ORIGINAL RESEARCH | MEDICAL REHABILITATION

EFFECT OF ELECTROMYOSTIMULATION ON ABDOMINAL WALL MUSCLE ACTIVITY AND STRENGTH
AFTER SEPARATION HERNIOPLASTY (COMPONENT SEPARATION TECHNIQUE)
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High prevalence of postoperative ventral hernias necessitates the development of effective rehabilitation protocols to restore abdominal muscle function early and
reduce recurrence risk. This study aimed to evaluate the effects of electromyostimulation (EMS) of the anterior abdominal wall muscles on physical activity levels and
strength performance in patients after surgical treatment for postoperative ventral hernias. We enrolled 128 patients (mean age, 47.9 + 8.6 years) who underwent
open combined component separation surgery with retromuscular mesh implantation. In the treatment group (n = 64), the course of anterior abdominal wall EMS
(enabled by COMPEX SP-2.0) started on the 10" day after surgery; in the control group (n = 64), we followed a standard post-surgery protocol. The assessed
indicators were the level of physical activity (pedometry, 7 days) and the strength of the trunk muscles (strain dynamometry, registered with a BackCheck 700
device). Six months after surgery, the EMS group showed significantly greater muscle strength gains than the control group: in trunk extension, median strength
was 26.9 kg versus 15.4 kg (74.7% increase; p < 0.001); in flexion, it was 15.7 kg versus 8.0 kg (96.3% increase; p < 0.001). The level of physical activity in
the EMS group was significantly higher: the median number of steps per week was 27304.5 + 2903.48 (95% Cl 20964.6-33644.5), while in the control group it
reached 11173.6 + 3688.8 (95% CI 10065.4-12281.9) steps. This indicates a recovery to 90.0% of the preoperative level. Thus, an early post-surgery course of
EMS of the anterior abdominal wall muscles is an effective rehabilitation method that significantly improves the strength characteristics of the core muscles and
restores the levels of physical activity in patients.
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BJIMAHUE SNTIEKTPOMUOCTUMYNALMN HA ®USNYECKYHO AKTUBHOCTb U CUJTY MbILLL, BPHOLLHOW
CTEHKW BOJIbHbIX MOCJE CENAPALMOHHOW FEEPHUOMMACTUKNA
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B cBS131 C BbICOKOW pacnpoCTPaHEHHOCTHIO MOCe0oNepaLOHHbIX BEHTPasIbHbIX MPbK HeobxoanmMa padpaboTka ahheKTUBHbIX MPOTOKONOB peadunmtaLmm,
HanpaBNeHHbIX Ha paHHee BOCCTaHOBNEHWE (DYHKLIMN MbILLL, BPIOWHOrO Npecca 1 CHUKeHre pucka peumamsa. Liensto paboTbl 6b110 OLEHUTb BAMAHME
ANEKTPOMUOCTUMYNALMM (SMC) MbILLILL NepeaHel GPIOLLHON CTEHKI Ha YPOBEHb (N3MHECKOM aKTUBHOCTU U CINIOBbIE MOKA3aTe N y NMaLyeHTOB Mocse XMPpYprit4eckoro
Jle4eHVst nocneonepaLoHHbIX BEHTPasbHbIX rpbbK. B nccneaoBaHmm ydacteoBano 128 naumeHToB (47,9 + 8,6 neT), nepeHecLUX OTKPbITYI0 KOMOUHMPOBaHHYIO
cenapauyVioHHYHO repHUOMNIACTNKY C PETPOMYCKYISPHOM YCTAHOBKOWM CeTHaToro uMnnaHTa. MNaupueHtam B 0CHOBHOM rpynne (n = 64) ¢ 10-x CyTok nocne onepawyn
nposoamn kypc SMC nepenHer GproLHoM cTeHkn annapatom COMPEX SP-2.0, B KOHTPOSBHOM (N = 64) — cTaHaapTHble NMOCIeonepaLyioHHbIE MEPOMPUSITUS.
OueHviBan ypoBeHb (h13MHECKOIN aKTUBHOCTY (LUAroMETPUS 3a 7 CyTOK) 1 CUITy MblLLLL, TynoBuLLA (TeH3oanHamomeTpus, Back-Check 700). Yepes 6 mecsiLes nocne
onepaumn B rpynne OMC 3adMKCMpoBaHO 3HAYMMOE YBEMHEHE CUMbI MbILLILL: MPpK pasrnbaHii TynoBuLLa MeayaHa cunbl cocTaBuna 26,9 kr npotvs 15,4 kr B
KOHTpOIe (MPUPOCT Ha 74,7%; p < 0,001); npu crubaHum — 15,7 kr npotue 8,0 Kr B KOHTPOSE (MprpocT Ha 96,3%; p < 0,001). YpoBeHb (h13NHECKO aKTUBHOCTU B
rpynne SMC 6bIn CTaTUCTUHECKN 3HAYMMO BbiLLE: MeAviaHa Yncna Wwaros 3a Hepento — 27304,5 + 2903,48 (95% [11/1 20964,6-33644,5) B KOHTPOBHOW rpynne —
11173,6 + 3688,8 (95% [ 10065,4-12281,9) Wwaros, 4TO COOTBETCTBYET BOCCTaHOBMEHMIO [0 90,0% OT MCXOAHOrO A00OMNEpaLMOHHOIO YPOBHS. TakMm 06pa3om,
kypc OMC MbiLL, NMepenHei GPIOLLHOM CTEHKM, Ha4aTbld B PaHHE CPOKY MOCIE MEPHMOMIACTUKM, SBASETCS 3PMEKTUBHBIM METOAOM peadunnTaumm, JOCTOBEPHO
YAyYLLIAOLLIIM CUIOBbIE XapaKTEPUCTVKN MbILLIL, KOpa 1 BOCCTaHaBMBAIOLLMM (IUSNHECKYIO aKTVBHOCTb MaLMEHTOB.

KntoyeBble cnoBa: a/1eKTPOMUOCTMYIALMS, MOCAeonepaLmoHHas peabunmtaums, BeHTpasibHble MPbKI, FePHUOMIACTIKE, MAOCTUMYMSLMS

Bknap aBTopoB: H. A. [lemnH — paspaboTka ansariHa nccnenoBaqus, cbop faHHbIX, HanncaHne TekcTa; E. E. AykacoB — Hay4HOe PyKOBOACTBO, SKCMEPTHbIN
KOHTPOSb, pefakTpoBaHue; B. A. MonaeB — 3KCNepTHbIN KOHTPOMb, peaakTupoBaHie; A. A. LLINWLKMH — cTatucTudeckast obpaboTtka gaHHbix; A. V1. Mensenesa —
cH0p KNMHMYECKNX AaHHbIX, HanvcaHne TekcTa; O. E. OcTaHnH — cOop KIMHUYECKMX daHHbIX, cTaTucTudeckas obpaboTka.

CobniofeHne aTM4eCcKnx CTaHAapTOB: VCCefoBaHe 0Of06PeHO aTn4eckm koMmuteTom PrAQY BO MNMMIMY mnm. . M. Ceverosa MuHaapasa Poccum (MpoTokon
Ne 08-19 ot 05 nioHa 2019 1), npoBeaeHO B COOTBETCTBUN C XenbCUHKCKOW Aeknapaupeit 2013 r. Bce naumeHTbl nognmcany 4o6poBONbHOE MH(OPMMPOBaHHOE
cornacvie Ha y4acTtue B UCCNeAoBaHNM.

><] Ons koppecnoHpeHuuu: Oner EBreHbesny OcTaHuH
yn. HukntuHa, a. 20, . Mocksa, 108811, Poccus. ostanin.oleg2011@yandex.ru

Cratbs nony4eHa: 29.03.2026 CtaTtbsi NpuHsATa K nevatu: 28.04.2026 Ony6nukosaHa oHnaiH: 13.05.2026
DOI: 10.24075/vrgmu.2026.021

AsTopckue npasa: © 2026 npvHagnexxar asTopam. Jindensumar: PHVIMY M. H. W. Minporoea. CTaTbs pasmeLLeHa B OTKPbITOM JOCTYMe 1 pacnpoCTPaHAETCs
Ha ycnosusax mmueHaun Creative Commons Attribution (CC BY) (https://creativecommons.org/licenses/by/4.0/).

BULLETIN OF RSMU | 3, 2026 | VESTNIK.RSMU.PRESS | DOI: 10.24075/BRSMU.2026.021 m



OPUTMHAJIbHOE UCCJIEQOBAHNE | MEOVNUVMHCKAA PEABUITNTALINA

Despite the continued improvement of techniques, surgical
treatment of postoperative ventral hernias (PVH) remains a
challenge [1]. The key factor behind the high risk of recurrence
and impaired functional integrity of the anterior abdominal
wall is postoperative muscle dysfunction [2]. The formation of
a hernia defect and subsequent surgery inevitably damage
neuromuscular structures, impair proprioception, cause atrophy,
and weaken the core musculature, ultimately reducing muscle
strength and endurance [3].

Restoring the functional viability of muscles is the central
task of rehabilitation [4]. Traditionally, it is achieved through
physical therapy, but pain and risk of complications often limit
its initiation early in the rehabilitation period [5]. For this reason,
methods specifically designed for the early post-surgery period
are especially relevant. Among them, electromyostimulation
(EMS) of the anterior abdominal wall muscles shows the most
promise [6, 7].

EMS enables targeted muscle activation, improves their
trophism, prevents atrophy, and maintains muscle tone when it
is still difficult for the patient to move actively [6]. Thus, studying
the effectiveness of various physiotherapy methods, particularly
postoperative hardware-based myostimulation, is crucial for
advancing the muscle function restoration regimens [8]. The
respective efforts will add to the development of scientifically
based rehabilitation protocols aimed at reducing recovery
time, improving the quality of life of patients, and reducing the
frequency of PVH relapses.

This study aimed to investigate the effects of
electromyostimulation (EMS) of the anterior abdominal wall
muscles on physical activity levels and strength performance
in patients after surgical treatment for postoperative ventral
hernias.

METHODS

This prospective pilot clinical trial was conducted at V.V. Vorokhov
City Clinical Hospital No. 67, Moscow Department of Health,
from 2019 to 2024. It included 128 patients aged 28-83 years
(mean: 47.9 + 8.6 years) who underwent surgery for PVH (mean
hernial defect size: 150.4 + 38.1 cm?; range: 103.0-351.3 cm?).
The technique was an open combined separation hernioplasty
with implantation of a 15.0 x 15.0 cm polypropylene mesh in
the retromuscular space.

The inclusion criteria were: stability of the implanted retinal
prosthesis; no early postoperative complications (including
infection of the surgical wound, formation of hematomas,
thrombotic events, pulmonary infection, recurrence of
proliferative vitreoretinopathy, etc.); availability of a signed
informed voluntary consent form; technical capability and
readiness to interact with the researchers remotely on a
regular basis; body mass index below 39.9 kg/m?; absence
of decompensated diabetes mellitus, as well as chronic
pathologies of the respiratory and cardiovascular systems;
absence of diseases of the musculoskeletal system that limit
physical activity; absence of malignant neoplasms.

The exclusion criteria were: relapsing PVH; severe somatic
pathology in the decompensation stage; acute infectious

Table. Baseline characteristics of patients in the study groups

processes; a history of epilepsy or an implanted electronic
device (pacemaker, defibrillator); pregnancy and lactation;
patient's refusal to participate in a rehabilitation program.

After surgery, patients were randomly assigned to two
comparable groups using a random number table. The groups
were similar in terms of gender, age, body mass index, and
baseline hernia characteristics. In the control group (group |,
n = 64), patients underwent standard postoperative treatment,
which, in addition to drug therapy, included early physical
activation, breathing exercises, and dynamic monitoring
without additional physiotherapy. In the treatment group (group I,
n = 64), patients received a course of anterior abdominal
wall EMS procedures in addition to standard postoperative
management.

The groups were comparable in age, body mass index, and
age group distribution (p > 0.05 for all comparisons), which
confirms the correctness of the randomization and eliminates the
influence of these factors on the results of the study (Table).

Because of the need to complete early postoperative protocols
and minimize the risk of local inflammatory complications, we
started the EMS course in the treatment group on day 10 after
hernioplasty. The device used for this purpose was the COMPEX
SP-2.0 (Compex Medical, Switzerland), a certified multichannel
myostimulator. The procedures were performed by qualified
physiotherapists in a dressing room. Adhesive electrodes were
placed on the skin over the middle third of the rectus abdominis
and oblique abdominal muscles on both sides.

The stimulation parameters followed evidence-based
guidelines and the device manufacturer's recommendations for
rehabilitation programs: strengthening mode; pulse frequency,
50-70 Hz; pulse duration, 300-400 ps; inter-pulse series pause,
10 seconds; ramp-up time, 2 seconds; and ramp-down time,
1 second. The current strength was adjusted individually for
each patient to achieve visible signs of pronounced, painless
muscle contraction. Initially, the duration of one procedure
was 5 minutes, and by the end of the first week of therapy it
was gradually increased to 10 minutes. The course included
12 procedures: 3 sessions per week (1 session every 2 days)
over 4 weeks.

The main method for assessing anterior abdominal wall
muscle strength was strain dynamometry (SDM), performed
twice: preoperatively and on postoperative days 38 and 40
(after completing the full rehabilitation course in both groups).
BackCheck 700 (Dr.Wolff GmbH, Germany), a computerized
dynamometer system, was used for measurements. The tests
were performed under standardized conditions: the patient
stood on the system's platform with feet at shoulder width
and the pelvis and hips fixed to stabilize the position. For the
local abdominal muscle strength test, patients flexed their trunk
forward for 3-5 seconds, maximum effort, against resistance
from a measuring lever placed at sternum level. For the trunk
extension strength test, the lever was positioned against the
lower thoracic region of the patients' backs, who then leaned
back at maximum effort. The minimum rest period between the
attempts was 30 seconds. Two or three successful attempts
were made in each direction, and the system recorded the
maximum force in kilograms, displaying flexor and extensor

Group
Indicators p
Group | Group Il
Age (years), M (SD) 44.0 (10.5) 45.7 (11.9) 0.429
Age groups, M (SD) 2.56 (1.10) 2.53 (1.16) 0.904
BMI, M (SD) 29.32 (3.11) 30.63 (4.29) 0.074
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Fig. 1. Dynamics of physical activity in the study groups

indicators separately. The best result was used for the
subsequent analysis.

The level of physical activity (PA) of the patients was
assessed by the number of steps completed in 7 days, which
were registered before the EMS course began, and at 3 and
6 months after its completion using a wrist pedometer. Thus,
we quantified the dynamics of recovery of patients' daily activity
levels in the postoperative period.

Statistical processing of the obtained data was performed
in StatTech 2.8.0 (Stattech, Russia) for Windows 11¢ (Microsoft,
USA). The normality of distribution of the quantitative data was
assessed with the help of the Shapiro-Wilk test. To compare
independent samples, we used Student's t-test for parametric
data and Mann-Whitney U-test for nonparametric data. To
compare the indicators before and after treatment within the
groups, we applied the paired t-test or the Wilcoxon test.
Qualitative features were compared using the chi-square test
(x?). The differences were considered statistically significant at
p < 0.05.

RESULTS

The analysis of the pre-surgery PA data revealed intergroup
significant differences (p = 0.049) confirmed by Student's
t-test: in group |, the mean PA level was 8618.3 + 4057.8
(95% CI 7399.2-9837.4), and in group Il it was 11316.9 + 8588.8
(95% CI 9441.5-13192.3). The analysis of data collected
3 months after surgery, using Welch's t-test, also revealed
significant between-group differences (o < 0.001): in group |, the
mean PA level was 7801.5 + 1969.2 (95% Cl 7209.9-8393.1),
in group Il — 14517.6 + 8070.8 (95% Cl 12755.3-16279.9).
Significant differences were recorded after 6 months, too
(o < 0.001, Welch's t-test): in group |, the figure was
11173.6 + 3688.8 (95% Cl 10065.4-12281.9), and in group Il —
27304.5 + 2903.8 (95% Cl 20964.6-33644.5). An intragroup
analysis, which used the Fisher's exact test and repeated
measurements, demonstrated significant dynamics in the level
of physical activity in both groups (p < 0.001). In group |, the
studied indicator increased significantly between months 3
and 6 (p < 0.001); in group Il, however, the improvement was
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already evident by the third month after surgery (p < 0.001) and
persisted through month 6 (p < 0.001), suggesting that EMS
induced earlier and more effective recovery (Figure 1).

The analysis of SDM data from the trunk extension test
also confirmed the effectiveness of EMS. The comparison
of the groups before the intervention using the Mann-Whitney
U test showed no significant differences (group |: Me = 12.9,
Q,—Q, = 8.1-18.4; group II: Me = 10.7, Q-Q, = 6.9-17.3;
p = 0.215). Six months after surgery, a similar comparison
revealed significantly higher indicators in the EMS group (group I:
Me = 15.4, Q-Q, = 10.7-20.8; group Il: Me = 26.9,
Q,-Q, = 19.4-82.7; p < 0.001). To assess intragroup
perioperative changes, we applied the Wilcoxon test, which
confirmed significant improvements in both groups (o < 0.001).
However, the absolute growth of extension force was significantly
higher in group Il (Fig. 2).

Pre-treatment analysis of the flexion force of the trunk
using the Mann-Whitney U test revealed significant differences
between groups (group I: Me = 4.9, Q,-Q, = 3.1-6.3; group II:
Me = 3.8, Q-Q, = 2.2-5.2; p = 0.041). After 6 months of
treatment, a similarly set up comparison showed that the
gap between the groups not only persisted but increased
significantly (group I: Me = 8.0, Q,-Q, = 5.5-12.0; group II:
Me = 15.7, Q,-Q, = 11.9-20.0; p < 0.001). Intragroup analysis
using the Wilcoxon test confirmed significant positive dynamics
in each group (p < 0.001). However, the final results in group |
were more than twice as high as in group Il (Fig. 3).

DISCUSSION

The study demonstrates that EMS of the anterior abdominal
wall muscles after hernioplasty for postoperative ventral hernias
significantly and clinically improves both physical activity levels
and muscle strength.

The results obtained strongly indicate the effectiveness of
this method as one of the components of early rehabilitation.
The analysis of the dynamics of PA levels revealed that, despite
the initial intergroup differences, by the 3@ and 6™ months
post-surgery, the number of steps made in a week was
significantly higher in the EMS group (p < 0.001). This result
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can be explained by the fact that targeted strengthening of the
abdominal muscles through exercise and postoperative EMS
creates a more stable and functional muscular corset, which
may reduce discomfort during movement.

Analysis of the SDM data provided the most convincing
evidence of the effectiveness of EMS. In the trunk extension test
6 months after surgery, the median strength index in the EMS
group (26.9 kg) was 74.7% higher than in the control group
(15.4 kg; p < 0.001). Even more pronounced differences were
recorded in the trunk flexion test, which specifically evaluates
the function of the rectus and oblique abdominal muscles.
Initially, the EMS group had a small but statistically significant
advantage: 3.8 kg versus 4.9 kg (o = 0.041). By the end of the
observation period, however, the gap between the groups had
widened substantially: the median flexion force in group | (15.7 kg)
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was nearly twice that of the control group (8.0 kg). Such a
significant increase in flexion strength is a direct consequence
of the technique used, which helped prevent postoperative
muscular atrophy and stimulated neuromuscular adaptation.
Our clinical data are consistent with the results of an earlier
experimental animal study (mini-pigs), which demonstrated
the safety and effectiveness of applying EMS to the anterior
abdominal wall muscles after retro-rectus hernioplasty [7]. It was
established that starting EMS on postoperative day 30 improves
capillarization of muscle tissue and promotes more complete
formation of the connective tissue capsule around the mesh
implant. We took these findings into account when timing the start
of the EMS course in this clinical trial (from day 10). They also
help explain the marked increase in muscle strength and physical
activity in the EMS group by 3 and 6 months after surgery.
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Fig. 3. Dynamics of trunk flexion strength according to tensodynamometry
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The Russian literature also emphasizes the importance of
comprehensive physical rehabilitation after hernioplasty. For
example, it has been reported that starting physical therapy
early helps reduce postoperative complications, speeds up the
recovery of the functional state of the anterior abdominal wall
muscles, and helps prevent recurrence [9]. In an earlier study,
researchers recommended starting electromyostimulation
one month after surgery in 10- to 15-procedure courses and
noted its positive effects on microcirculation and muscle tissue
trophism without increasing intra-abdominal pressure [10].
Our protocol, which recommends starting EMS on day 10,
incorporates these recommendations and our own experimental
data and ultimately enables a faster, more pronounced increase in
muscle strength and physical activity.

Current research confirms the effectiveness of physiotherapy
methods in correcting postoperative muscle tone disorders.
Compared with standard drug treatment, complex
physiotherapy — which included physical exercises, magnetic
therapy, percutaneous electrical stimulation, and postisometric
relaxation — reduced pathological muscle tone by 56.3%
and increased range of motion by 58.7% after abdominal and
thoracic surgery [11]. Our study focused on targeted application
of EMS to the anterior abdominal wall muscles, but its results
also demonstrate a significant improvement in strength and
physical activity, which is consistent with the general principle
of the positive effect of physiotherapy on functional recovery
after abdominal surgery.

There are various instrumental tests that enable an
objective assessment of the functional state of the abdominal
wall muscles. Electromyography (EMG) is considered the
most informative. In clinical practice, EMG is still more of an
experimental diagnostic method; it is not included in the list of
mandatory pre-hernioplasty tests [12]. We measured muscle
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