patients
[5, 20, 22-25]. Furthermore, some articles may have over-
lapping patient populations [7, 22, 23, 26].

3.1. Results for Injections with Local Anesthetics. Local an-
esthetics were injected using different techniques: rectus
sheath block, TAP block, or trigger point infiltration, with or
without the aid of ultrasound. No comparative studies have
been conducted on the technique, the use of ultrasound, or
the addition of steroids. Most studies utilized local anes-
thetics combined with steroids. The median number of
injections ranged from 1 to 2, administered at variable time
intervals. Reported success rates ranged significantly from
38% to 100% (see Table 1).

3.2. Results for Surgical Intervention. The predominantly
reported surgical intervention was primarily anterior neu-
rectomy, demonstrating a success rate ranging from 57% to
100%, with a reoperation rate of 25% [5, 22, 25-27]. Ad-
ditionally, one report described laparoscopic resection of the
proximal nerve segment following an unsuccessful anterior
neurectomy [27].

Details regarding preoperative treatments were not al-
ways clear in these publications. Occasionally, patients re-
ceived paracetamol, nonsteroidal anti-inflammatory drugs,
opioids, and/or antineuropathic medication prior to con-
sultation with the surgeon, but information about medi-
cation was not consistently available. All authors report that
injections of local anesthetics were administered prior to
surgery, either though ultrasound-guided TAP block, rectus
sheath block, or trigger point infiltration. The duration of
pain symptoms before surgery varied from 6 to 15 (8-29)
months across cases (see Table 2).



Pain Research and Management

i P10133s + donjaIsoue uornda(ur
p< saxy-ured 1 1 207 T ST 1 j10dar ase) 6661 3919d
dn-moyjoz 1019]S + O1}Yjsaue
0¥ 0) 350 | (-1t prosas T ouot (SN Wm) Yo1q dV.L (91-%1) S1 € 1iodar ase) rioz
sa13-uted (999) ¢ ®207 : UIppNURZIN
-ul (9
(reaxayur (I 07) [coc
S sa13-ured | mxoow ¥-7) STJaYIsaUe [0 JPOIq UIeays s1oy ST I yrodar aseD P
TI< say-ured T I E%mm&%ﬁ%ﬁ Yo0[q dV.L ¥l 1 yodoax ase) #10T 21do
Mcuwwwudowbm. Mﬁmm syusnyed orerpaed
pouEIss (% m.v . JO 110700 PaJd3[[0d
suon» :w Appanoadsoxd e
7 Ioye .ow@.-ﬁ& ur uopoafuy
~ paureisns (%91) 9 ~ promjs +onaysaue o MMMMM.HE eaUs wwwuw“mwuwwww _ SILI9S 9S8 ont
(ze-11) 02 wonalur L1 18207 jur I yieay pue d19y) (L1-6) ST 8¢ sampadsonsy 810T 151}
| 10ye soxp-ured sn30a1 papms gn [e1osejqns [ed0]
paurejsns . PoUIqUIOs (i
(%¢9) 7T SANOYV jo Aepour
o%ﬂ-:&& nprnesn ©
(%8) 26 [P0 juasaxd of,
P10133s + donaIsoue [rem
dn-mofjoj oN 0 eurwropqe jutod 31xa 11 I 1o0dar ase) 8007 SUQAJ
180T 9AIOU J& UOTBIYU]
paonpax yonw UOISS3S  JUIPIUO[D + dNIYISAUEL uomnpda(ur jurod todox ose 8102
i< pawinjal ured Turg 8007 123811 +300[q dV.IL 81 f ¥ o ojsnion 1(J
snoauejuods
~A+ UOTJEIIPIUW ABojoyred sty
Howm m.v 0] UOTU2)Je MEIp
UOT)UIAIIUT 01 PUP SANOV it (suonoafur
dnmonor o oulM 5 PIOI2)S + OT3aYyIsoUE SQLSOD 10 pasouSerp syjuonjed  (THT-7°11) SUIAISI © SILIAS 35D e
1% ON . -wbwmto. B (Y 8007 PoqE>sp ON JO sonsLId)ORIRYD 671 o 9) aampadsonay €eoT BRI
ﬁc.ozuu\ﬁmmw -° Areuonnjoas o
Iayye w.w@..&mm pue [erdip
(%00T) S/ St 3qHRIP AL
Jax3-ured 1013)S + J1JaISaUe
(T1-6<) 8< QMS.V c I P! ﬁuo.qa PaqLI2sap 10N (91-01) ST € 1odar aseD) Y107 Py
0’
suonoa(ur syuanyed Ieak
(sqpuowr) dn-mofrog 1954 10 JqEN pa3oafur uonesrpaly  anbruyosy uonods(uy EYNRE](fg) By 30 FPqEmN ad4y Apmg pue soqny

"suonoa(ur I9)Je W0dINQ ] A14V],



Pain Research and Management

PIOId)S F OT3oy)soUE

s1eaf ¢ 1sed

oy} uLmp uaIpyd

ur yuawdenua

SOLI3S 9sed

s sax3-ured (985) / -1 10207 suordafug SAIOU snoduBINd  (LI-T1) ST 4 sampadsonay €107 12(uedyz
£q pasnes ured :
[[em [eurwopqe
107 £1981M8 YT,
] PIOIa)S F OTjYJsoue uonoa(ur
s ured juarmday 9 1007 Jutod 128801, Al 1 y10dax asen) 8107 BWIdA
2a1y-ured uonoa(ur 8899918 TS} (¢'z as) REJREN 20T
s : 9-1 oT}oYJsaue [0 MY 10§ aIreuuornisanb . G :
(%57) 9¢ jurod 193317, STU[EA SATOIAI] L1 ased aAndadsorg YooH uep
dn-morjog
0} 350 1019)$ F O1}dYyjsaue
(v2-0) ¥1 ured Eusﬁ_@wh o &1 P m&qg Y0[q Yreays snpRyY (91-11) €1 L yodarased  £00T JouUDS
saxy-ured (%12) S
1 saxy-ured 1 4 ESBJMMM%%%SW ¥o01q dV.I Terareg €T 1 y10dar ase) 1107 uosdurg
SwoIpuAs
juowdenua
9AI9U Snoauend
~ sax3-ured ~ PIOIa)S F OTjoY)soue Yoolq JOLId)UE POOYPIIYD ~ SEJRER (sue pad)
(6€-7) L1 (9%8¢€) € el 8007 J99Us SNJOaI IOLIJUY UL SYO0[q [Ieays (L1-8) ST 8 ased aAnoadsord  £10T Ysemers
SN3021 JOLIdJUE JO
SIUSAD ISIQAPE pUE
SWO02IN0 Apnis OF,
ured eurwopqe
STUOIYD M
) ~ P1013)s + dnjaIsoue uornoafur J10y05 judnedino 110400
¥< say-ured (%2h) s (7D 1 [eooT jurod 1988117, ougerpaed e (z as) st (4 [BUOT}23S-5S01) 10T [semeLs
ur SINOV Jo el
a3 oyednsoaur of,
suoryda(ut syuanyed 1edf
(sqauowr) dn-mofjog 1094 30 JoquInyg pajoafur uonestpaly  anbruypay wonos(uy 2A122(qO aly 30 ToquIN ad£y Apmig pue Jomny

‘panunuo)) 1 AI4V],



Pain Research and Management

SANOV
£103001501
M UDIPTIYD
ur Aurojpamau

SPI0J2)S + JTJAYJsouUL SNOdULIND
sa13-ured Auwrodarmau SOLIS 1102
9 %001) JoLIdU [e20] UL suonoafug v TOHE, (91-6) ST o ased aa1dadsor, edunpyd
(%001) 9 Yy SUOTIEAIPOU [210) pouLIa) . d NICREN
anbruyo9)
[eo1dins e
JO symsax
a1} 2qIIdSAP O,
- uow onasaue
steak7  3xed Tewrxoid R I Awoyainsu B 6102
Sz urgym ured [e20] Y3m suondafur < 91 I y10dar ase)
2a13-ured §(]sREEED M SNOdULINDIDJ HonESIPA [e10, emnwQ
srdoosorede HeTpatt [
USIPTHYD
Ul paI19junodud
ured
[eurwopqe
STUOIYD
0] 90UBAJ[DI S)
(son0218U (6-1) proass pue (SANDV) SILIdS 9SBD S10C
(0£-1) 6 zMommzw NMM\ ﬁcwguﬁwmumo:m (09-5°0) o1 owoIpuAs (61-01) ¥1 6 w>u.uo%obwm urepareq
juaned 1) 6 [B20] PIM0[q dV L yuowdenus
JATOU
SnoaueInd
IOLId)UE S
umowy Aynud
ue uo j10dar o,
ured USIPTHY
: PrOI2)s + O1jaYIsaue ur SANDV
sa13-ured 3 HMEESUS Awoyoainou [e20] Y3Im YO[q dV L, 5 10§ Awoypamau  (¢'£1-8°€T) SOLIaS I5ED 810¢
(%S2) 1 ¥ (9e-sD) 9z (%P) 11 JouRuy (6c-8) ST Jo Aoeorgo ST e aanpodsoney  Suonsuury
sa13-ured pue £jayes
UOTJEIIPaW [BIO)
(%8S) ST o} drenyeAs of,
(a8uer)
UeIpIN
AroBans £1981ms (syyuou) £1981ms 210J0q (Sypuou) (s1eak) suened Teak
puodag 10959 anbruyo9) £1981ng A1281ms 2A13(q0 jo ad4y Apmig
puodag dn-morog pardde jusuryearr, By pue 1oyny
1959 a1032q IoquinN
jureduwroo

Jo uoneIn(y

‘Juourjear) [ed1dins Ia)ye awodnQ g 19V,



Pain Research and Management

s1ea4 G Ised oy
Surmp ua1pyyd
ur juswdenua

i . PIOIa)S F OTjoYJsoue . 9ATOU B SOLIdS IsED €10C
dn-mofey oN ¢ 8007 ¢ snoauend (1-11) <1 5 aandadsonay Io(uedyz
£q pasnes ured
[[em [eurwopqe
10y £1931ms ayT,
dn-morjoy uonoafur 610C
oN AurojpamaN Jutod 12830, 9 91 I y10dar ase) vwedoyox
SANDV pm
uonjendod
oujerpaed
odrer e
SP10J23s + J1JaYIsaue (£1981ms
S5oM O Kuwroypamau es0l M STOMAll ~ ur AuwojoaInau SILIS od
oM 9 - [e207 Yt novfur - (8%-1) 9> Touaue (Tas) st 09 Lee>oampadsorg PO £10C
SUOTBdIPAW [BIQ USeMBIS
JO d3er ssa00NS
UI19)-}107[S
pue £jo5es oy}
ayednsaaur of,
ured
[eurwopqe
STUOIYD
Awogpamau SP10J2)s + JT)AYIsaue )M 1I0Y0D J10t0> 910z
SYooM 9 [e20] Y3m suondafuy H juanjedino (z as) s1 L
JouRuy [BUOT)D3S-SS01) ysemerg
superpaed e
ur SHNOV
Jo ayer oy
uonjeIIpaW [eIQ ajednsaaur of,
(a8uer)
UBIpOIN
A1281ns (sypuour) syuaned
£1931ns (syyuou) £1981ms a10J2q (s1eak) 1edk
puodag anbruypa) £1981ng A1381ms 2A1123(qO Jo ad£y Apmg
puo023g dn-morjog : pardde jusuwealy, T a8y pue Iloymy
10959 a10J2q JoqunN
jurerdwod

Jo uonein(g

‘ponunuo)) g 414Vv],



3.3. Results for Conservative Treatment. One study, by Garcia
et al. [21], reported on conservative treatment for ACNES.
Seven of the twenty patients (35%) reported improvement
after oral medication, while one patient reported sponta-
neous improvement. Five patients received injections. Two
of these five were referred to surgery, but pain was resolved
before surgical intervention was done.

3.4. Results concerning Psychological or Social Factors.
Among the 22 studies reviewed, three addressed the social
impact of pain, specifically in terms of school absenteeism
or limitations in sports activities, affecting 90% of the
patients. Five of the 22 studies reported psychiatric or
psychological issues in 30% of patients. None of the studies
provided commentary about psychologic treatment or
physiotherapy.

4. Discussion

This literature search aimed to evaluate the evidence re-
garding treatment interventions for ACNES in children.
Surprisingly, the majority of publications focused exclusively
on invasive interventions, all of which were observational
studies lacking a control group. Consequently, the overall
value of evidence is deemed low. Furthermore, hardly any of
these publications addressed biopsychosocial factors or
treatment options from a biopsychosocial perspective.

Treatment strategies should be tailored to individual
patient needs, considering the presence of psychological
comorbidities. Nonpharmacological measures, such as
cognitive behavior therapy, hypnotherapy, and guided
imaginary, have shown efficacy in managing chronic ab-
dominal pain in children and could be viable options
[28-30].

Pain education is also deemed crucial in this patient
category [29]. The incidence of chronic pain in children is
increasing [11], and the body of evidence supporting the
value of nonpharmacologic treatments is expanding [31].
This review specifically explores the published treatment
options and evaluates their merit.

While the literature on the treatment of ACNES in
children is expanding, it predominantly consists of case
reports. The methodologic quality of these publications
tends to be low. Despite another review claiming level II
evidence, we disagree, as there were no randomized con-
trolled trials or meta-analyses and a lack of case-control
studies [6]. All six studies were observational nonblinded
studies, thus prone to bias.

The existing literature predominantly reports two
treatment strategies for managing ACNES in children: in-
jections with local anesthetic (with or without steroids) and
surgical procedures. All but one of the relevant publications
concern invasive treatments. The only exception is a publi-
cation reporting the outcome of conservative treatment in 20
patients, of whom 5 required injections and ultimately none
of them needed surgical intervention [21]. This specific study
demonstrated that conservative strategies can also be
effective.
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Most of the publications on injection techniques per-
tained to either rectus sheath block or trigger point in-
filtration. The reported success rates ranged from 38% to
100%. Although Bairdain et al. [7] primarily aimed to report
surgical outcome, they revealed that all 48 patients received
repeated TAP blocks before surgery. Nine of those even-
tually required surgery, indicating a success rate of 81% with
TAP block. While the article did not specifically address
whether alternative treatments were pursued or needed, the
findings suggest that surgery should only be considered after
exhausting other treatment modalities. As of now, no studies
have been published comparing the effectiveness of TAP
block to other techniques in the treatment of ACNES.

An RCT in adults with ACNES had demonstrated the
superiority of lidocaine over saline in providing immediate
pain relief after trigger point injection [32]. Reviewing their
own previous (mainly observational) ten studies encom-
passing a total of 834 patients, the same research group
estimated that ten percent of the patients experienced
sustained pain relief following a single lidocaine injection
[33]. While local injections often incorporate steroids, their
efficacy in the context of chronic pain remains a topic of
debate. A study involving adults in a postoperative setting
evidently demonstrated the value of adding steroids to
a peripheral nerve block [34]. For chronic pain, however,
this is debatable. A study by Mol et al. in adults indicated no
discernible benefit of adding steroids to lidocaine injections
for ACNES [35].

In another study involving adult patients, Jacobs et al.
found that the free hand technique was comparable to the
ultrasound-guided technique for trigger point injections
[36]. There is a lack of corresponding data in children.

In the context of surgical treatment for children with
ACNES, anterior neurectomy emerged as the predominant
approach. The duration of preoperative pain symptoms as
well as the type of conservative treatment given before
surgery exhibited variability. Preoperative interventions
lacked standardization, and their specifics were often not
clear. Furthermore, a majority of studies featured limited
patient cohorts and lacked reporting of long-term follow-up
outcomes. Only one retrospective study involving 26 pa-
tients reported on extended postoperative outcomes, re-
vealing a 58% success rate [26].

While the biopsychosocial model is recognized as the
appropriate framework for addressing pain in children, it is
remarkable that a limited number of publications address
psychosocial aspects [11]. Among the 22 studies included in
this review, merely three explored the social repercussions of
pain, such as school absenteeism or limitations in sports
activities, affecting 90% of the patients. Psychiatric or psy-
chological issues were reported on five out of the 22 studies,
impacting 30% of patients. Van Hoek et al. observed that
some patients, who declined surgery after multiple trigger
point injections, opted for conservative treatments such as
transcutaneous electrical nerve stimulation (TENS), phys-
iotherapy, and psychotherapy [20]. Since the purpose of
their study was to determine the predictive value of
a questionnaire, they did not describe the outcomes of the
different therapeutic options.
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The lack of a standardized treatment algorithm for this
specific patient category contributes to a varied approach,
with no conclusive evidence supporting any particular
treatment choice. High-quality research is needed to un-
derpin the development of clear guidelines for the treatment
strategy of this elusive diagnosis. Furthermore, it is advisable
that interventional procedures be exclusively employed in
a multidisciplinary setting [37].

5. Conclusions

The quality of the evidence supporting the current practice
of treating ACNES in children is low. More research is
needed to establish an evidence-based treatment algorithm
for patients with this challenging pain problem. In line with
the WHO recommendation, greater emphasis should be
placed on a biopsychosocial approach. The ultimate goal
should be the development of a generic treatment algorithm
outlining an approach to ACNES that is applicable to all
professionals involved. It is recommended that such an
algorithm be implemented within an inter- or multidisci-
plinary setting, taking into account the biopsychosocial
model adapted to the age and social context of the children
and their parents.

Data Availability

The data used to support the findings of the study are
available from the corresponding author upon request.
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