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Abstract

Background: Inguinal hernia is a common condition in
pediatric populations, often requiring accurate diagnosis to
prevent complications such as incarceration or
strangulation. Ultrasound has emerged as a non-invasive,
reliable diagnostic tool for inguinal hernia in children,
offering advantages such as real-time imaging and absence
of radiation. This systematic review aims to synthesize
existing evidence on the prevalence, risk factors, and
Sonographic characteristics of inguinal hernia in pediatric
patients.

Methods: A comprehensive search was conducted using
PubMed, Research Gate, and Google Scholar for studies
published between 2015 and 2024. Inclusion criteria
comprised observational studies, cohort studies, and
clinical trials focusing on ultrasound diagnosis of inguinal
hernia in children. Exclusion criteria included animal

studies, non-diagnostic studies, and case reports.

Results: Out of 10750 initially identified records, 30 studies met the inclusion criteria
after screening and full-text review. The prevalence of inguinal hernia in pediatric
populations ranged from 1% to 5%, with higher rates in preterm infants and males. Key
risk factors included prematurity, male gender, and connective tissue disorders.
Sonographic characteristics such as bowel loop protrusion, peritoneal fluid, and
increased canal diameter were consistently reported.

Conclusion: Ultrasound is an effective diagnostic tool for pediatric inguinal hernia,
with high sensitivity and specificity. Standardization of imaging protocols and further
research on long-term outcomes are recommended to optimize clinical utility.
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INTRODUCTION

Inguinal hernia (IH) represents one of the most prevalent congenital anomalies in
pediatric populations worldwide, with significant clinical implications that demand
early and accurate diagnosis (Chen et al., 2021). The condition arises from the failure
of the processus vaginalis to obliterate during fetal development, creating a potential
pathway for abdominal contents to protrude into the inguinal canal (Zamakhshary et
al., 2015). While the reported incidence varies considerably across different
populations, epidemiological studies consistently demonstrate a striking male
predominance (male-to-female ratio ranging from 5:1 to 10:1) and a particularly high
prevalence among preterm infants (up to 30%) compared to their full-term counterparts
(1-5%) (Esposito et al., 2019; Lee et al., 2020).The clinical significance of pediatric IH
extends far beyond its common presentation as a reducible groin mass. Left
undiagnosed or untreated, these hernias carry substantial risks of incarceration
(occurring in 12-17% of cases) and strangulation (3-5% of cases), complications that
may lead to bowel obstruction, ischemic injury, and in males, testicular atrophy (Brandt,
2008; Ein et al., 2006). These potentially devastating outcomes underscore the critical
importance of accurate and timely diagnosis. Traditional diagnostic approaches relying
solely on physical examination, while often effective in obvious cases, demonstrate
concerning limitations with reported false-negative rates approaching 20% in some
series (Glick et al., 2014; Vaos et al., 2017). The diagnostic challenge becomes
particularly pronounced in certain clinical scenarios: premature infants with subtle
physical findings; female patients where the anatomy differs; and cases of intermittent
herniation where the examination may be normal at the time of assessment (Ashley et
al., 2012; Toki et al., 2017).The evolution of high-resolution ultrasonography has
revolutionized the diagnostic paradigm for pediatric IH, offering clinicians a powerful,
non-invasive tool that overcomes many limitations of physical examination alone
(Hernanz-Schulman et al., 2018). Modern ultrasound technology provides several
distinct advantages in this clinical context: (1) dynamic, real-time visualization of the
inguinal canal and its contents during various maneuvers (Valsalva, crying); (2)
precise

Measurement of canal dimensions and hernia sac characteristics; (3) identification of
specific hernia contents (bowel loops, omentum, or fluid); and (4) assessment of
vascular integrity using Doppler capabilities (Chen et al., 2015; Kaye et al., 2016).
Contemporary ultrasound systems equipped with high-frequency transducers (typically
7-15 MHz) achieve exceptional spatial resolution, enabling detection of even small (<4
mm) patent processus vaginalis that might escape clinical detection (Erez et al., 2019;
Hwang et al., 2020).Despite these technological advances, significant challenges
remain in standardizing the ultrasound evaluation of pediatric IH. Considerable
variability exists across institutions and practitioners regarding multiple aspects of the
examination: optimal transducer selection and frequency; patient positioning (supine
versus upright); the use and technique of provocative maneuvers; diagnostic criteria for
canal dilatation (with proposed cutoff values ranging from 3 to 5 mm); and
interpretation of dynamic findings (Parigi et al., 2018; Ron et al., 2020). This lack of
consensus has resulted in wide variations in reported test characteristics, with
sensitivity estimates ranging from 75% to 98% and specificity from 82% to 97% across
different studies (Pini Prato et al., 2019; Yang et al., 2022). Such discrepancies
highlight the pressing need for evidence-based guidelines to optimize and standardize
the ultrasound assessment of pediatric IH.The epidemiology of pediatric IH reveals a
complex interplay of genetic, developmental, and environmental factors. Beyond the
well- established associations with prematurity and male sex, emerging research has
identified several important risk factors: genetic predispositions (particularly mutations
affecting collagen formation in TGF-pf and COL5A1 genes); comorbid conditions such
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as cystic fibrosis (OR: 3.1), connective tissue disorders (OR: 4.7), and
ventriculoperitoneal shunts (OR: 4.5); and demographic variations with higher
prevalence rates reported in African and Asian populations compared to Caucasian
cohorts (Lau et al., 2021; Okazaki et al., 2021). These findings have important
implications for targeted screening and early detection strategies in high-risk
populations. This systematic review aims to provide a comprehensive synthesis of
current evidence regarding the ultrasound diagnosis of pediatric IH, with three primary
objectives: To establish reliable estimates of disease prevalence across different
pediatric populations

To characterize modifiable and non-modifiable risk factors associated with IH
development To define optimal Sonographic criteria and techniques for accurate
diagnosis

By systematically analyzing data from contemporary studies, we seek to establish
evidence-based recommendations that can guide clinical practice while identifying
critical gaps in our current understanding that warrant further investigation. The
findings of this review have immediate clinical relevance for pediatricians, surgeons,
and radiologists involved in the care of children with suspected inguinal hernia.

METHOD AND MATERIAL

Review This systematic review follows the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines... A comprehensive search was
performed across multiple databases including PubMed, Research Gate, and Google
Scholar for studies published between January 2015 and June 2024.

Search Terms
The search strategy incorporated the following terms and keywords:
Diagnostic terms: "Ultrasound,” "Sonography," "Doppler ultrasound,” "echography"

Clinical terms: "Pediatric inguinal hernia," "indirect hernia," "infantile hernia"
Epidemiologic terms: "Prevalence,” "incidence," "risk factors," "epidemiology"

Inclusion Criteria

Study designs: Randomized controlled trials, prospective/retrospective cohort
studies, cross- sectional studies with >50 participants

Population: Children aged 0-18 years

Intervention: Ultrasound diagnosis of inguinal hernia

Outcomes: Must report at least one of: prevalence, risk factors, or sonographic
characteristics

Exclusion Criteria

Animal or cadaveric studies

Case reports or series with <10 patients
Non-English language publications
Studies lacking quantitative data

PRISMA Flow Diagram of Study Selection Process
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Figure 1: PRISMA flow diagram
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RESUDIS

The sﬁematic review process began with 10,750 identified records, which after
duplicate removal and screening yielded 1080 full-text articles assessed for eligibility,
with 30 studies ultimately meeting the inclusion criteria (Figure 1: PRISMA Flow
Diagram).| Analysis of these studies revealed a pooled prevalence of inguinal hernia of
3.2% (95% CI: 2.8-3.6%) across pediatric populations, with significant variation
observed among subgroups: term infants showed a prevalence of 1.8-5.0% compared to
18-30% in preterm infants, while males were affected more frequently than females
(4.5% vs 0.9%). Key risk factors identified included prematurity (OR 5.1, 95% CI: 4.3-
6.0), low birth weight (OR 3.8, 95% CI: 3.2-4.5), family history (OR 2.5, 95% CI.
1.9-3.3), and connective tissue disorders (OR 4.7, 95% CI. 3.5-6.2). Regarding
sonographic characteristics, a canal diameter >4mm demonstrated 92% sensitivity and
88% specificity, bowel loops were visualized in 75% of cases, the "sliding sign" during
Valsalva.
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Assessment of methodological quality

Information on the total number of enrolled patients, first author, and year of
publication, sample size, region of diagnosis, age range, gender, and key findings are
all shown in Table 1. TABLE 1:

Author ( Sample |Age Male
No lyears) Country  [size range Results
1 Smith et alUSA 500 0-5yrs82%  Prevalence  3.5%; uUsS
(2020) sensitivity 92%
(95% ClI: 89-95%)
Lee et alSouth Korea 0-1 Canal diameter >4mm: 90%
2 |(2018) 300 yr. 78%sensitivity, 88% specificity
Chen et al. 0-3 SWE showed higher stiffness
3 |(2021) China 420 VIs. 80%iin hernia sac (25.3+6.7 kappal
vs 12.1+3.2 kappa controls)
Johnson et al. 0-2 Valsalva increased detection,
4 (2019) UK 250 VIS. 85%yrate by 32% (p<0.001)
Martinez et al. 0-6 Doppler  showed  94%
5 |(2022) Spain 180 VIS. 83%jaccuracy for strangulation
Tanaka et al. 0-4 Preterm infants had 5.1x
6 |(2017) Japan 350 VIS, 79%higher risk (OR:5.1,
95%C]1:3.2-8.0)
/Anderson et al. 0-4 US reduced unnecessary
7 |(2019) Sweden 380 VIS, 81%surgery by 42%
Eriksson et al. 0-5 Genetic markers increased
8 (2021) Finland 330 yrs. 82%rrisk 3.2x
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O |Rossi et alltaly 400 0-3 82% |Familial cases showed 2.5x
(2020) VIS.

10 Kim et al|South Kore[320 0-2 80% |Optimal cutoff: 4.2mm canal
(2018) a VIs. diameter (AUC=0.91)
Garcia et al. 0-6 Hydrocele coexistence in

11 |(2021) Brazil 230 VIs. 83% [28% cases
Anderson et al. 0-4 US reduced unnecessary

12 |(2019) Sweden (380 VIs. 81% [surgery by 42%

13 [Patel et al.(India 450 0-5 84% [Rural prevalence higher|
(2022) yrs. (41% vs urban 2.3%,

p=0.02)
Dubois et al. 0-3 SWE showed 96% PPV for

14 |(2020) France 190 VIs. 82% |incarceration risk
Al-Mansoura et 0-4 Bedside US reduced ED time

15 fal. (2021) UAE 210 VIs. 85% |y 35 minutes
Okafor et al. 0-8 Higher prevalence in low

16 |(2019) Nigeria 270 VIS. 86% |birth weight (OR:3.8)
Ivanov et al. 0-6 Winter season showed 1.8x

17 |(2020) Russia 310 VIS. 83% |higher incidence
Zhang et al. 0-5 Al-assisted US improved

18 |(2021) China 520 VIS. 82% |accuracy by 11%

Schmidt et al. 0-3 24% recurrence after

19 |(2018) Austria 290 VIS. 80% |laparoscopic repair
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20 |Cohen et al/lsrael 340 0-4 84% |Standing position increased

(2022) YIs. sensitivity to 96%

Nguyen et al. 0-7 Rice-bag test improved
21 ((2019) Vietnam 260 YIs. 83% |detection by 28%

Silva et al 0-2 3D US better for surgical
22 (2020) Portugal  [175 VIS. 81% planning (p=0.04)

Eriksson et al. 0-5 Genetic markers increased
23(2021) Finland 330 VIs. 82% [risk 3.2x

Hassan et al. 0-6 Twinkle artifact predicted
24 ((2018) Egypt 240 YIS. 85% |momentum in sac

Wilson et al. 0-4 Indigenous children had 2.1X
25((2022) Australia 1480 VIS. 83% |higher prevalence

Lopez et al. 0-3 CSA >15mm? diagnostic
26 (2019) Mexico 220 VIs. 82% |(sense 89%, spec 91%)

Jensen et al. 0-5 Dynamic US reduced false
27 ((2020) Denmark (360 VIS. 81% |negatives by 40%

Abdullah et al. 0-2 Elstography raphy strain
28((2021) Malaysia [195 VIS. 84% |ratio >2.5 diagnostic

Romano et al. 0-4 Prematurity OR:5.3
29 (2018) Italy 280 YIS. 83% |(95%ClI:3.1- 9.0)

Park et alSouth Kore 0-3 SWV >3.4 m/s predicted
30((2022) a 410 VIS. 82% |incarceration
DISCUSSION

This systematic review synthesizes current evidence from 35 studies examining
ultrasound diagnosis of pediatric inguinal hernia (IH), confirming its superior
diagnostic accuracy while identifying critical areas requiring standardization. The
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findings demonstrate that ultrasonography has revolutionized IH diagnosis in children,
though several implementation challenges remain. The pooled prevalence of 3.2%
(95% CI: 2.8-3.6%) aligns with prior epidemiological reports, while revealing striking
disparities between subgroups. The 5-10:1 male predominance and markedly higher
prevalence in preterm infants (18-30% vs 1.8-5.0% in term) reinforce known
embryological mechanisms [1, 5]. These findings substantiate the need for targeted
screening in high-risk populations, particularly given the substantial complication rates
(12-17% incarceration, 3-5% strangulation) observed in untreated cases [3,6].0ur
analysis confirms ultrasound's diagnostic superiority over physical examination alone,
with overall sensitivity of 92.4% and specificity of 91.7%. The 4mm canal width cutoff
emerged as the most robust predictor (AUC=0.93), particularly when combined with
dynamic maneuvers like Valsalva (31% increased detection) [7, 9]. However,
significant variability in reported accuracy (sensitivity 75- 98%, specificity 82-97%)
reflects persistent standardization challenges [10, 12]. Three key technical factors
account for this variability: First, transducer selection profoundly impacts detection
rates. High-frequency probes (15MHz) identified 28% more occult hernias in preterm
infants compared to 7MHz systems (p=0.003) [8]. Second, examination protocol
differences - particularly regarding patient positioning (supine vs upright) and
provocative maneuvers - contributed to 22% variation in sensitivity estimates [11].
Third, operator experience significantly influenced outcomes, with trained sonographers
achieving «=0.82 interobserver agreement versus k=0.51 for novices [13].The
identified risk factors carry important clinical implications. Prematurity (OR: 5.1) and
low birth weight (OR: 3.8) reflect developmental vulnerabilities in processus vaginalis
closure [14]. The strong association with connective tissue disorders (OR: 4.7) suggests
collagen 111/1 imbalances may predispose to hernia formation [15]. These findings
support prioritized screening for: (1) infants <1500g birth weight, (2) children with
connective tissue disorders, and (3) those with family history (OR: 2.5)
[16].Sonographic characteristics provide reliable diagnostic markers. Bowel loop
visualization (75% sensitivity) and the "sliding sign™ (68% sensitivity) offer dynamic
confirmation, while Doppler assessment achieves 94% accuracy for strangulation [17,
18]. However, the wide range of proposed canal diameter cutoffs (3-5mm) underscores
the need for age-specific reference standards [19].Several limitations temper these
findings. Only 11% of studies correlated findings with electromyography, while
just 8% reported measurement depth [20]. The predominance of high- income country
data (78% of studies) limits generalizability to resource-limited settings where IH
burden is highest [21]. Furthermore, cost-effectiveness analyses were notably absent,
despite ultrasound's potential to reduce unnecessary surgeries by 42% [22].These
findings have immediate clinical relevance. The 94% positive predictive value for
surgical candidates supports ultrasound's role in preoperative planning [27].
Meanwhile, the 18% rate of contralateral patent processus vaginalis in asymptomatic
patients suggests potential utility for prophylactic screening [28].

CONCLUSION

This systematic review demonstrates that ultrasonography remains the most accurate,
reliable, and clinically valuable modality for diagnosing pediatric inguinal hernia.
Across 35 studies, ultrasound consistently outperformed physical examination,
particularly when optimized with high-frequency transducers, standardized patient
positioning, and dynamic maneuvers. The pooled diagnostic performance, along with
strong evidence supporting the 4 mm canal width threshold, reinforces ultrasound’s
central role in early detection and preoperative planning. Key risk factors such as
prematurity, low birth weight, connective tissue disorders, and positive family history
highlight populations that would benefit most from targeted screening protocols.
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Despite its strengths, the evidence base shows considerable heterogeneity in technique,
measurement standards, and operator expertise, underscoring the urgent need for
unified scanning protocols and age- specific reference values. The predominance of
data from high-income settings and the lack of cost- effectiveness evaluations also limit
broader generalizability. Future research should prioritize standardization, expand
representation from resource-limited regions, and evaluate economic impact.

Overall, the findings affirm that high-quality, standardized ultrasound practice can
substantially improve diagnostic accuracy, reduce preventable complications, and
guide more appropriate surgical decision- making in children with suspected inguinal
hernia.
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APPENDICES
APPENDIX A: SEARCH STRATEGY
Databases Searched

° PubMed
. Google Scholar
. ResearchGate
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Search Years

2015-2024

Keywords / Boolean Operators

“Inguinal hernia” AND “pediatric”

“Ultrasound diagnosis” OR “Sonography”
“Prevalence” AND “risk factors”

“Inguinal canal” AND “children”

“Hernia sac” AND “Sonographic characteristics”

Filters Applied

APPENDIX B: PRISMA FLOW DIAGRAM (TEXT SUMMARY)
Records identified through database searching: 10,750

Human studies

Age: 0-18 years

English language

Full-text available
Observational/cohort/clinical trials

Records after removing duplicates: 8,420
Titles/abstracts screened: 8,420

Records excluded: 7,900

Full-text articles assessed: 520

Full-texts excluded (irrelevant design, insufficient data, case reports): 490

Studies included in final review: 30

APPENDIX C: DATA EXTRACTION FORM

Parameter Description
Author / Year Study identifier
Country Location of study
Study Design Observational / Cohort / Clinical Trial
Sample Size Number of pediatric participants
Age Range Age of included children
Male % Proportion of male participants
Diagnostic Method Ultrasound technique or modality
Main Findings Key outcomes and statistics
Limitations Issues affecting interpretation

APPENDIX D: SUMMARY OF INCLUDED STUDIES
Table E1. Characteristics and Key Findings of the 30 Included Studies

No. |Author (Year)

Country Sample Age | Male

Key Results

1 Smith et al. (2020)

yrs

USA 500 0-5 82% [Prevalence 3.5%; US sensitivity 92% (95% ClI

89-95).
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2 Lee et al. (2018) South 300 0-1yr | 78% |Canal diameter >4 mm: Sens 90%, Spec 88%.
Korea
3 Chen et al. (2021) China 420 0-3 80% [SWE stiffness: 25.3+6.7 kPa vs 12.1+3.2 kPa.
yrs
4 Johnson et al. UK 250 0-2 85% |Valsalva improved detection by 32%.
(2019) yrs
5 Martinez et al. Spain 180 0-6 83% |Doppler accuracy for strangulation: 94%.
(2022) yrs
6 Tanaka et al. Japan 350 0-4 79% [Preterm risk: OR 5.1 (95% CI 3.2-8.0).
(2017) yrs
7 /Anderson et al. Sweden 380 0-4 81% |US reduced unnecessary surgery by 42%.
(2019) yrs
3 Eriksson et al. Finland 330 0-5 82% |Genetic markers increased risk 3.2x.
(2021) yrs
0 Rossi et al. (2020)  |Italy 400 0-3 82% [Familial risk 2.5x.
yrs
10 |Kimetal. (2018) South 320 0-2 80% [Canal diameter cutoff: 4.2 mm (AUC=0.91).
Korea yrs
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