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ABSTRACT

BACKGROUND: Reverse shoulder arthroplasty is an effective surgical treatment for severe degenerative and post-traumatic
conditions of the shoulder joint. However, despite its proven clinical efficacy, the optimal scope of medical rehabilitation
required to maximize functional outcomes and quality of life remains unclear.

AIM: This study aimed to assess the efficacy of a specialized medical rehabilitation program after reverse shoulder arthroplasty
based on modern techniques, including isokinetic dynamometry and biofeedback training.

METHODS: A comparative cohort study was conducted in 33 patients with omarthrosis who underwent reverse shoulder
arthroplasty. The patients were divided into two groups. The treatment group (n = 17) underwent a structured rehabilitation
program developed by the authors, whereas the control group (n = 16) did not receive organized rehabilitation. The primary
endpoint was recovery of shoulder joint function, including range of motion, muscle strength, coordination, and patient-
reported quality of life. Assessment methods included goniometry, isokinetic dynamometry, evaluation of complex coordinated
movement abilities, volumetric analysis of upper limb motion using a spherical motion sector, and patient questionnaires
(DASH, PSS, SF-36).

RESULTS: Patients who underwent the medical rehabilitation program had significantly better functional outcomes than the
control group. Abduction range was 150° [150°-160°] in the treatment group vs. 107.5° [93.75°-140°] in the control group
(p<0.001). Flexion range was 160° [150°-165°] in the treatment group vs. 120° [107.5°-133.8°] in the control group (p < 0.001).
External rotation range was also greater in the treatment group: 45° [40°-55°] vs. 25° [20°-36.3°], p < 0.001. Abduction
strength reached 23.6 Nm [19.3-32.4] in the treatment group vs. 16.7 Nm [9.93-20.6] in the control group (p = 0.005). The
spherical motion sector volume in the treatment group was 230,778 cm? [207,921-268,565], exceeding that of the control
group: 126,952 cm?® [107,894.25-151,971.3], p = 0.001. Correlation analysis revealed a strong positive relationship between
shoulder joint range of motion and coordination parameters (r=0.78, p <0.001), as well as muscle strength (r=0.71, p < 0.001).
Moreover, higher patient-reported satisfaction scores (SF-36) were associated with increased muscle strength and greater
external rotation range (r = 0.63, p = 0.002).

CONCLUSION: Implementing a comprehensive, personalized rehabilitation program after shoulder arthroplasty significantly
improves functional outcomes. Optimized medical rehabilitation programs will improve the quality of medical care and long-
term clinical outcomes in patients following reverse shoulder arthroplasty.

Keywords: reverse shoulder arthroplasty; medical rehabilitation; biofeedback; isokinetic dynamometry; range of motion;
muscle strength; motor coordination.
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AHHOTALMA

06ocHoBaHMe. PeBepcMBHOE 3HAOMPOTE3VPOBaHWE NJEYEBOr0 CycTaBa ABNSETCA 3QOEKTUBHLIM METOLOM XUPYPrUYECKOro
NeYeHNs TKENbIX JereHepaTMBHBIX M NOCTTPaBMATMYECKUX NATONOMMI nieyeBoro cyctaa. 0nHaKo, HECMOTPA Ha JOKa3aH-
HYI0 KIMHUYeCKYI0 3G eKTUBHOCTb, OCTAETCA OTKPbITHIM BOMPOC 0 BbibOpe 0NTUManbHOro 06bEéMa MeLMLMHCKOM peabunuta-
LMK, CNOCOBHOro MaKCUMMU3UPOBaTb (PYHKLMOHASBHBIE Pe3ynbTaTbl M KAYECTBO XM3HM NaLMEHTOB.

Lienb. Ouenntb 3 dEKTMBHOCTL CreLMann3NpoBaHHOM NporpaMMbl MEAULIMHCKON peabunuTaumm nocne peBepcuBHONO 3H-
AO0MpOTE3VUPOBaHNA NEYEBOr0 CYCTaBa, 0CHOBAHHOM HAa MPUMEHEHWUW COBPEMEHHBIX METOAMK, BKIOUas U30KUHETUYECKYIO
AMHaMOMETPHIO, U TPEHUPOBOK C BUONOrMYecKoi 0bpaTHOI CBA3LIO.

Matepuanbl u Metopbl. [lpoBeseHO KOTrOPTHOE CpaBHUTENbHOE MCCNEAOBaHWe, BRIOYaBLLee 33 nauueHTa ¢ AWarHo3oM
«OMapTpo3», NepeHECLUMX peBepCMBHOE 3HA0NPOTE3MPOBaHME MeYeBoro cycTasa. llaumneHTbl 6biv pasgeneHbl Ha aBe rpyn-
Nbl: 0OCHOBHasA rpynna (n=17) npoxoauna CTPYKTYpMPOBaHHYI NpOrpaMMy MefMUMHCKOW peabunutaumm no paspaboTaHHom
MeTO[MKe, a KOHTponbHas (n=16) xapakTepu3oBanacb OTCYTCTBUEM OpraHM30BaHHOW peabunutaumu. MepBUYHON KOHEYHOM
TOYKOM MCCNeS0BaHUsA ABNANOCH BOCCTAHOBNIEHUE (DYHKUMOHANbHbLIX NOKa3aTesleli MeyeBoro CycraBa, BKIKOYasA aMminTyay
LBVKEHWUA, CUITY MBILLIL, KOOPAMHALMOHHBIE CMOCOBHOCTU M CYOBEKTUBHBIE MOKA3aTeNM KayecTBa XU3HW. MeToabl OLEHKM
BKJTHOYQ/IM TOHMOMETPUIO, U3OKMHETMHYECKYI0 LUHAMOMETPUIO, aHanM3 CMoCcOOHOCTM BLIMONHATL COXHOKOOPAMHUPOBaHHbIE
ABVXEHWA, LLIAPOBOr0 CEKTOPa ABWXEHMIA BEpXHel KOHeYHOCTH 1 aHKeTupoBaHue (DASH, PSS, SF-36).

Pesynbtathl. [laumeHTsl, npoliedlime Kypc MeguMUMHCKOW peabunuraumu, NpoLeMOHCTPMPOBANM CTAaTUCTUYECKM 3HAuU-
MO nyywue GYHKUMOHANbHBIE MOKa3aTenu Mo CPaBHEHMIO C KOHTPONIbHOM rpynnoi. AMnauTyga oTBedeHWs cOCTaBuna
150° [150°-160°] B ocHoBHo rpynne npotus 107,5° [93,75°-140°] B koHTponbHoii (p <0,001). AMnnuTyna crubanms cocTa-
Buna 160° [150°-165°] B ocHoBHoW rpynne npotuB 120° [107,5°-133,8°] B KoHTposbHOM (p <0,001). AMNIUTYLA HapyKHOIA
poTaumm Takke bbina Bbile B 0CHOBHoI rpynne (45° [40°-55°] npotus 25° [20°-36,3°] B KoHTponbHoi (p <0,001). Cuna
0TBEJEHMA B OCHOBHOM rpynne focturana 23,6 Hm [19,3-32,4], Toraa Kak B KoHTponibHo — 16,7 HM [9,93-20,6] (p=0,005).
LLlapoBoit CeKTOp ABMMEHMIA B OCHOBHOIA rpynne coctasun 230 778 cm® [207 921-268 565], 4To NpeBbILLANo NOKa3aTeNN KoH-
TponbHoM rpynmnbl — 126 952 cm® [107 894,25-151 971,3], p=0,001. AHanu3 KOppenALMOHHbIX CBA3EM NOKa3as, YTo 06bEM
LBVXEHWUA B NIEYEBOM CYCTaBe UMEJT CUIbHYH MONIOXMUTENbHYI KOPPENALMIO C KOOPAMHALMOHHBIMM NoKka3saTensmu (r=0,78,
p <0,001) n cunoit Mblwy (r=0,71, p <0,001). KpoMe Toro, BbICOKWE NOKa3aTesu CyObeKTMBHOM YA0BNETBOPEHHOCTU NaLMeH-
T0B (0MpocHUK SF-36) bbinn accouMmMpoBaHb € YAYULLEHWEM CUTbI MBILLILL M aMMUTY bl HapyXHoW poTaumnu (r=0,63, p=0,002).
3akntouenue. lpuMeHeHNe KOMMIEKCHOM NEPCOHANM3MPOBAHHON NporpamMMbl peabunutaumm nocne apTponiacTuKu nieye-
BOrO CycTaBa CMocobCTBYET 3HAUYUTENTBHOMY YITyULLEHNI0 ero QYHKUMOHaNbHBIX Nokasatenen. OnTMMM3aums nporpaMM Me-
BVLMHCKOW peabunutaumm no3BOSIUT MOBLICUTb KAYeCTBO MeAMLIMHCKOW NMOMOLLM U YIYYLWWTb AONTOCPOYHbIE KITMHUYECKUE
Ucxobl y NaUMEHTOB MOC/E PEBEPCMBHOIO 3HAOMPOTE3MPOBAHMA NJIEYEBOrO CyCTaBa.

KnioueBble cnosa: pesepcnBHOE 3HA0NPOTE3UPOBAHKE NnjievyeBoro CyctaBa; MegULMHCKaA peaﬁvmmaumn; ouonoruye-
CKadA 06paTHaH CBA3b; U30KMHETUYECKaA ANHaMOMETPUA; aMnJInTyaa OBUXEHWIA; CUNA MbILLIL; KoopAuHauuAa [BUMKEHUN.
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BACKGROUND

Reverse shoulder arthroplasty is an effective surgical
treatment method for severe degenerative diseases of
the shoulder joint, such as arthrosis and sequelae of
complex fractures, particularly in elderly patients [1].
This method was originally developed for the treatment
of rotator cuff tear arthropathy; however, its indications
have now expanded to include massive rotator cuff
tears, unsuccessful surgical interventions, revision
arthroplasties, fractures of the proximal humerus, and
tumors [2-4].

This surgical method of treating the shoulder joint
demonstrates significant improvement in function and
reduction of pain, especially in primary operations, compared
with revision procedures [5]. However, the operation causes
major biomechanical changes in the shoulder joint, including
medialization of the center of rotation, redistribution of load
from the rotator cuff to the deltoid muscle, and altered
movement patterns [6—8]. These factors complicate the
recovery process and necessitate the development of tailored
rehabilitation programs. Postoperative complications such as
dislocations, fractures, and infections may occur, especially
in revision arthroplasty cases [9]. As the indications for
reverse arthroplasty continue to broaden, long-term studies
are becoming increasingly important to optimize patient
management strategies [10].

Rehabilitation plays a key role in restoring motor
function and quality of life after arthroplasty. Recent studies
suggest that early active mobilization may be more effective
than delayed mobilization, improving arm flexion within
three months postoperatively [11]. Some protocols allow
immediate shoulder mobilization without immobilization,
demonstrating the safety and efficacy of this approach [12,
13]. However, rehabilitation practices vary greatly among
medical institutions, and there is no unified standard of
patient management [14].

Currently, in Russia, a significant number of patients who
have undergone reverse shoulder arthroplasty face limited
access to qualified rehabilitation care. This is due to several
factors, including socioeconomic barriers, geographical
remoteness from specialized rehabilitation centers,
insufficient awareness among patients and healthcare
professionals about postoperative recovery specifics, and a
shortage of specialists with the necessary knowledge and
skills. As a result, patients are often compelled to limit
themselves to self-performed exercises without professional
supervision, which can reduce the effectiveness of recovery
and increase the risk of complications.

The lack of a unified rehabilitation approach also
contributes to variability in implemented interventions,
making it difficult to objectively assess their effectiveness and
leading to heterogeneous clinical outcomes. In this regard,
the development of a standardized rehabilitation program
adapted to the specifics of reverse shoulder arthroplasty
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is of particular relevance. Establishing a scientifically
grounded system of restorative measures and testing it with
subsequent evaluation of its effectiveness will improve the
quality of medical care for this patient population, reduce
the risk of functional limitations, and enhance quality of life.

Overall, rehabilitation after shoulder arthroplasty
consists of three stages: tissue healing and trophic
restoration, recovery of mobility, and strengthening of the
muscular apparatus [15]. Howard et al. demonstrated that
early mobilization of patients after shoulder arthroplasty
promotes faster functional recovery, improves the range of
motion, and reduces the risk of postoperative complications
without increasing the likelihood of instability or prosthesis
damage [16]. Despite evidence supporting the safety of
returning to physical activity in elderly patients, caution is
required in planning rehabilitation interventions for younger
and high-functioning patients [17].

Despite the large number of studies on early and late
rehabilitation, the evaluations of program effectiveness in
the residual period (6 months or more after surgery) are
rare [18]. Patients undergoing unsupervised rehabilitation
often underestimate the necessity of regular training, which
leads to persistent functional limitations. This underscores
the need to develop specialized rehabilitation programs
aimed at restoring the functional capacity of the shoulder
joint in the long term.

Optimal rehabilitation protocols after shoulder
arthroplasty remain a subject of scientific debate,
highlighting the importance of further research focused
on the development and evaluation of specialized recovery
programs [19]. Accordingly, the relevance of the present study
lies in the development and analysis of the effectiveness of
a comprehensive rehabilitation program targeted at patients
in the late postoperative period, with the goal of maximizing
upper limb motor function recovery and improving quality
of life.

The work aimed to assess the efficacy of a rehabilitation
program developed for patients with osteoarthritis following
reverse shoulder arthroplasty.

METHODS
Study Design

It was an experimental, prospective, single-center,
controlled, open-label study was conducted to assess the
efficacy and safety of a rehabilitation program for patients.

Study Setting

The clinical study was carried out at the Department
of Medical Rehabilitation of the Federal State Budgetary
Institution N.N. Priorov National Medical Research Center
of Traumatology and Orthopedics, Ministry of Health of the
Russian Federation. All study participants were hospitalized
as part of the second stage of medical rehabilitation after
shoulder arthroplasty and received treatment in an inpatient
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setting. The rehabilitation program was implemented
in accordance with an individual plan approved by the
Multidisciplinary Rehabilitation Team (MDRT) and included
daily therapeutic exercise sessions and physiotherapy
procedures. The average duration of inpatient stay was
14 days.

Study Duration

The study was conducted from June 2024 to December
2024. Each patient was followed for one year after shoulder
arthroplasty.

Eligibility Criteria

The inclusion criteria were as follows: age from 40 to
80 years, regardless of sex; reverse shoulder arthroplasty
for degenerative—dystrophic shoulder joint diseases (no later
than 24 hours after surgery); voluntary signing of an informed
consent form to participate in the study. The exclusion criteria
were as follows: refusal of the patient to continue participation
in the study; occurrence or exacerbation of somatic diseases
during the study that prevent its continuation or lead to
disruption of the procedure schedule; noncompliance by
the patient with the study protocol; adverse events during
the study (including a significant increase in pain in the
operated shoulder joint [more than 4 points on the VAS], a
marked decrease in range of motion in the operated shoulder
joint (more than 50% of baseline), aseptic loosening of
endoprosthesis components, rotator cuff tear, periprosthetic
fracture of the humeral shaft, or signs of injury to the radial or
axillary nerves [for both the treatment and control groups]).

Intervention

Rehabilitation after reverse shoulder arthroplasty is
a multistage process aimed at restoring joint function,
preventing complications, and improving patients’ quality of
life. This protocol comprises three main periods: the early
period (0—6 weeks), the late period (612 weeks), and the
residual period (from 12 weeks onward), each with specific
goals, therapeutic physical exercise (TPE), and efficacy
criteria.

In the early period (0—6 weeks), the main goals are
to protect the postoperative area, prevent complications,
minimize pain, and prevent hypotrophy and hypokinesia by
maintaining mobility in the distal segments of the limb. In this
period shoulder immobilization with an orthosis (abduction
brace with up to 60° abduction) is used, along with passive
exercises for the shoulder joint via CPM therapy or with a TPE
instructor (flexion up to 120°, abduction up to 90°, external
rotation in the scapular plane up to 30°). Efficacy criteria for
this phase include the absence of complications or signs of
joint instability, pain level < 4/10 on the visual analog scale
(VAS), and increased passive range of motion.

In the late period (612 weeks), the focus shifts to
gradually increasing the range of motion, initiating active-
assisted and active movements, and activating the deltoid and
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periscapular muscles. During rehabilitation, the use of the
orthosis is gradually discontinued, active-assisted exercises
(flexion, abduction, and external rotation) are introduced, and
isometric exercises for the deltoid muscle are performed.
Effectiveness at this stage is assessed according to the
following criteria: increased active and passive movements
without marked pain, and a pain level < 4/10 on the VAS.

The residual period (from 12 weeks onward) is aimed
at restoring the full range of motion in the shoulder
joint, recovering strength and endurance to static and
dynamic loads, increasing the functional load on the
joint, and enabling the patient’s return to daily activities.
During this period, exercises are aimed at increasing
muscle strength (resistance exercises) and include
active exercises in functional positions. Subsequently,
the rehabilitation program incorporates weight-bearing
exercises (free weights, machines), progressive movement
exercises to develop strength and endurance, and training
to improve the ability to perform complex coordinated
movements with the upper limb. The effectiveness of
this stage is evaluated based on achieving full pain-free
range of motion, symmetrical scapulohumeral complex
function, performance of functional tests without marked
discomfort, restoration of shoulder muscle strength to
= 80% of the healthy limb, and the ability to perform daily
and occupational activities without pain.

Outcomes Registration

Patient evaluation methods included clinical examination,
instrumental assessments of shoulder joint function,
including isokinetic dynamometry, analysis of coordination
abilities using biofeedback (BFB), and questionnaire-based
subjective assessment of functional limitations and quality
of life.

Range of motion in the shoulder joint was measured
by goniometry in standard planes: abduction, flexion,
external rotation, and internal rotation. Muscle strength was
assessed using isokinetic dynamometry with the Primus RS
system (BTE, USA), including measurement of the following
parameters: shoulder abduction and adduction, as well as
total work in abduction and adduction tests. Additionally, the
strength of the muscles responsible for external rotation
was measured isometrically from the neutral position at
90° of shoulder abduction. Muscle endurance to static load
was measured with the markerless video analysis system
HABILECT (Russia) during a static test involving holding a
4 kg weight in 90° of shoulder abduction, 0° of shoulder
rotation, and 90° of elbow flexion for 90 seconds.

Assessment of spherical motion sector and upper limb
coordination abilities was performed using the Armeo Spring
robotic rehabilitation device with BFB (Hocoma, Switzerland).
The parameters analyzed were the spherical motion sector
(“volume” parameter) and the score for performing a
coordination task (“contour drawing” task, medium difficulty,
5-minute duration).
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Fig. 1. Radiograph of the shoulder joint: a, omarthrosis; b, reverse shoulder
prosthesis.

The questionnaire methods included the DASH (Disabilities
of the Arm, Shoulder and Hand Questionnaire), PSS (Penn
Shoulder Score), and SF-36 (Short Form-36 Health Survey)
scales. The DASH scale was used to assess upper limb
functional limitations, the PSS scale was used to evaluate
pain and functional status of the shoulder joint, and the SF-36
was used to assess physical and psychological components
of quality of life.

Ethics Approval

All study participants provided written informed consent
after receiving full information about the study protocol.
The study was approved by the Ethics Committee of the
Association of Traumatologists and Orthopedists of Russia
on April 26, 2024.

Statistical Analysis

Descriptive statistics were used, including calculation of
the median and interquartile range (Me [Q1-Q3]). Intergroup
comparisons were performed using the nonparametric
Mann-Whitney U test, as graphical analysis and the Shapiro-
Wilk test indicated that the data were not normally distributed
(p < 0.05). Correlations between functional parameters were
assessed using Spearman’s correlation analysis (r). Statistical
analysis was performed using Jamovi software version 0.1.3.
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Fig. 2. Shoulder abduction range of motion.

Vol. 32 (2) 2025

DOl https://doiorg/10.17816/vt0659791

NN. Priorov Journal of Traumatology and Orthopedics

RESULTS
Participants

The study included 33 patients aged 40 to 83 years who
underwent shoulder arthroplasty for osteoarthritis (Fig. 1),
at postoperative interval of 48.03 + 1.29 weeks. All patients
were divided into two groups: the main group, which included
17 individuals (11 women and 6 men) who completed the
developed medical rehabilitation program, and the control
group, which included 16 individuals (11 women and 5 men)
who did not undergo specialized rehabilitation or engaged
in self-directed recovery of shoulder function. The mean
age did not differ between the groups (61.6 + 11.1 years in
the rehabilitation group and 61.8 + 8.64 years in the no-
rehabilitation group).

Primary Results

When comparing range of motion parameters, statistically
significant differences were identified for most measures.
Shoulder abduction in the main group was 150° [150°-160°],
whereas in the control group this value was markedly lower
at 107.5° [93.75°-140°] (p < 0.001) (Fig. 2). Shoulder flexion
was also significantly better in the rehabilitation group (160°
[150°-165°] vs. 120° [107.5°-133.8°]; p < 0.001) (Fig. 3).
Substantial differences were observed for external rotation
as well: 45° [40°-55°] in the main group compared with 25°
[20°-36.3°] in the control group (p < 0.001) (Fig. 4). Internal
rotation did not differ significantly between the groups
(p = 0.294).

Muscle strength assessment results also revealed
notable intergroup differences. Abduction strength was
23.6 Nm [19.3-32.4] in the main group and 16.7 Nm [9.93-
20.6] in the control group (p = 0.005) (Fig. 5). Adduction
strength reached 40.1 Nm [34.8-55.1] in the main group
versus 30.95 Nm [26.63-35.8] in the control group
(p = 0.012) (Fig. 6). Total work (abduction/adduction) was
198.7 J [172-291] in the main group compared with 123.4 J
[93.1-153.8] in the control group (p = 0.004). External
rotation strength was higher in the main group (13.7 Nm
[10.6-16.7]) than in the control group (6.35 Nm [5.6-12.6])
(p = 0.002) (Fig. 7).

175
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o
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Fig. 3. Shoulder flexion range of motion.
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Fig. 4. Shoulder external rotation range of motion.
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Fig. 6. Muscle strength in the isokinetic shoulder adduction test.

Based on the obtained instrumental assessment data of
the spherical motion sector and shoulder joint coordination
using biofeedback, significant differences between the
groups can be concluded. Spherical motion sector (volume)
was 230,778 cm3 [207,921-268,565] in the main group and
126,952 cm? in the control group [107,894.25-151,971.3]
(p = 0.001) (Fig. 8). The “game score” parameter, reflecting
the ability to perform complex coordinated actions with the
arm, was higher in the main group (49 [45-65]) compared
with the control group (35 [30.75-49.3]) (p = 0.011) (Fig. 9).

Patient-reported outcomes using DASH and PSS
questionnaires confirmed the substantial impact of
comprehensive medical rehabilitation on subjective

300 000+ |

250 000

200 000 1 ‘

150 000

Spherical motion sector (sm3)

100 000+ |

Main gr&up Control'group

Group

Fig. 8. Volume of shoulder joint mation in the spherical sector test using
biofeedback.
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Fig. 5. Muscle strength in the isokinetic shoulder abduction test.
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Fig. 7. Muscle strength in the isometric shoulder external rotation test.

functional status. The mean DASH score was 10 [5.83-19]
in the rehabilitation group and 35 [31.46—44.6] in the group
without rehabilitation (p < 0.001) (Fig. 10). The results of the
PSS assessment of shoulder functional status and pain also
indicated significant differences: in the main group, patients
demonstrated better shoulder joint function compared
with the control group (54 [49-56] vs. 30.27 [22.63-39.3];
p < 0.001). In addition, after the rehabilitation course,
patients reported less severe pain (30 [27-30]) than those
without rehabilitation (23.5 [18-27.3]) (p = 0.001) (Fig. 11).
The physical component score (PCS) of the SF-36 was
significantly higher in the main group (50.1 [41.13-54.9]) than
in the control group (37.74 [34.12-44]) (p = 0.003) (Fig. 12).

70 ’

60 -

50 1

40 A

Coordination test (score)

30 1 |

Main group Control group

Group

Fig. 9. Indicator of the ability to perform complex coordinated arm move-
ments in a standard motor test with biofeedback.
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Fig. 10. Subjective functional assessment score (DASH).
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Fig. 12. Physical health (SF-36).

However, differences in the mental component score (MCS)
of the SF-36 between groups did not reach statistical
significance (p > 0.05).

Figs. 13 and 14 present instrumental graphical evidence
of differences in shoulder girdle muscle endurance between
patients who underwent a personalized course of medical
rehabilitation and those without restorative treatment.
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Fig. 11. Subjective pain score (PSS).

The assessment was performed using markerless video
analysis with control of key points in the frontal plane: hand,
elbow joint, and shoulder joint. The graphs illustrate spatial
changes of the control points (joints) during a load test: in
a patient who did not undergo organized rehabilitation, the
elbow joint level dropped by 15 cm (vs. 7 cm in a patient
after rehabilitation), and the hand shifted toward the center
by 20 cm (vs. 10 cm after rehabilitation). These data indicate
relatively low endurance of the shoulder joint muscles to
static loads in patients who did not complete a course of
medical rehabilitation.

Correlation analysis revealed that shoulder joint range of
motion and muscle strength were closely related. Abduction
showed a strong positive correlation with abduction strength
(r=0.804, p < 0.001) and flexion strength (r = 0.941, p < 0.001),
whereas external rotation demonstrated a significant
relationship with the strength of the muscles responsible for
this movement (r = 0.813, p < 0.001). Analysis of coordination
parameters showed that the spherical motion sector (volume)
positively correlated with abduction (r = 0.725, p < 0.001) and
flexion (r = 0.768, p < 0.001).
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Fig. 13. Static load endurance test result: Patient K., 57 years old, treatment group.
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Analysis of the relationship between pain and quality of
life showed that pain level (PSS) was negatively correlated
with range of motion parameters (abduction: r = -0.368,
p = 0.035; flexion: r = -0.446, p = 0.009), indicating that lower
subjective pain levels were associated with greater joint
mobility. The DASH score had a strong negative correlation
with functional parameters, particularly abduction range
of motion (r = -0.824, p < 0.001) and coordination ability
(r=-0.708, p < 0.001), which—given the scoring specificity
of this scale (lower is better)—indicates a close relationship
between these parameters. In addition, a positive correlation
was found between the physical component of SF-36 and
muscle strength (r = 0.558, p = 0.001), suggesting that
muscle activity affects overall physical well-being, thereby
improving patients’ subjective quality of life.

DISCUSSION

This study confirmed that early mobilization of patients
after reverse shoulder arthroplasty, combined with controlled
load progression and inclusion of coordination training, leads
to significant improvements in range of motion, muscle
strength, and quality of life. Incorporating biofeedback into
the rehabilitation program allowed for objective assessment
of the spherical motion sector, which has not been accounted
for in most previous studies.

The findings are consistent with those of Howard et
al., who demonstrated the benefits of early mobilization
for improving mobility and reducing postoperative pain
syndrome [16]. However, their study did not account for
the effect of coordination abilities on functional recovery.
In contrast, our study demonstrated that patients who
underwent rehabilitation with BFB exhibited significantly
better movement control, which was confirmed by a larger
spherical motion sector (234,348.24 + 43,536.8 cm® vs.
133,506.56 + 30,866.74 cm® in the control group; p = 0.001).

DAl https://doiorg/10.17816/vt0659791

Analysis of the recovery changes in range of motion
revealed that patients who completed the developed
rehabilitation course had a significant advantage over those
without organized rehabilitation: shoulder abduction reached
151.18 + 16.16° compared with 114.69 + 27.54° in the control
group (p < 0.001). These findings are in line with the works
of Salamh and Speer, which confirmed that early mobilization
does not increase the risk of prosthesis instability. However,
unlike our study, their research did not include strict load
control or coordination training, factors that could influence
long-term functional outcomes [20].

Our data also demonstrate that active integration
of strength and coordination exercises led to more
pronounced improvements in muscle function. For
example, abduction strength in the treatment group was
28.13 + 13.14 Nm, significantly higher than in patients
without rehabilitation (17.99 + 8.88 Nm; p = 0.005). The
traditional approach described by Kirsch et al. emphasizes
the need for prolonged immobilization (up to 6 weeks) to
protect the prosthesis, but this may result in hypotrophy
and contractures [21]. In our study, by contrast, early
engagement in active exercises helped maintain muscle
strength and improve functional parameters without
increasing pain syndrome.

The personalized approach applied in our rehabilitation
program is consistent with the principles described by
Romano et al., where patients with different risk profiles were
offered tailored recovery programs [22]. However, our study
differed in that load individualization was based on objective
instrumental diagnostics (isokinetic dynamometry, BFB),
enabling flexible adaptation of the rehabilitation process and
achieving superior functional outcomes.

Thus, the developed rehabilitation program combines the
key advantages of existing approaches: early mobilization,
personalized load distribution, and objective assessment of
recovery. The inclusion of coordination control and spherical
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motion sector measurement makes this program more
precise and effective compared with traditional methods.
These findings highlight the need for a comprehensive
approach to recovery after reverse shoulder arthroplasty and
can serve as a basis for further optimization of rehabilitation
protocols.

Study Limitations

This study has several limitations that should be
considered when interpreting its results. The relatively
small sample size may limit the generalizability of the
findings, highlighting the need for further research with
greater representativeness. Additionally, the heterogeneity
of the control group should be taken into account, as
patients who performed self-directed rehabilitation could
differ substantially in their level of activity and adherence
to recovery measures, which may have influenced the
significance of the comparisons. The study also did not
include a detailed analysis of the impact of individual
factors, such as baseline physical fitness, motivation, and
neuromuscular adaptation characteristics, which could have
had a substantial effect on rehabilitation outcomes. In the
future, it will be important to consider these aspects when
developing personalized rehabilitation protocols to improve
the accuracy of evaluating the effectiveness of rehabilitation
interventions and their long-term results.

CONCLUSION

Reverse shoulder arthroplasty is an effective surgical
treatment method for degenerative and post-traumatic
shoulder joint conditions, allowing substantial improvement
of joint function and reduction of pain. Incorporating a
personalized rehabilitation approach is essential to help
patients adapt to the altered joint biomechanics, prevent
possible complications, and accelerate recovery.

The optimal scope of medical rehabilitation plays
a key role in restoring shoulder joint motor function,
coordination, and muscle strength. This study confirms
that a specialized rehabilitation program employing
modern techniques, including biofeedback and isokinetic
dynamometry, significantly improves range of motion,
coordination, and patient-reported quality of life. Further
research is required to refine rehabilitation protocols and
determine the optimal timing and scope of restorative
interventions.
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AOMO/IHUTE/IbHASA UHOOPMALIUA

Bknap asTopoB. Bce aBTopbl 0806punu dmHanbHylo Bepcuio nepes
nybnvKaumen, a Takxe cOrnacuincb HeCTV OTBETCTBEHHOCTb 3@ BCe
acneKThl paboTbl, rapaHTVpyA Haflexalliee PacCMOTPEHNE W peLleHre
BOMPOCOB, CBA3aHHbIX C TOYHOCTBIO W A0BPOCOBECTHOCTBLIO Noboi eé
yacTu.

WUcTouHnku dpunancuposaums. OtcyTcTByioT.

PackpbiTue uHTepecoB. ABTOpbI 3asBNAKOT 00 OTCYTCTBUM OTHOLLEHWIA,
LeATeNbHOCTY U MHTEPEcoB (JIMYHbIX, NPOdECCUOHanbHLIX Uk GrHaHCO-
BblX), CBA3aHHbIX C TPETbUMM JTNLAMM (KOMMEPYECKVMM, HEKOMMEPUECKVIMY,
YaCTHBIMM), MHTEPECH! KOTOPLIX MOTYT BbiTb 3aTPOHYTHI COLEPIKaHMEM CTa-
b, @ TaKKE MHBIX OTHOLLIEHWIA, AeATENBHOCTY W MHTEPECOB 3a NocnefHue
TPU rofa, 0 KOTOPbIX HEOBXOAMMO COOBLLNTS.

OpurunanbHocTb. [Tpy co3aaHny HacTosLLen paboTel MCNob30BancA
cnocob poboTU3MPOBaAHHOM MexaHoTepanuu, KOTopbIA Bbin 3anaTeH-
TOBaH aBTOPaMu U1 BbIN OTPAXEH B MPOLLAOM MCCNEeAO0BaHUK, onybam-
KOBaHHOM B XypHane «MegaunumHckuin andasut» B 2024 roay: Yyrpe-
e WA, ®ecion AL, CtaxkuHa EM., Poxwxosa E.A. IdderTnBHOCTL
MPUMEHEHNA KOOPAVHALIMOHHBIX TPEHVPOBOK B MPOrpamMme MeauLMH-
CKOW peabunuTaLmm naumeHToB Nocsie peBEPCMBHONO 3HA0MPOTE3NPO-
BaHWs NneyeBoro cycTasa // Hesponozus u ncuxuampus 2024;(2):43-46.
doi: 10.33667/2078-5631-2024-2-43-46

[eHepaTMBHbIN MCKYCCTBEHHBIN MHTENNEKT. [1py co3naHnM HacTosLLIe CTa-
b TEXHONOMMM FEHEPATUBHOMO MCKYCCTBEHHOMO MHTESUEKTA HE UCTONb30BaA.
PaccMoTpehue u peueH3npoBaHme. HactosLas pabota nofaHa B ypHan
B MHULWATVBHOM MOPAAKE W paccMOTpeHa Mo 0bblyHoM npolesype. B pe-
LieH31POBaHWM Y4aCTBOBANM [1Ba BHELLHWX PELIEH3EHTa, YreH pefaKLmMoH-
HOW KOANErnm 1 HayuHbIA peaaKTop U3faHus.

WndopmmpoBaHHoe cornacue Ha ny6nvkaumio. ABTOpbI NOYYMAM NUCh-
MEHHOE Corniacie NaLMeHToB Ha NyBAMKaLMIo MX MEeLMLMHCKMX AaHHBIX W
dotorpadui (24.11.2024).
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