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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: Surgical treatment of hiatal hernia (HH) and
concomitant gastroesophageal reflux disease (GERD) remains
one of the most complex and controversial areas of modern
abdominal surgery. Traditional two-dimensional imaging
techniques, such as radiography and conventional computed
tomography (CT), are often insufficient for detailed assessment
of the complex spatial relationships within the esophagogastric
junction. This frequently leads to inaccuracies in preoperative
planning and, consequently, to unsatisfactory long-term surgical
outcomes. In this context, three-dimensional (3D) modeling
based on CT data offers new opportunities for the development
of personalized surgical strategies.

Objective: To characterize, based on a comprehensive analysis
of the literature, the current state, practical applications, and
future directions of 3D modeling technologies in the surgical
management of hiatal hernia (HH), including the following
aspects: diagnosis of the pathology; preoperative planning of the
surgical extent and operative strategy; intraoperative navigation;
and evaluation of the effectiveness of surgical treatment.

Materials and Methods: A systematic review was conducted
in accordance with the PRISMA guidelines. Publications
from 2010 to 2025 were searched and analyzed. The literature
search was performed using several scientific databases,
including PubMed, Web of Science, Scopus, eLIBRARY, and
CyberLeninka. The research methods included analytical review
and data synthesis. The inclusion criteria comprised original
clinical studies, review articles, and case reports addressing the
application of 3D modeling, CT-based anatomical assessment,
and virtual and augmented reality technologies in the surgical
management of hiatal hernia (HH) and gastroesophageal reflux
disease (GERD). Filters were applied to include only studies
published in English or Russian and conducted in human
subjects. Particular attention was paid to studies reporting
clinical effectiveness and practical outcomes associated with
the use of these technologies in HH and GERD surgery. The
literature search was performed using the following keywords:
“reflux esophagitis,” “hiatal hernia,” “computed tomography,”
“preoperative planning,” “surgical navigation,” “3D modeling,”
and “augmented reality.”

Results: The analysis of the obtained data confirms that
the implementation of 3D modeling leads to modification of
the standard treatment protocol for hiatal hernia (HH). At the
diagnostic stage, this technology enables reliable identification
of the type and size of the hernia, as well as detailed assessment
of anatomical structures that are critical for surgical intervention,
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including the length of the abdominal esophagus, the degree
of separation of the diaphragmatic crura, the presence and
extent of esophageal shortening (if present), and specific
features of vascular anatomy. These data allow the surgeon
to comprehensively evaluate patient-specific anatomical
characteristics, determine the optimal surgical approach
(laparoscopic, robotic, thoracic, or open), and select the most
appropriate type of fundoplication (Chernousov, Nissen, or
Toupet technique).

Conclusion: The integration of 3D modeling technologies into
routine clinical practice enables comprehensive visualization of
anatomical structures, precise measurement of the pathological
lesion, and determination of its spatial relationship with adjacent
organs and vascular structures. This facilitates accurate planning
of the extent and strategy of surgical intervention, minimizes the
risk of intraoperative complications, and improves the overall
effectiveness of surgical treatment.

Key words. Hiatal hernia, 3D modeling, computed
tomography, preoperative planning, reflux esophagitis.

Introduction.

Currently, hiatal hernias (HH) represent the most common
benign pathology of the esophagogastric junction. This condition
is one of the leading causes of gastroesophageal reflux disease
(GERD) and accounts for more than 90% of all diaphragmatic
hernias. Despite significant advances in surgical techniques and
the transition to minimally invasive approaches, the problem of
a high recurrence rate remains relevant, reaching up to 17% of
cases, with approximately 9% of patients requiring reoperation
[1-3]. The high prevalence of HH determines its considerable
clinical significance in surgery: the increasing detection rate
of this pathology correlates with a growing number of surgical
interventions, as well as with a rising proportion of recurrent
hernias. Revisional operations are associated with substantial
technical difficulties caused by disruption of anatomical
landmarks following previous surgical interventions [4,5].

The history of surgical correction of hiatal hernia (HH) dates
back to 1919, when A. Soresi performed the first surgical
procedure for this pathology. In the following decades,
fundamental contributions to the development of antireflux
surgery were made through the research and clinical innovations
of Allison, Belsey, Nissen, Toupet, Dor, and Collis, who
established the anatomical and physiological foundations of
surgical treatment for HH [6,7].

In the 1990s, the introduction of laparoscopic technologies
marked a major breakthrough in the surgical treatment of
hiatal hernia (HH). Minimally invasive techniques reduced the
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surgical trauma associated with these procedures and expanded
the indications for operative management. However, according
to some authors, the quantitative increase in the number of
procedures was not accompanied by a comparable qualitative
improvement in treatment outcomes. Despite the technological
simplification of surgical access, the key anatomical and
pathophysiological aspects of HH and reflux esophagitis have
remained unchanged.

In contemporary clinical practice, several unresolved issues
remain. These include a high recurrence rate (in paracsophageal
and large axial hernias, recurrence rates reach 30-60%,
often necessitating reoperation); esophageal shortening (this
condition frequently remains undiagnosed before surgery, which
negatively affects outcomes and may lead to tissue tension,
ischemia, slippage or disruption of the fundoplication wrap,
and ultimately recurrence); and the choice of fundoplication
technique, whether complete (360°) or partial (270° or 180°),
which is often based on the surgeon’s subjective preference.
Another controversial issue is the use of mesh implants.
Ongoing debates regarding the feasibility of implant placement
(tension-free versus mesh-reinforced repair) for hiatal defect
reconstruction have not yet led to the establishment of an optimal
approach. Complications associated with mesh migration and
erosion have prompted many specialists to avoid their routine

use [8-12].
Conventional diagnostic methods, such as contrast
radiography and  esophagogastroduodenoscopy  (EGD),

provide a two-dimensional, often static, and largely subjective
representation of the complex, three-dimensional, and dynamic
anatomy of the esophagogastric junction. Although computed
tomography (CT) is inherently a three-dimensional modality, its
interpretation is typically performed through analysis of a series
of two-dimensional slices. This requires the surgeon to mentally
reconstruct a volumetric image, which is prone to errors
and dependent on individual experience. At the intersection
of unresolved clinical challenges and the limitations of
diagnostic techniques, a new paradigm has emerged — digital
(personalized) surgery. A central component of this approach is
three-dimensional (3D) modeling — a technology for creating
interactive, anatomically accurate virtual models of organs and
pathological structures based on CT or MRI data. This tool
enables detailed preoperative study of patient-specific anatomy,
quantitative assessment of parameters previously inaccessible
for measurement, and the development of a surgical plan,
including the opportunity for virtual rehearsal of the procedure.

Advances in radiological imaging, particularly computed
tomography (CT), have made it possible to obtain valuable
diagnostic information that can be used to plan the extent of
the forthcoming surgical intervention. Modern radiological
techniques, especially multislice computed tomography
(MSCT), provide detailed anatomical information essential for
evidence-based planning of hiatal hernia (HH) surgery. The
advantages of a 3D model of the organ of interest in preoperative
planning include: detailed study of organ anatomy (the
spatial model allows measurement of the pathological lesion,
determination of its size, and assessment of its position relative
to adjacent organs and vascular structures); selection of the
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optimal surgical approach (preoperative evaluation of various
operative scenarios with calculation of incision trajectories
and potential risk to critical structures, which overall shortens
operative time and reduces the risk of complications); and
visualization of vascular architecture (by integrating the spatial
model with an endoscopic camera, the surgeon can observe
arterial and venous structures superimposed on the operative
field in real time).

This article focuses on the application of 3D modeling in
antireflux surgery, examining its advantages and limitations, as
well as the potential for tailoring surgical strategies based on
patient-specific anatomical characteristics.

Materials and Methods.

Methodology: The PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines were
used as the framework for this systematic review, ensuring
methodological rigor and clarity of presentation.

Search Strategy: A comprehensive literature search and
analysis were performed using electronic databases, including
PubMed/MEDLINE, Web of Science, Scopus, Embase,
eLIBRARY, and CyberLeninka, covering publications from
January 1, 2010, to December 31, 2025. Unpublished data,
organizational websites, and clinical trial registries were
not included. The following search terms were used: “reflux
esophagitis,” “hiatal hernia,” “computed tomography,”
“preoperative planning,” “surgical navigation,” “3D modeling,”
and “augmented reality.” Filters were applied to include only
peer-reviewed publications in English or Russian. Additional
relevant articles were identified through manual searches of
reference lists in reviews and meta-analyses.

Selection Criteria:

Inclusion criteria were as follows: publications dated
from 2010 to 2025; original clinical studies, review articles,
case reports, and publications addressing the use of 3D
modeling, CT-based anatomy, and virtual or augmented reality
technologies in the surgical management of hiatal hernia (HH)
and gastroesophageal reflux disease (GERD). Filters were
applied to include only peer-reviewed studies published in
English or Russian and conducted in human subjects. Particular
attention was given to studies reporting clinical effectiveness
and practical outcomes of the methods applied in HH and
GERD surgery. Only studies containing clinical or validation
data were included.

Exclusion criteria included: studies with insufficient or
ambiguous methodology, non-peer-reviewed sources, and
publications in languages other than English or Russian.

Study Selection Process: the selection of studies was conducted
according to a structured procedure designed to minimize bias.
Duplicates were removed using a Microsoft Excel spreadsheet
containing the following fields: author(s), year, country, chronic
condition studied, sample size, study design, type of validation,
and diagnostic performance outcomes. Data extraction was
performed by two independent reviewers using a standardized
form to ensure accuracy. Discrepancies were resolved by
consensus, and titles and abstracts were screened for eligibility
based on the predefined inclusion and exclusion criteria.
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Figure 1. PRISMA flow diagram.

Results.

A comprehensive literature search identified 195 publications
across various databases. Of these, 103 publications were
published between 2010 and 2025, reflecting growing interest
in three-dimensional modeling. After removing duplicates, 107
publications remained for preliminary screening. During title
and abstract review, 52 studies were excluded due to irrelevance
of topic, study design, or type of data and outcome measures,
leaving 55 full-text articles for inclusion. No automation tools
were used at any stage of the selection process. Ultimately, 55
full-text studies were included in the review (Figure 1).

Review.

The development of the modern classification of hiatal hernias
(HH) traces back to the foundational work of N.R. Barrett in the
mid-20th century. A definitive systematization was presented in
1967 by D. Scinner and R. Belsey, who identified four primary
types of HH, laying the groundwork for subsequent clinical and
surgical interpretation of the pathology. For decades, surgical
training and medical education relied on two-dimensional
schematic illustrations in textbooks. Traditional diagrams
depicted simplified “sliding” or “rolling” of the stomach into the
thoracic cavity, with idealized representations of the esophagus
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and diaphragmatic crura. While educationally valuable, these
schematics had significant limitations: they were static (lacking
dynamic representation of pathological changes), idealized
(not reflecting true anatomical variability), two-dimensional
(unable to convey volumetric relationships between structures),
and simplified (ignoring complex deformations seen in large
hernias). As a result, surgeons often encounter intraoperative
anatomy that differs substantially from textbook illustrations.
For example, in large paraesophageal hernias, there may be a
sizable hernial sac causing mediastinal displacement; atrophic
and stretched diaphragmatic crura; a shortened and deformed
esophagus, often fixed by scar tissue; and rotational changes of
the stomach disrupting its natural axis [13].

It is important to recognize that two-dimensional schematics
are unable to fully visualize the spatial relationships between
organs and critical anatomical structures, such as the descending
aorta, celiac trunk, and inferior vena cava. These structures are
frequently the source of intraoperative complications, including
iatrogenic injury to major vessels and inadvertent trauma to
mediastinal organs.

The limitations of conventional visualization highlight the
relevance of incorporating three-dimensional (3D) technologies
into preoperative planning. A landmark development in 3D



Figure 2 A,B. Contrast-enhanced MDCT of the thoracic and abdominal organs in a patient with a giant type IV hiatal hernia. (a) Frontal view
and (b) Sagittal view. Intravenous and oral contrast agents were administered. The stomach is displaced into the posterior mediastinum. The arrow
indicates the approximate level of the diaphragm.

Figure 3. Segmentation and computer modeling stage. The image shows the segmentation masks used to create the digital model. Different colors
represent distinct anatomical structures: blue — diaphragm; green — intrathoracic portion of the stomach (contents of the hernia sac); yellow —
intra-abdominal portion of the stomach, red — arterial vasculature (aorta and its branches). This step allows for precise determination of the
spatial location of each structure before generating the final 3D model.

4B
Figure 44,B. 3D Modeling. 4a: Pink — stomach above the diaphragm; yellow — stomach below the diaphragm, blue — diaphragm; red — arteries;

purple — splenic vein; green — spleen. 4b: Diaphragmatic hiatus. The arrow indicates the diaphragmatic defect, the dimensions of which can be
accurately measured using this 3D model.
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visualization was presented by Kavic S.M. etal. (2006), who were
the first to apply polygonal surface modeling to create dynamic
3D reconstructions of all four types of hiatal hernias. The study
was based on multidetector computed tomography (MDCT)
data from real patients. The authors went beyond generating
static volumetric images by developing interactive models that
could be rotated 360°, allowing anatomical relationships to be
examined from any perspective. A key clinical insight from
this study was that on two-dimensional slices, the boundary
between a large type I sliding hernia and a type III mixed hernia
is often indistinct and subjective. In contrast, the 3D model
enabled accurate assessment of the gastroesophageal junction
and gastric fundus, allowing precise hernia classification. This
precision has direct tactical significance, as type III hernias
generally require more thorough esophageal mobilization and
more secure gastric fixation [14].

Thus, it was demonstrated at an early stage that 3D modeling
is not merely a visualization tool, but a means of enhancing
diagnostic accuracy, which is a critical prerequisite for
successful treatment.

Following the initial successes in reconstructing anatomical
structures from two-dimensional CT images, 3D modeling has
beenactivelyintegratedintosurgical practice, both foreducational
purposes and in the clinical setting. Contemporary studies
emphasize the broad potential of this technology, demonstrating
positive effects on intraoperative and postoperative outcomes
in gastroesophageal surgery when comparing three-dimensional
and conventional two-dimensional visualization [15-17]. In the
Russian Federation, 3D modeling has been successfully applied
for some time in several surgical specialties, particularly
urology and hepatobiliary surgery, largely due to the relatively
static nature of anatomical structures in these fields. However,
in pathologies of the gastroesophageal junction, the situation is
different: the dynamic nature of the region and the complexity
of its anatomy require specialized approaches. Despite the
promise of the method, no large-scale systematic studies on the
application of 3D modeling in this area have yet been published
in Russia. Although the number of studies examining the
benefits of 3D modeling for surgical planning remains limited,
available data indicate improvements in clinical outcomes.
For example, in urology, the use of 3D technologies has been
associated with reduced operative time, decreased blood loss,
and shorter hospital stays [18-23].

Inmodern surgery, 3D reconstruction is utilized for preoperative
planning and precise execution of procedures, particularly in
complex cases where conventional two-dimensional imaging
is insufficiently informative. 3D models can also be employed
in training simulators within educational programs for
junior surgeons [24-27]. Intraoperative navigation allows for
personalization of the anatomy of the gastroesophageal junction
and improves orientation during surgery. Several studies have
confirmed that preoperative 3D reconstruction contributes
to better surgical outcomes and reduces the incidence of
postoperative complications [28].

Stages of 3D Modeling in Hiatal Hernia Surgery.

Modern technologies have significantly expanded the potential
of 3D visualization. Today, 3D modeling for hiatal hernias
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(hiatal hernia of the esophageal hiatus, HHEH) represents a
multistage process, which includes the following steps:

1. Data acquisition: The foundation of the process is high-
resolution multidetector computed tomography (MDCT) of the
thoracic and abdominal organs with contrast enhancement. The
minimum acceptable resolution is 64 slices (Figure 2).

All figures 2-4 represent original data obtained during the
authors’ clinical work at Sechenov University and the Additive
Technologies Laboratory of Bashkir State Medical University
(BashSMU) and comply with all ethical standards.

The scanning phase is critically important:

° Arterial phase — optimal for visualization of vascular
structures.
. Delayed phase or oral contrast administration —

required for gastric enhancement and detection of sliding hiatal
hernias.

Segmentation.

This is the most labor-intensive and critical stage, during which
a radiology specialist uses dedicated software (e.g., Materialise
Mimics, Synapse 3D, Inobitec Medical Imaging Software for
3D image reconstruction, 3D Slicer image computing platform)
to delineate anatomical structures from the CT dataset [29].

The methodology for creating a three-dimensional model
includes multiplanar and volumetric reconstruction based on
arterial-phase CT data. Segmentation is performed stepwise
according to Hounsfield units (HU) using three masking modes:
“Threshold” (based on specific HU values), “Interval” (density
range), and “Color tables” (for tissues corresponding to the
selected palette). The following tables are applied: [WL] high/
low intensity, [WL] intensity interval, and CT-Bones + Skin.

Next, contrast and gas within the stomach and intestines are
segmented, followed by the arterial vasculature (aorta, left
and right gastric arteries, right gastroepiploic artery, splenic
artery and vein). Subsequently, the walls of the esophagus and
stomach, as well as the spleen, are delineated, and for clarity,
the diaphragmatic contour is added. Segmentation surfaces are
generated for all masks, enhancing model visualization. The
resulting 3D models are later compared with the intraoperative
findings, allowing assessment of their accuracy relative to the
patient’s real anatomy and evaluation of their impact on surgical
workflow and the early postoperative period (Figure 3).

Model Generation.

The segmented structures are converted into polygonal
meshes, which serve as the basis for creating volumetric,
colored, interactive 3D models that allow rotation, scaling, and
detailed analysis (Figure 4).

Analysis and Preoperative Planning.

The 3D model enables precise measurements that are either
unavailable or poorly informative on 2D slices: exact length of the
intra-abdominal esophagus: According to CT-anatomy studies,
the normal length ranges from 10 to 53 mm, whereas in hiatal
hernia (HH) it can be reduced to zero. Unlike 2D projections,
the 3D model allows measurement along the true curvature of
the esophagus. Area and geometry of the hiatal defect: Instead
of subjective assessment (“large opening”), the model allows
precise calculation of the defect’s area, determination of its shape



Table 1. Impact of 3D Modeling and Advanced Visualization on Surgical Outcomes.

Surgical result indicator  Quantified benefit of 3D modeling

Source (Reference) Clinical significance

In bariatric surgery, meta-analytic data indicate

that preoperative 3D modeling reduces

operative time by an average of 23.5 minutes,
while in robotic partial nephrectomy, a reduction

Operative time of 16.2 minutes has been observed. These

time savings reflect improved preoperative

Reduced anesthesia time,
enhanced operating room
utilization, potential cost
reduction.

Shirk et al., 2019 [23];
Robb et al., 2025 [22]

planning, enhanced intraoperative navigation,
and more efficient dissection of critical structures.

Significant reduction in blood loss (104.6 mL
less; standardized mean difference favoring 3D

Intraoperative blood loss
in meta-analysis

Length of hospital stay Reduction in hospital stay by 1.4 days

Trend toward reduced intraoperative
Complication Rates

Potential for reduction of complications through
objective identification of a “short esophagus”
and rational patient selection for gastroplasty and

Hiatal hernia recurrence
rates
cruroplasty.

Objective avoidance of vessels: 3D models
demonstrate arterial variations (splenic and gastric
arteries), enabling safe planning of the dissection

Vascular injury
avoidance precision
trajectory.

Spatial classification

accurac . L
Y were ambiguous or subjective.

(round, oval, slit-like), and measurement of the diaphragmatic
crura. These parameters are critical for selecting the appropriate
repair method (sutures versus mesh implant). Volume of the
hernial sac and degree of mediastinal displacement: Enables
virtual repositioning of the stomach. The surgeon can “return”
the stomach to the abdominal cavity within the model and assess
whether esophageal tension occurs—an essential indicator of
true esophageal shortening.

Thus, the modern 3D model transforms into a “digital twin” of
the patient—a unique, highly accurate anatomical map that can be
analysed comprehensively. Itserves as the basis forapersonalized
surgical plan, taking into account individual anatomical features
and the specifics of the pathological process. One recognized
factor affecting the long-term efficacy of hiatal hernia and
GERD surgical correction is secondary esophageal shortening.
This anatomic-functional defect remained insufficiently studied
for a long time, particularly during the widespread adoption of
minimally invasive procedures. By the mid-2000s, however,
the scientific community refocused on its role in recurrence and
unsatisfactory outcomes of gastroesophageal junction surgery.
Reliable preoperative verification of esophageal shortening
remains a challenging diagnostic task. Modern instrumental
methods (contrast radiography, endoscopy, and manometry)
only detect indirect signs: fixation of the gastroesophageal
junction above the diaphragm, persistent shortening of the
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complications with improved identification of
“invisible” structures, such as aberrant vessels.

Definitive classification of hiatal hernia types
(Type I versus Type III) in cases where 2D slices

Reduction in the need for
blood transfusions, decreased
risk of hemodynamic
instability, and a cleaner
surgical field.

Shirk et al., 2019 [23];
Robb et al., 2025 [22]

Accelerated recovery, lower
healthcare costs, lower risk
of in-hospital complications
Improved patient safety,
particularly in complex
primary and repeat surgeries.
Improved fundoplication
function and reduced
reoperation rate (9%
reoperation rate in the initial
data)

Essential for the prevention
of iatrogenic injuries during
gastric fundus and greater
curvature mobilization.

Shirk et al., 2019 [23]

Kavic et al., 2006 [14];
Hofstetter et al., 2022 [26]

Chernousov et al., 2011 [8];
Gallyamov et al., 2019 [41];
Fedorov V.I. et al., 2024 [5]

Serensen SM et al., 2016 [7];
Robb et al., 2025 [22];
Khorobrykh T.V. et al., 2025 [51]

Simplification of complex
anatomical relationships and
facilitation of anatomical
surgical planning

Kavic et al., 2006 [14]

intra-abdominal esophagus, or resistant peptic strictures. These
indicators do not provide definitive confirmation of structural
alteration, complicating surgical planning [30,31].

The principle of creating a 3D model is based on CT
data. The model allows virtual simulation of a reduction
maneuver: the stomach can be completely repositioned into its
anatomically correct abdominal location and the diaphragmatic
crura approximated. After this virtual repositioning, the
gastroesophageal junction’s position is assessed. If it remains
above the diaphragm, and the esophagus appears tortuous,
stretched, or cannot reach the intended position without tension,
this is a direct indication of esophageal shortening. Using 3D
modeling, it is possible to quantitatively measure the “length
deficit”—the distance by which the esophagus fails to reach the
required level after stomach repositioning.

Obtaining this information preoperatively fundamentally
alters the treatment strategy. Instead of discovering the issue
intraoperatively—when all efforts are focused on mobilization—
the surgeon is already aware that they are dealing with a
complex case. This knowledge allows for careful planning
of the operative approach, taking into account the identified
esophageal shortening, and enables discussion of all risks and
potential compromises with the patient during the informed
consent process. The patient is thus prepared for a more complex
procedure and any specific postoperative limitations. In this



way, 3D modeling transforms an intraoperative “complex case”
into a planned component of the surgical strategy, increasing
the likelihood of a successful outcome and reducing the risk of
complications.

Selection of Fundoplication Technique in Hiatal Hernia
Surgery: Modern Approaches and the Role of 3D Modeling.

In contemporary surgery for hiatal hernias (HH), the primary
fundoplication techniques include: Nissen, Toupet, Dor, and
Chernousov procedures. These operations demonstrate high
efficacy with relatively low recurrence rates, remaining widely
utilized in clinical practice. Nissen fundoplication is considered
the “gold standard” in surgical treatment of HH. The technique
involves mobilization of the gastric fundus and the upper third
of the stomach, wrapping the distal esophagus with the gastric
wall to form a complete 360° fundoplication. Many authors note
that patients often experience varying degrees of dysphagia in
the early postoperative period, usually due to rotation of the
esophagus along its axis as the fundus is positioned posteriorly.
Reported recurrence rates range from 4% to 10% [32,33].
Toupet has gained popularity for creating a reliable antireflux
barrier while minimizing early postoperative dysphagia [34].
The procedure involves esophageal mobilization and suturing
the diaphragmatic crura, similar to the Nissen approach, but
only partially wraps the esophagus (180°-270°), leaving the
anterior-right esophageal surface free to protect the left vagus
nerve. The procedure’s efficacy averages 95%. Dor was initially
proposed as an adjunct to cardiomyotomy (Heller procedure).
The technique involves suturing the stomach to the anterior-
right esophageal wall and diaphragmatic ligament. Limitations
include insufficient prevention of gastric reflux and high
recurrence rates (33.3%-100% depending on authors) [35].
This method is appropriate primarily for correcting achalasia
with concurrent myotomy. Chernousov, developed by A.F.
Chernousov, combines elements of cardia calibration with
complete fundoplication. Key steps include full mobilization
of the gastric fundus, formation of a cuff without twisting or
tensioning the tissues, sequential seromuscular coverage of the
lesser curvature, and creation of a symmetrical 4-5 cm cuff with
the esophagus positioned between the anterior and posterior
gastric walls. The apex is secured with circumferential sutures
to prevent slippage. This design ensures the fundoplication cuff
remains stable, unlike Nissen or Toupet procedures, which is
particularly important in cases of short esophagus. Transient
postoperative dysphagia may occur but usually resolves
spontaneously within weeks or can be managed with balloon
dilation. According to A.F. Chernousov et al., early and long-
term outcomes are favorable, with low dysphagia rates (2.4%)
and reflux esophagitis (3.5% over 5 years), and satisfactory
results observed in 94.4% of patients [6,36-39].

Based on the above, 3D modeling complements traditional
approaches by providing critical anatomical context for
selecting the optimal type of anti-reflux reconstruction. The
key advantages include: assessment of the volume and mobility
of the gastric fundus — enabling determination of whether the
fundus is involved in the hernia sac. Visualization of vascular
anatomy — a 3D model obtained in the arterial contrast phase
demonstrates anatomical variations of the splenic vessels and
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allows planning a safe dissection trajectory, minimizing the risk
of vascular injury during mobilization of the gastric fundus and
greater curvature. Prediction of vagus nerve course — although
the nerves are not directly visible on standard CT, their typical
anatomical trajectory along the esophagus can be inferred.
The model helps visualize areas at increased risk of nerve
injury. Integration of CT and 3D modeling data — provides the
most complete anatomical representation, supports informed
decisions on the choice of anti-reflux reconstruction technique,
enhances the precision of preoperative planning, and reduces
intraoperative risks [40,41].

Hiatal Hernia Repair — Is Mesh Necessary?

Returning to the fundamentals of anti-reflux surgery, a key
principle is the avoidance of foreign materials in the operative
field, as debatesregarding the use of mesh implants in hiatal hernia
repaircontinueduetothelack ofhigh-quality evidence confirming
their efficacy and long-term safety [42]. Mesh implants may be
considered to reinforce the hiatal defect, particularly in cases
of large or giant hernias where primary, tension-free closure is
challenging. According to B.K. Oelschlager et al. (2011), mesh
reinforcement in the treatment of recurrent paraesophageal
hernias reduces short-term recurrence rates. Additionally, when
it is not possible to reliably approximate atrophic or widely
separated diaphragmatic crura, the inlay technique—a tension-
free repair with placement of the implant posterior to the
esophagus—may be an option, though it carries inherent risks.
R.M. Higgins etal. (2017) demonstrated that when reinforcement
of the esophageal hiatus is necessary, implant placement is safe
and has minimal impact on outcomes of reoperative surgery. It
is noteworthy that in repeat operations, many surgeons prefer
biologic or biosynthetic meshes, which are partially or fully
resorbable over time, providing reinforcement of the hiatal
defect while theoretically reducing the long-term risk of mesh
erosion.

Despite this, several authors question the safety of mesh
placement in the esophageal hiatus, particularly in cases of
giant hiatal hernias, due to potential complications such as
infection, implant migration, erosion of the esophagus or aorta,
and esophageal stenosis or obstruction. In certain fixation
techniques, for example the onlay method, the anterior edge
of the mesh may contact the esophagus, increasing the risk of
dysphagia and other adverse outcomes [43-45].

3D modeling brings objectivity to this discussion by enabling
surgical decisions based on the patient’s individual anatomy.
Key parameters include: defect area: Calculated after virtual
approximation of the diaphragmatic crura. “Risk zone” for
esophageal contact: Perhaps the most critical parameter. The
decision to use a mesh should be made individually, taking into
account defect size, tissue quality, coexisting pathologies, and
surgeon experience. 3D modeling can serve as a valuable tool to
personalize the surgical approach and minimize operative risks.

Role of 3D Modeling in Revision Surgery.

Revision surgery following unsuccessful anti-reflux
procedures represents a highly complex intervention, associated
with technical difficulties and elevated risk of complications.
The primary challenge is complete disruption of normal
anatomy due to adhesions in the upper abdominal compartment,



often accompanied by replacement of the gastroesophageal
junction with fibrotic tissue. Injury to the esophagus, stomach,
or spleen during revision procedures is not uncommon. In such
cases, 3D modeling based on preoperative CT becomes a crucial
tool for planning and risk reduction. It enables the surgeon to:
virtually simulate adhesiolysis, identifying the safest planes
for scar tissue dissection while visualizing anatomically
critical structures obscured by adhesions. Assess the position
of displaced organs. In recurrent paraesophageal hernias, the
mediastinal contents may include not only the stomach but also
small and large intestines and the greater omentum. Contrast-
enhanced 3D models provide a clear visualization of the hernia
sac contents. Detect deviations, narrowing, or other anatomical
anomalies. In cases of extensive intra-abdominal adhesions, a
thoracolaparoscopic or even open approach may prove safer,
and 3D modeling allows this decision to be made preoperatively.
Studies by A. Little et al. demonstrated that patients with fewer
prior interventions (e.g., Nissen fundoplication with cruroplasty)
show more pronounced clinical improvement compared to those
who underwent multiple anti-reflux operations (85% vs. 66%,
respectively) [46].

Revision surgery for recurrent and complex hiatal hernias
requires a multidisciplinary approach. 3D modeling and
virtual planning have become indispensable tools, improving
intraoperative navigation, reducing operative risks, and
enhancing the likelihood of a successful outcome. Surgeon
experience and thorough preoperative diagnostics remain
critical components of successful revision surgery.

Preoperative Planning and Virtual Surgery.

Recent advances in digital technology have opened new
opportunities for preoperative planning in abdominal surgery.
Specialized software platforms, such as Surgical Theatre,
VIPER, and 3D Slicer, allow not only the visualization of
three-dimensional anatomical models but also interactive
surgical planning based on these models. Using these digital
tools, the surgeon can virtually mobilize the esophagus,
separating it from surrounding tissues and assessing potential
dissection challenges; simulate repositioning of the stomach
into its anatomically correct location and practice the creation
of various types of fundoplication cuffs, selecting the optimal
configuration according to the patient’s individual anatomical
characteristics; perform virtual cruroplasty, bringing together
the diaphragmatic crura to evaluate the size and geometry of the
hiatal defect after repositioning. This approach allows objective
measurement of the defect area, which, when exceeding 56
cm?, may indicate the need for mesh reinforcement of the repair
[47].

Research Findings in Related Surgical Fields Studies in cardiac
surgery, neurosurgery, and hepatobiliary surgery demonstrate
clinically significant benefits of preoperative virtual simulation,
including: reduced overall operative time, lower incidence
of intraoperative complications, and improved postoperative
outcomes. For example, Panchenkov D.N. et al. (2019) reported
that virtual 3D modeling in liver surgery allows more precise
planning of the resection volume and minimizes the risk of
vascular injury. In a randomized clinical trial, J.D. Shirk et
al. (2019) showed that using 3D virtual models for planning
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robot-assisted kidney resection reduced warm ischemia time
and decreased complication rates [23,48]. In hiatal hernia
surgery (HH), these effects are especially significant in:
complex primary interventions, revision procedures after failed
anti-reflux surgeries, and cases with pronounced anatomical
alterations such as fibrosis or organ displacement [50]. Future
research should focus not merely on comparing “with 3D versus
without 3D” but on evaluating its impact in patient subgroups
stratified by complexity. Literature analysis confirms that the
adoption of 3D modeling shifts the paradigm in HH surgery
from standardized protocols toward personalized, anatomically
informed strategies [51]. Although the body of high-quality
evidence specific to HH surgery is still growing, data from
related fields—particularly hepatobiliary, urological, and
bariatric surgery—provide reliable quantitative benchmarks for
the potential benefits of this technology.

For an evidence-based approach, we summarized the
quantitative results of key studies assessing the impact of 3D
modeling and enhanced visualization on surgical efficiency.
Table 1 presents these findings, showing a consistent trend
toward improved perioperative outcomes across various areas
of abdominal surgery with the use of 3D technologies.

Intraoperative Navigation and Augmented Reality (AR) in
Hiatal Hernia Surgery.

The integration of 3D modeling with intraoperative navigation
and augmented reality (AR) technologies represents the cutting
edge of surgical innovation. The primary goal is to project a
preoperatively created 3D model onto the surgical field, aligning
the virtual anatomy with the patient’s real tissues. This can be
achieved through several approaches: monitor-based projection:
The 3D model is synchronized in real time with the movements
of laparoscopic instruments tracked by sensors. The surgeon
observes on a separate screen the position of the instrument
tip relative to “invisible” structures in the model (e.g., the
splenic artery). Head-mounted AR display (e.g., HoloLens):
Surgeons use specialized glasses that overlay semi-transparent
3D contours of anatomical structures onto the actual operative
field. This creates a “see-through” effect, allowing visualization
of the course of the esophagus within scar tissue, the location
of previously placed mesh, and the topography of vascular
and neural bundles. The greatest value of AR navigation is
demonstrated in revision surgery (during repeat procedures with
scarring and distorted anatomy), high-complexity operations (in
the presence of vascular anomalies or atypical anatomy), and
surgical training, allowing novice surgeons to visualize key
structures before actual dissection.

3D Modeling in Surgical Education and Training: New
Horizons in Learning.

3D modeling serves not only as a clinical tool but also as a
means of education and professional training in hiatal hernia
(HH) surgery. Traditional training methods include assisting in
surgeries, watching surgical videos, and studying 2D anatomical
atlases. These approaches do not provide a full understanding
of the spatial relationships between anatomical structures, do
not allow interactive practice of surgical maneuvers, and offer
only a static representation of normal and pathological anatomy.
It is important to distinguish between two primary modalities:



digital 3D models and physical 3D-printed models, as each
serves different educational purposes

Digital 3D Models (Virtual Simulation): These interactive
models, viewed on screens or through virtual reality (VR)
headsets, are primarily used for spatial reasoning. Trainees
can rotate, scale, and analyze the model layer by layer, gaining
an intuitive understanding of the complex three-dimensional
anatomy of the gastroesophageal junction in both normal and
pathological states (e.g., various types of hiatal hernia). Junior
surgeons can rehearse operative steps on the virtual simulator
prior to performing the actual procedure, safely practicing
techniques such as mobilization, fundoplication formation, and
other critical maneuvers, including management of atypical
scenarios. For experienced surgeons, these models offer
the opportunity to analyze failed cases and recurrences by
visualizing anatomical causes, plan complex revision surgeries
based on 3D reconstructions, and refine surgical techniques
tailored to individual anatomical features. Experience with
such technologies in thoracic surgery demonstrates their high
potential. Authors report that AR navigation allows surgeons to
visualize anatomical variations in real time, where the incidence
of vascular anomalies exceeds 30%, and achieves inter-expert
agreement of 98%, significantly higher than standard CT image
analysis (85%). These findings indicate that AR technologies
enhance the accuracy of identifying complex anatomical
structures, which can be directly extrapolated to hiatal hernia
surgery [51].

Physical 3D Models Created Using 3D Printers: These
are life-size, tangible replicas produced from digital models
using additive manufacturing technologies. Their primary
educational advantages include: tactile feedback: They provide
a realistic sense of touch and tissue handling. In particular,
Luigi Marano et al. demonstrated the effectiveness of using
3D-printed models for training in robotic interventions on the
gastroesophageal junction. Three-dimensional reconstructions
also enhance patient confidence by improving understanding
of their diagnosis, thereby facilitating shared decision-making.
Thus, 3D modeling fosters an intuitive comprehension of
surgical anatomy that is not achievable through traditional
sources; provides a safe environment for skills practice; enables
personalized training tailored to clinical experience; and
strengthens physician—patient partnerships [52-55].
Limitations, Barriers, and Future Directions.

Despite its obvious potential, the integration of 3D modeling
into routine surgical practice faces several significant barriers:
time constraints. The process of segmentation and creation of
a high-quality model by an experienced engineer can be time-
consuming. In the context of a busy clinical schedule, this
often becomes impractical. Segmentation is extremely labor-
intensive. Based on our experience with software such as
Materialise Mimics, 3D Slicer, and Inobitec Medical Imaging
Software, generating an interactive, high-quality 3D model from
raw CT data by an experienced engineer or radiologist typically
takes 2 to 8 hours, depending on the complexity of the anatomy
(e.g., presence of large vessels, hernia size, quality of contrast
enhancement). These time requirements represent a significant
obstacle for routine use in high-demand clinical settings.
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Economic considerations. Implementation requires investment
in specialized software (for example, commercial licenses for
Materialise Mimics and Inobitec Medical Imaging Software
can cost several thousand dollars per year) and dedicated time
of a qualified specialist. These costs—estimated at several
hundred dollars per model when accounting for personnel and
software—are often not reimbursed by healthcare insurance
systems, complicating large-scale economic justification.
Need for professional training. Surgeons must learn not only
to visualize 3D models but also to interpret them correctly and
integrate the information into preoperative planning. Insufficient
high-level evidence. Currently, the number of large prospective
randomized studies convincingly demonstrating the superiority
of 3D preoperative planning in terms of long-term functional
outcomes (quality of life, recurrence rates) remains limited.
Most available data are observational, emphasizing the need
for further research. Future developments. Efforts to overcome
these barriers include automation of segmentation using artificial
intelligence, which promises to reduce processing time from
hours to minutes, as well as the development of standardized,
reimbursable clinical workflows.

Conclusion.

In summary, three-dimensional (3D) modeling represents
not merely a technological innovation, but a fundamental shift
in the approach to surgical management of hiatal hernias. It
moves the focus from standardized procedural schemes toward
personalized medicine, where the surgical strategy is determined
by the unique anatomy of each patient. Current advantages
of the technology include the objectification of preoperative
diagnostics, optimization of decisions regarding the use of mesh
implants, and navigational support during revision surgeries.

Future developments are associated with the integration of
automated modeling into routine diagnostic workflows and the
combination of virtual planning with the operative field through
augmented reality technologies. The role of 3D modeling is
particularly significant in complex and recurrent hiatal hernias,
as it allows reduction of intraoperative complications, increases
the likelihood of long-term surgical success, and ensures
effective relief of reflux and dysphagia symptoms. Thus, 3D
modeling opens new horizons in the surgical treatment of hiatal
hernias, combining diagnostic precision with personalized
therapeutic strategies.
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