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Abstract. Background. Disorders of esophagogastric motility, often associated with the development of hiatal
hernia (HH), represent a common pathological condition. The characteristics of these functional changes may vary
depending on lifestyle factors, levels of physical activity, and adaptive mechanisms, which differ between military
personnel and civilians. Evaluation of such differences is essential for the development of individualized approaches
to the diagnosis and treatment of HH. The purpose was to identify esophagogastric motility disorders as predictors of
hiatal hernia development in military personnel by analyzing parameters obtained through digital pneumoballoon ma-
nometry. Materials and methods. Digital pneumoballoon manometry of the esophagus and stomach was performed
in 66 patients with hiatal hernia (30 military personnel and 36 civilians, serving as the comparison group). The analysis
included assessment of the amplitude and duration of peristaltic waves, rhythmic fluctuations of the esophageal wall,
and pressure in the areas of the lower esophageal sphincter and pyloroduodenal sphincter. Results. The amplitude
of the peristaltic wave in military personnel was 1.9 times higher than in civilians, whereas the wave duration in civi-
lians was 40.5 % longer (p < 0.05). Rhythmic oscillations of the esophageal wall were less pronounced in civilians,
suggesting more significant motility disorders. Pressure in the lower esophageal sphincter region was reduced by
50.7 % in military personnel (p < 0.05) and by 53.7 % in civilians (p < 0.01) compared to control values, contributing
to the development of gastroesophageal reflux. Pressure in the pyloroduodenal sphincter region increased 2.2-fold
in military personnel and 2.8-fold in civilians (p < 0.05). Conclusions. Assessment of esophagogastric motility using
digital pneumoballoon manometry enables the identification of predictors of HH development in military personnel.
The results underscore the need for a personalized approach to the treatment of hiatal hernia.

Keywords: hiatal hernia predictors; esophagogastric motility; lower esophageal sphincter pressure; pyloroduo-
denal sphincter pressure; functional diagnosis

Introduction

Disorders of esophagogastric motility are commonly as-
sociated with the development of gastroesophageal reflux
disease and hiatal hernia (HH) [1, 2]. These conditions sig-
nificantly influence the quality of life of patients by causing
dyspeptic symptoms, reflux esophagitis, and complications
affecting the upper gastrointestinal tract [3].

One of the key factors that impact the severity of
esophagogastric motility dysfunction in patients with HH
is lifestyle, including the level of physical activity. Military
personnel, due to the demands of service, are subjected
to considerable physical and psychological stress, which
may contribute to the onset or progression of these dis-

orders [4]. In civilian patients, risk factors may include
a sedentary lifestyle, excess body weight, and associa-
ted metabolic disturbances. The role of esophagogastric
motility disorders in the development of HH remains a
subject of active scientific investigation. It has been estab-
lished that dysfunction of the lower esophageal sphincter
(LES), alterations in esophageal peristalsis, and increased
pressure in the pyloroduodenal sphincter region may play
a significant role in the pathogenesis of this condition [5].
However, the early predictors of these changes in patients
with varying levels of physical activity and adaptive ca-
pacity, particularly among military personnel, remain not
fully understood.
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In modern gastroenterology, manometry using multi-
channel catheters is recognized as the “gold standard” for
detecting early esophageal motility disorders [6]. Neverthe-
less, high-resolution manometry remains largely inaccessible
in some countries. For example, researchers have highlighted
the need to improve access to this technique in Japan [7, §],
where barium esophagography — with a reported sensitivity
of 94 % — serves as an alternative diagnostic approach [9].
Additionally, the Chicago Classification v3.0 offers a struc-
tured framework for distinguishing between “major” and
“minor” esophageal motility disorders [10, 11].

The pneumoballoon manometry method shows promise
for long-term monitoring of motor activity in the esophagus,
stomach, and duodenum. It enables the assessment of frequen-
cy, amplitude, and nature of smooth muscle contractions in the
walls of the esophagus, stomach, and duodenum, which are re-
sponsible for peristalsis and food transit. In this context, the use
of functional provocation tests such as peristalsis stimulation
through fractional water swallowing is considered a promising
diagnostic approach [5, 12]. Modern combined techniques,
such as manometry integrated with pH-metry and impedance
measurement, significantly enhance diagnostic capabilities,
particularly in evaluating both acid and non-acid reflux.

Gastrointestinal motor function is essential for normal
digestion, facilitating the mixing of food with digestive en-
zymes and its propulsion through the gastrointestinal tract.
Disruptions in esophagogastric motility may lead to the de-
velopment of erosive or non-erosive reflux esophagitis, peptic
ulcer disease, and other pathologies. In cases of esophago-
gastric disorders, manometry provides valuable data on peri-
staltic activity, LES function, and pyloroduodenal sphincter
performance [13—15].

The relevance of this study lies in the need to identify ear-
ly predictors of esophagogastric motility disorders in military
personnel and civilians with hiatal hernia. Digital pneumo-
balloon manometry offers objective data on the predictors of
motility dysfunction and supports a personalized approach to
managing this condition.

The purpose was to identify esophagogastric motility dis-
orders as predictors of hiatal hernia development in military
personnel by analyzing parameters obtained through digital
pneumoballoon manometry.

Materials and methods

To assess esophagogastric motility, intraluminal pres-
sure was recorded using a pneumatic balloon affixed to
the tip of a probe. A Microtech Stone Extraction Balloon
SRB-T-9/12/15-20 endoscopic probe was utilized, connected
to a pressure sensor and an insufflation syringe. Following
system calibration within the range of 0—500 mmHg, the
pneumatic balloon was introduced endoscopically and ad-
vanced through the esophagus; peak pressure values were
recorded at each anatomical segment. Data were digitally
recorded, and pressure values were calculated as the diffe-
rence between peak pressure within the region of interest and
baseline pressure in adjacent segments. Data visualization
and processing were performed using MS Excel, including
the calculation of pressure in the pyloroduodenal region,
LES, as well as the period and amplitude of pressure fluc-
tuations in the balloon when positioned in the esophagus.

The study was conducted in the Department of Digestive
Surgery at the State Institution “Institute of Gastroenterolo-
gy of the National Academy of Medical Sciences of Ukraine”
in 2023—-2024. It involved 9 healthy volunteers without
esophagogastroduodenal pathology (control group) and 66
patients with hiatal hernia (ICD-10 code K44.9), who were
divided into two groups: group I (n = 30) — military person-
nel, further divided by two types of HH: type I (axial, n = 11)
and type II (paraesophageal, n = 19); group II (n = 36) —
civilians (comparison group), also categorized into type I
(axial, n = 22) and type II (paraesophageal, n = 14).

The cohort included 49 men (74.2 %) and 17 women
(25.8 %). The age of the patients ranged from 31 to 63 years.
The mean age was (47.13 = 2.81) years overall, with mili-
tary personnel averaging (41.57 + 3.84) years and civilians
(58.73 £ 2.68) years (p > 0.05).

Statistical analysis included descriptive statistics and
parametric methods (Student’s t-test) for normally distri-
buted variables, as confirmed by the Shapiro-Wilk test. Dif-
ferences were considered statistically significant at p < 0.05.
Data are presented as mean * standard error (M + m), with
minimum and maximum values indicated.

Results

Analysis of digital pneumoballoon manometry in patients
with hiatal hernia revealed significant alterations in esopha-
gogastric motility.

Among military personnel with type I HH, the mean
pressure in the pyloroduodenal sphincter region was
(39.94 + 14.03) mmHg, which was significantly high-
er than in the control group ((17.15 £ 6.60) mmHg). In
patients with type II HH, the pressure was comparable
((39.77 £ 8.07) mmHg, p < 0.05). The frequency of pyloro-
duodenal sphincter hypertonicity in military personnel was
50.0 % in type I HH and 75.0 % in type 11 HH.

The LES pressure was significantly decreased in mili-
tary personnel with both types of HH. In type I HH, it
averaged (9.18 = 4.59) mmHg, while in type II HH, it was
(5.67 £ 1.75) mmHg representing a 59 % reduction compared
to the control group (p < 0.01).

Esophageal peristaltic activity varied significantly be-
tween the two HH types. In military personnel with type I
HH, the amplitude of the peristaltic wave was 5.5 times
higher than in the control group ((83.09 * 4.15) mmHg,
p < 0.001), while in those with type Il HH, it was 2.9 times
higher ((43.84 £ 9.31) mmHg, p < 0.05). Additionally, the
amplitude of the peristaltic wave in type I HH was 90 %
higher compared to type II HH (p < 0.05).

Analysis of rhythmic esophageal wall oscillations
showed variability in amplitude depending on HH type:
(5.51 £2.82) mmHg in type | HH and (13.17 = 4.78) mmHg
in type II HH. The periodicity of these oscillations also va-
ried significantly, reaching (4.62 £ 0.92) seconds in type II
HH, which exceeded the normal values observed in the con-
trol group ((2.99 % 0.13) seconds) (Table 1).

Among civilians with type I HH, the mean pressure in the
pyloroduodenal sphincter region was (45.47 + 8.14) mmHg,
which was 2.6 times higher than the control value
((17.15 £ 6.60) mmHg, p < 0.05). In civilians with type II
HH, this parameter reached (53.47 £ 11.84) mmHg, excee-
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Table 1 — Characteristics of digital pneumoballoon manometry in assessing esophagogastric motility
in military personnel with hiatal hernia, M = m (min; max)

Military personnel with HH
Parameter Control (n = 9)
Typel (n =11) Type Il (n =19)
Pyloroduodenal sphincter pressure, mmHg (107;55 i:ﬁ; 323%19;458;3 (5398.87;7113-18..7017)*
Lower esophageal sphincter pressure, mmHg (1 g;gﬁ 282) (82)?123251?2) (051%7 561.(.323**
. 15.21 £ 10.26 83.09 +4.15 43.84 +9.31
Amplitude, H . . . . *
Esophageal peristaltic mplitude, mmHg (3.63; 41.33) (83.09; 83.09) (31.04; 75.57)*
wave . 12.67 = 1.51 11.00 £ 0.55 11.40+1.25
Duration, s (7.50; 15.00) (11.00; 11.00) (5.67; 15.67)
. 9.67 +4.12 5.51+2.82 13.17 £ 4.78
Amplitude, H . . .
wall oscillations I 2.99 +0.13 2.77 +0.49 4.62 +0.92
Periodicity, s (2.80; 3.17) (1.09; 3.67) (2.00; 10.33)

Notes: * — p < 0.05, statistically significant difference between military personnel and the control group; ** —
p < 0.01, statistically significant difference between military personnel and the control group; *** — p < 0.001,
statistically significant difference between military personnel and the control group; * — statistically significant
compared to the values in type I hiatal hernia, at a significance level of p < 0.05.

ding the control value by 3.1 times (p < 0.05). The frequency
of pyloroduodenal sphincter hypertonicity among civilians
was 68.4 % in type I HH and 83.3 % in type 11 HH.

The LES pressure was significantly reduced in civilians.
In type I HH, it was (6.37 * 1.53) mmHg, which is 53.5 %
lower than in the control group (p < 0.01), and in type 11 HH,
it was (6.28 + 2.24) mmHg, a 54.1 % reduction compared to
the controls (p < 0.05).

Esophageal peristaltic activity in civilians with compro-
mised functional competence of the gastroesophageal junc-
tion (GEJ) also showed alterations. The amplitude of the
peristaltic wave in type I HH was (21.44 + 5.32) mmHg,
while in type II HH, it was (27.23 + 5.69) mmHg, indicating
lower values compared to military personnel.

The peristaltic wave duration in civilians with type 1
HH was significantly prolonged ((22.48 * 4.51) seconds,
p < 0.05), whereas in type II HH, it was (15.53 & 2.20) se-
conds (p > 0.05), indicating a reduction in peristaltic effi-
ciency.

Analysis of thythmic oscillations of the esophageal wall did
not reveal significant differences between HH types. The am-
plitude of oscillations in type I HH was (7.68 = 1.81) mmHg,
while in type II HH, it was (9.14 £ 6.09) mmHg (p < 0.05).
The periodicity of oscillations was higher in civilians with
type I HH ((4.31 £ 0.68) seconds) compared to those with
type I HH ((3.70 & 0.52) seconds) (Table 2).

Discussion

The obtained results indicate significant alterations in
esophagogastric motility in patients with HH.

The observed increase in pyloroduodenal sphincter pres-
sure in military personnel with HH, regardless of its type,
suggests the development of sphincter hypertonicity, which
may contribute to delayed gastric emptying [8].

The reduction in the LES pressure in military person-
nel with type I and II HH by 33.0 and 58.6 %, respectively
(p < 0.01), confirms functional insufficiency of the LES,
which serves as a pathogenic factor in the development of

Table 2 — Characteristics of digital pneumoballoon manometry in assessing esophagogastric motility
in civilians with hiatal hernia, M = m (min; max)

Civilians with HH and GEJ dysfunction

Parameter Control (n = 9)
Type | (n = 22) Type | (n = 14)
Pyloroduodenal sphincter pressure, mmHg (1077155 :—;9?'164(; (5156;712(? 6174)* (%3937 1141122;1*
Lower esophageal sphincter pressure, mmHg (1 gggﬁ ggi) (063367 2111.4%?** (822:? 21262&;‘)*
, 15.21 + 10.26 21.44 +5.32 27.23 +5.69
Amplitude, mmH . . .
Esophageal peristaltic plitu 9 (3.63; 41.33) (5.50; 53.96) (2.92; 35.46)
wave L 12.67 £ 1.51 22.48 + 4.51 15.53 = 2.20
Periodicity, s (7.50; 15.00) (13.50; 50.17)* (12.50; 23.00)
. 9.67 £ 4.12 7.68 +1.81 9.14 £ 6.09
Amplitude, mmH _ .
Rhythmic esophageal mplitude, mmHg (4.81; 16.13) (2.89; 25.13) (2.78; 24.83)
wall oscillations o 2.99 +0.13 4.31+0.68 3.70 £ 0.52
Periodicity, s (2.80; 3.17) (2.50; 9.33) (3.00; 5.00)

Notes: * — p < 0.05, statistically significant difference between civilians and the control group; ** — p < 0.01, sta-

tistically significant difference between civilians and the control group.
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gastroesophageal reflux. This reduction was particularly pro-
nounced in military personnel with type II HH, indicating
more severe sphincter dysfunction.

When analyzing peristaltic parameters, it is noteworthy
that military personnel with type I HH exhibited esophageal
motor hyperactivity, as evidenced by a significant increase
in the amplitude of the peristaltic wave. In contrast, military
personnel with type II HH demonstrated a lower amplitude,
which may indicate compensatory exhaustion of the esopha-
geal muscular layer or impaired neural regulation.

The observed differences in rhythmic oscillation
parameters of the esophageal wall between military and
civilian groups can be attributed to varying degrees of
compensatory response. Higher amplitude and periodicity
values observed in type II HH may reflect compensatory
hyperactivity of the smooth muscle elements in response
to reflux exposure.

Thus, the study results demonstrate significant alterations
in esophagogastric motility among patients with HH, high-
lighting the necessity for a differentiated therapeutic ap-
proach based on hernia type. Further research should focus
on evaluating the effectiveness of therapeutic strategies aimed
at correcting the identified motility disorders.

The findings also indicate that civilians with hiatal hernia
exhibited pronounced esophagogastric motility disturban-
ces. Pyloroduodenal sphincter hypertonicity was diagnosed
more frequently in the civilian group (61.2 %) compared to
military personnel (53.8 %), suggesting more pronounced
impairment of motor regulation in civilians.

Both civilians (53.7 %, p < 0.01) and military personnel
(50.7 %, p < 0.05) demonstrated a significant decrease in the
LES pressure compared to the control group, confirming
sphincter insufficiency and a predisposition to gastroesopha-
geal reflux in both type I and II hiatal hernia.

Esophageal peristaltic activity in civilians was found to
be less pronounced than in military personnel. Specifically,
the amplitude of the peristaltic wave in civilians was 49.6 %
lower compared to military subjects (p < 0.05). At the same
time, the duration of the peristaltic wave in civilians with
HH was significantly prolonged, by 50.5 % compared to
the control group (p < 0.05), indicating reduced effective-
ness of peristaltic contractions. Rhythmic oscillations of
the esophageal wall in civilians showed a tendency toward
increased periodicity in type I HH, possibly reflecting com-
pensatory mechanisms of motor function in response to the
LES insufficiency.

Thus, the obtained results indicate more pronounced
esophagogastric motility dysfunction in civilians with hiatal
hernia compared to military personnel. These differences
may be attributed both to the underlying pathophysiological
mechanisms of the disease and to variations in adaptive re-
sponses to pathological changes.

Conclusions

1. In military personnel with type I and II HH, the
mean pressure in the pyloroduodenal sphincter region was
increased by 2.3 times (p < 0.05) in both types compared to
the control group, indicating the development of sphinc-
ter hypertonicity. The LES pressure decreased by 50.7 %
(p < 0.05) in military personnel and by 53.7 % (p < 0.01)

in civilians, confirming the LES insufficiency and an in-
creased risk of gastroesophageal reflux. The amplitude of
the esophageal peristaltic wave in military personnel with
type I HH was 5.5 times higher than in the control group.
In civilians, the peristaltic wave amplitude was 49.6 % low-
er compared to military personnel (p < 0.05), which may
indicate the presence of compensatory mechanisms in the
military group.

2. The duration of the peristaltic wave in civilian pa-
tients with HH was 67.9 % longer than in military personnel
(p <0.05), indicating delayed bolus transit. Rhythmic oscil-
lations of the esophageal wall in military personnel were cha-
racterized by lower amplitude, but higher periodicity com-
pared to civilians, which may reflect an adaptive response to
pathological changes.

3. Esophagogastric motility disorders were more pro-
nounced in civilian patients compared to military personnel,
which may be attributed to differences in lifestyle, adaptive
mechanisms, and levels of physical activity.

The obtained data may serve as potential predictors for
the early diagnosis of hiatal hernia in military personnel.
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6abivi O.M., lLleB4eHko b.®., [Moorom H.B., FariHceka A.M., FaiHceku O.O.
AY «HcTnTyT ractpoeHteponorii HAMH YkpaiHn», m. AHinpo, YkpaiHa

lNMopyLleHHs CTPABOXiAHO-LIAYHKOBOiI MOTOPHOIT PYHKLT IK NPeAUKTOP PO3BUTKY
rprXXi CTPABOXiAHOIO OTBOPY AiadparmMm y BinCbKOBOCAYXX60BL,iB

Pe3tome. Axmyanvnicme. TlopylieHHST CTpaBOXiTHO-IITYHKOBOL
MOTOPHOI (PYHKIIIi, IKa CYITPOBOIKYETHCS PO3BUTKOM TPIXKi CTpa-
BoxigHoro otBopy Aiacdparmu (I'CO/I), € molMpeHOIO NaTOIOTIE.
Lli 3MiHM MOXKYTb 3aJIeXKaTH Bill CLIOCOOY XKUTTsI, piBHS (Pi3MUHOTO
HaBaHTaXEHHsI i aanTaliiitHUX MeXaHi3MiB, 10 BilPi3HSIOTLCS Y
BiliCHBKOBOCITY>KOOBIIIB i TMBiLIbHMX. OLiHKA TaKMX BiIMiHHOCTE
€ BaXKJIMBOIO /151 pO3pOOKM iHIAMBiAyali30BaHUX MiAXOMIiB 10 dia-
rHocTuky Ta JikyBaHHsI [CO/l. Mema: BU3HAYUTH TTOPYILICHHS
CTPaBOXiTHO-IIIJTIYHKOBOI MOTOPHOI (PYHKIIii SIK MPeANKTOpa po3-
BuTKy ['CO/] y BiliCbKOBOCTY>KOOBLIiB IIUIIXOM aHaIi3y ITOKa3HUKIB
111G poBoi MTHEBMOOATIOHHOI MaHOMETPil. Mamepiaiu ma memoou.
IMpoBeaeHo uudpoBy MHEBMOOATOHHY MAHOMETPIIO CTPABOXO-
ny i nutyHka B 66 mauieHTiB i3 TCO/I (30 BiiicbKOBOCTYXXOOBLIiB
i 36 nuBinbHUX (Tpymia MopiBHsIHHS)). [IpoaHati3oBaHO aMILTITY TN
1 mepion mepucTaaIbTUYHOI XBWIi, pUTMiUHi KOJUBAHHS CTIHKU
CTPaBOXOJly, TUCK Y 30Hi HUXKHBOTO CTPaBOXiIHOTO ciHKTEpa
Ta IiJIopoayoneHaabHOTO chiHkTepa. Pezyibmamu. AMIutiTyna
TMepUCTATBTUYHOI XBWIi Y BiliChKOBOCTY>XK00BIIiB Oy7na B 1,9 pasza

BUIIOI0, HIX Y HMBIIBHUX, aJie TIepio]] XBWJIi B IMBIJIbHUX OYB Ha
40,5 % nosimmm (p < 0,05). PurMiuHi KOJIMBaHHS CTIHKU CTpa-
BOXOJY B LIUBIIbHUX OYJIM MEHII BUPAXKEHUMU, 1110 MOXKE CBITUUTH
Mpo OLIbII 3HAYHI MOPYILIEHHSI MOTOPUKU. THUCK Y 30Hi HUDKHBOTO
cTpaBoXifmHOro ciHkTepa OyB 3HMXeHuit Ha 50,7 % y BilicbKO-
Bux (p < 0,05) Ta Ha 53,7 % y uuBinbHUX (p < 0,01) MOpiBHSIHO 3
KOHTPOJIEM, 11O TIPU3BOAMIIO 10 PO3BUTKY ractpoesodareaibHOro
pedumokey. Tuck y 30Hi nisiopoayoneHanbHoOro ciHkrepa 0yB
MiABUIIEHWH BinmoBigHO y 2,2 i 2,8 pasa y BiliCbKOBOCTY>KOOBILiB
Ta mBiTbHUX (p < 0,05). Bucnosxu. OliHKa CTPaBOXiTHO-IIUTYHKO-
BOI MOTOpHOI (DYHKIIii 32 1O0MOMOTo10 LU(MPOBOI THEBMOOATOHHOI
MaHOMETpii 103BOJISIE BCTAHOBUTH TIpeauKTopu po3BuTky 'CO/ly
BilICBKOBOCITY>K0O0BIIiB. OTprMaHi pe3yJbTaTh BKa3ylTh Ha HEOO0-
XiIHICTh mepcoHaizoBaHoro Iigxomy o JikyBanHs [CO/I.
Ki11040Bi cJ1oBa: nmpenmKkTopy TprXKi CTpaBOXiZHOTO OTBOPY Jia-
(bparmu; cTpaBoOXiqHO-ILTYHKOBAa MOTOpHA (DYHKIIisl; TUCK Y 30Hi
HWDKHBOTO CTPaBOXiTHOTO c(hiHKTepa; TUCK Yy 30Hi TiIopoayoie-
HaJIbHOTO C(piHKTepa; PYHKIIIOHAIbHI JOCTiIKEHHS

Vol. 59, No. 2, 2025

www.gastro.org.ua, https://gastro.zaslavsky.com.ua 89


https://pubmed.ncbi.nlm.nih.gov/31588086/
https://pubmed.ncbi.nlm.nih.gov/25469569/
https://pubmed.ncbi.nlm.nih.gov/25469569/
https://pubmed.ncbi.nlm.nih.gov/25469569/
https://pubmed.ncbi.nlm.nih.gov/25469569/
https://pubmed.ncbi.nlm.nih.gov/18364587/
https://pubmed.ncbi.nlm.nih.gov/18364587/
https://pubmed.ncbi.nlm.nih.gov/18364587/
https://pubmed.ncbi.nlm.nih.gov/18364587/
https://pubmed.ncbi.nlm.nih.gov/17300288/
https://pubmed.ncbi.nlm.nih.gov/17300288/
https://pubmed.ncbi.nlm.nih.gov/17300288/
https://pubmed.ncbi.nlm.nih.gov/17300288/
https://pubmed.ncbi.nlm.nih.gov/28828685/
https://pubmed.ncbi.nlm.nih.gov/28828685/
https://pubmed.ncbi.nlm.nih.gov/28828685/
https://pubmed.ncbi.nlm.nih.gov/25930019/
https://pubmed.ncbi.nlm.nih.gov/25930019/
https://pubmed.ncbi.nlm.nih.gov/25930019/
https://pubmed.ncbi.nlm.nih.gov/25930019/
https://doi.org/10.15421/021415
https://doi.org/10.15421/021415
https://doi.org/10.15421/021415
https://doi.org/10.15421/021415
https://doi.org/10.15421/021415
https://doi.org/10.15421/021415
https://doi.org/10.15421/021415
https://doi.org/10.15421/021415
https://doi.org/10.15421/021415
https://doi.org/10.15421/021415

