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THE EFFECT OF PHYSICAL THERAPY PROGRAMS ON RANGE OF MOTION AND PAIN
IN PATIENTS WITH ADHESIVE CAPSULITIS AND MYOFASCIAL PAIN SYNDROME

Actuality. Adhesive capsulitis of the shoulder joint and myofascial pain syndrome are common. Physical therapy plays a key role
in their treatment. However, research has focused on one of these conditions, not the combination.

The aim — to investigate and compare the effects of and range mobilization, and mobilization and proprioceptive neuromuscular
facilitation, and therapeutic exercises combined with ischemic compression on range of motion and pain among patients with adhesive
capsulitis and myofascial pain syndrome in the thoracic region.
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Material and methods. The study included 150 patients. Patients were divided into groups: the first outpatient group (OGI,
n=50), the second outpatient group (OG2, n=50) and the home program group (HPG, n=50). OG1 participants received procedures
of end-range shoulder joint mobilization (five times a week, 3 weeks, performed by a physical therapist) and ischemic compression
of myofascial trigger points (daily, performed independently). OG2 participants additionally received proprioceptive neuromuscular
facilitation. After the end of the main three-week intervention block, patients OG1 and OG2 were advised to use the affected limb as
much as possible in household activities. HPG participants performed therapeutic exercises (twice a day) and ischemic compression of
trigger points (daily, performed independently). In HPG, the duration of the physical therapy was 12 weeks. Shoulder joint goniometry
and trigger point pain assessment were performed before the intervention, at the beginning of the second and third weeks, at the end
of the third week of therapy (in particular, after the end of the main block physical therapy program for OG1 and 0G2), and 9 weeks
after the start of physical therapy.

Results. The results confirmed the positive dynamics in the groups for all investigated amplitude and trigger point pain indicators.
The interventions OG1 and OG2 had advantages compared to the use of therapeutic exercises in combination with ischemic compression
already a week after the start of physical therapy. According to the final results, the effectiveness of OGI therapy did not differ from the
effectiveness of OG2 therapy. The advantages of adding proprioceptive neuromuscular facilitation were noted only at the second and third
assessments. The final assessment of trigger point pain also confirmed the advantages of the interventions performed in OG1 and OG2.

Conclusions. The comparison of the effectiveness of three treatment programs found that the least dynamic was when using
therapeutic exercises with ischemic compression. The benefits of adding proprioceptive neuromuscular facilitation to end-range
mobilization with ischemic compression were temporary and were not observed at the final assessment. The use of end-range
mobilization with ischemic can be considered the optimal option. The dynamics of the indicators were significant in all groups.

Key words: rehabilitation, manual therapy, exercises, musculoskeletal system, shoulder joint, activity, ergotherapy.
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BILJIUB ITPOT'PAM ®I3UYHOI TEPATIIi HA JTIATTA30H PYXIB TA BLJIb Y ITAIIIEHTIB 3
AATI'E3UBHUM KAIICYJITOM TA MIO®ACHIAJIBHUM BOJbOBUM CUHAPOMOM

Axmyansuicme. Aoee3usruil Kancyiim nie4o8o2o cyenody ma miogacyiarsHuii 601608l CUHOPOMOM WUPOKO POZNOBCIOO0NHCEHI.
Dizuuna mepanis 6ioepac Kuo4o8y poav y ix aikyeanni. IIpome 0ocniodcennss hokycyiomvpcs Ha 00HOMY 13 Yux CMawie, a He Ha ix
NOEOHAHHI.

Mema 0ocniorcenna — docnioumu ma NOpi6HAMU 6NIUE KIHYEBOAMNIINYOHOI MOOLNI3ayii, KiHyeeoamMniimyoHoi mobinizayii ma
nponpioyenmueHoi Hetipom ‘130601 (acurimayii, mepanesmuyunux enpas, KOMOIHOBAHUX 3 IUEMIYHOIO KOMAPECIEIO HA AMNAIMYOY PyXy
ma 6inb ceped nayicHmia 3 a02e3UsHUM KANCyIimom nie4o8020 cyeiody ma miogacyiansnum 6oabo8uUM CUHOPOMOM Y 2pYOHOMY GIOOLNI.

Mamepian i memoou. Y oocnioxcenni e3sanu yuacmo 150 nayienmis. Ilayienmu Oynu po30ineHi na mpu epynu: nepuia amoyiamopHa
epyna (AI'l, n=50), opyea ambynamopna epyna (Al 2, n=50) ma epyna oomawnwvoi npoepamu (L /JI1, n=50). Yuacnuxu AI'l ompumyeanu
npoyeoypu KinyegoamMn.iimyoroi Mooinizayii niewogoco cyenody (n’amv pazie Ha MudicOeHb, mpu MudiCHI, 6UKOHYBAIACS (DI3UUHUM mepa-
nesmom) ma imemiyHy KomMnpecito MioQacyianrbHux mpuzepHux modox (WooHs, 6UKoHysanacsa camocmiino). Yuacnuxu A2 0ooamxoso
OmpuMy6an nponpioyenmusHy Hetpom 1306y gacunimayiro. ITicia 3aKinuents OCHOBHO20 MPUMUNICHEBO20 ONOKY BMPYYAHHS NAYIEH-
Mmam paounocs MakCUMAaibHo GUKOPUCTIOBYBAMU YPadiCeHy KIHYIBKY 6 nodymositl akmuenocmi. Yuacnuxu 1[I euxonysanu mepane-
8MUYHI 6npasy (08iui HA OeHb) MaA IeMIYHY KOMAPeCiio MpueepHux modox (WooHs, eukonysanacs camocmitino). ¥ I J[I1 mpueanicme
npoepamu izuunoi mepanii cmanosuna 12 mudicnie. [oniomempis nieuo6o2o cyenody ma oyinka 60110 y mpueepHux moukax 6UKOHy6d-
JUCS 00 BMPYUANHS, HA NOYAMKY OPY2020 Md MPemb0o20 MUICHS, Y KIHYI Mpembo2o mudicHs mepanii (30Kkpema, nicis 3aKiHuents npo-
epamu pizuunoi mepanii onsa AI'l ma AI'2), a makodc uepes 0es ’amv mudCHig nicia novamxy gizuunoi mepanii.

Pesynomamu oocnioncenns. Pesynomamu niomeepounu nosumuery OUHAMIKYy 6 epynax 3a 6Cima 0OCTiONCEHUMU NOKASHUKAMU
amnaimyou ma o6oato y mpueepnux mouox. Ympyuannusa AI'l ma AI'2 mano nepesacu nopisHAHO 3 GUKOPUCTNAHHAM MeEPANeSMUYHUX
8npas y KomOIHayii 3 iWeMiuHo KOMNPeCicio yoce uepe3 muicOeHb nicis nouamxy @isuunoi mepanii. Bionogiono 00 3axiOuHUX
pesynbmamie, echexmuenicmo mepanii AI'l ne giopisusnacs 6io epexkmusnocmi mepanii AI'2. Ilepesacu 0odasanis nponpioyenmusHol
Hetipom 5130601 pacunimayii 6io3navanuca tuue nio 4ac opy2o2o ma mpemvo2o OYiHIOEAHH:. 3aKuiouHe OYiHIOB8AHHs OO0 y mpueep-
HUX THOUKAX MAKOXHC NIOMBEEepouno nepesazu ympyiaus, kompi eukonyeanucs y AI'l ma AI2.

Bucnosok. Iopisnannsa eghpekmuenocmi mpbox npoepam JiKy6auHs NOKA3AN0, WO HAMeHwa OuHamixa 6yna nio uac sukopu-
CMAHHs MepanesmudHux 6npaeg 3 iwemiunor komnpecier. llepesazu dodasarnms nponpioyenmugroi Hetipom ‘830601 ¢acunimayii 0o
KiHYe80aMn.IimyOHoi MOOIni3ayii 3 iueMiuHo0 KoMNpecieto OYIu MUMYAco8UMY i He CHOCMEPI2aUcs Nid Yac 3aKII0YHO20 OYIHIOBAHHSL.
Buxopucmanns kinyegoamniimyonoi Mo6inizayii’ 3 iuemMiuHo0 KOMRPECIEI0 MOJICHA 88axNcamu ONMUMaIbHUM eapianmom. JJunamika
NOKA3HUKIG OYNIA 3HAUUMOIO Y BCIX SPYNAX.

Kniouogi cnoga: peabinimayis, manyanvna mepanis, 6npasu, 0NOPHO-PYX06d CUCMEMA, NIeHOBULl Y2100, aKMUGHICMb, epzome-
panis.

Introduction. Idiopathic adhesive capsulitis (AC),
also known as «frozen shoulder», is characterized by a
gradual reduction in the range of active and passive move-
ments in the glenohumeral joint (Rangan, et. all, 2020;
Teytelbaum, et. all, 2024), accompanied by progressive
pain (Fields, et. all, 2019). The prevalence of AC in the
general population is 2—-5% (Jump, et. all, 2021; Ramirez,
2019; Teytelbaum, et. all, 2024). It most commonly affects
middle-aged women (Fields, et. all, 2019; Tedla & San-
gadala, 2019). In most cases, AC is idiopathic (Ramirez,
2019), but its association with autoimmune, rheumatoid,
and endocrine disorders has been described in the liter-
ature (Fields, et. all, 2019; Jump, et. all, 2021; Schiefer,
et. all, 2017). AC was previously thought to have a rel-
atively benign course with three phases (pain, stiffness,
and recovery; total duration 1-2 years), culminating in
full recovery of function without therapeutic intervention.
However, recent evidence suggests that permanent func-
tional limitations and disability may occur (Fields, et. all,
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2019; Ramirez, 2019). There are also reports of longer
phases (Tedla & Sangadala, 2019). Providing an effective
and cost-effective treatment plan remains a challenge in
the management of AC (Teytelbaum, et. all, 2024).

A critical review of clinical guidelines highlights the
significant variability in recommendations and the need
for standardization of criteria for the diagnosis and treat-
ment of AC (Salamh, et. all, 2025). There is no single
universally accepted standard for the treatment of AC.
Therapeutic approaches are divided into conservative
and surgical (Fields, et. all, 2019; Ramirez, 2019). Con-
servative treatments include physical therapy (PT), the
use of nonsteroidal anti-inflammatory drugs and other
medications, and intra-articular corticosteroid injec-
tions. Among conservative approaches, PT is the most
common and recommended by specialists (Tedla & San-
gadala, 2019). Recent randomized trials confirm the role
of modern conservative strategies in the treatment of AC
(Teytelbaum, et. all, 2024; Amjad & Asghar, 2025).
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Myofascial pain syndrome (MPS) is a common
pathological condition characterized by the formation of
trigger points (TPs) in skeletal muscles and fascia (Wu,
et. all, 2022; Steen, et. all, 2025). The pathogenesis, diag-
nostic criteria, and classification of MPS are still under
investigation, making it difficult to develop standard-
ized treatment protocols. Although diagnostic tools have
improved, MPS often remains under-recognized due
to the overlap of symptoms with other pain disorders,
such as fibromyalgia, neuropathic pain, and joint disor-
ders. Factors contributing to its onset and maintenance
include muscle overload, postural imbalances, systemic
conditions, and psychological and behavioral influences
(Steen, et. all, 2025). MPS significantly impairs quality
of life, emotional well-being, and social and physical
functioning (Galasso, et. all, 2020; Roldan & Hu, 2015).

PT plays a key role in the treatment of patients with
both AC (Challoumas, et. all, 2020; Rangan, et. all,
2016) and MPS (Barbero, et. all, 2019; Chen, et. all,
2025), similar to its use in other musculoskeletal dis-
orders (Fedorenko, et. all, 2024, 2020) and and pathol-
ogies of other systems of the human body (Balazh, et.
all, 2020; Vitomskyi, 2020; Vitomskyi, et. all, 2022).
Physical therapy programs for AC include active and
passive stretching exercises, pendulum exercises, pro-
prioceptive neuromuscular facilitation (PNF) tech-
niques, cold application, shockwave therapy, electrical
nerve stimulation, end range mobilization (ERM) (Tedla
& Sangadala, 2019; Challoumas, et. all, 2020; Anwar,
et. all, 2022). MPS therapy typically involves the use of
therapeutic exercises, heat therapy, ultrasound therapy,
ischemic compression (IC), massage, and other manual
techniques (Barbero, et. all, 2019; Lew, et. all, 2021).

Given the prevalence and significant impact of these
pathologies on the functional state of patients, research into
the effectiveness of PT in AC and MPS is extremely relevant.

Connection of the study with scientific programs, plans,
topics. The work was carried out according to the plan of
scientific research work of National University of Physical
Education and Sports of Ukraine for 20212025 on the topic
«Restoration of functional capabilities, activity and partici-
pation of people of different nosological, professional and
age groups by means of physical therapy», state registration
number 0121U107926.

The aim — to investigate and compare the effects of
ERM, ERM with PNF, and therapeutic exercises combined
with IC on range of motion and pain among patients with
AC of the shoulder joint and MPS in the thoracic region.

Materials and methods.

Participants

The study involved 150 patients who were treated at
the GI «Institute of Traumatology and Orthopedics of
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the National Academy of Medical Sciences of Ukraine».
Before PT, patients underwent diagnostic tests and received
a consultation from an orthopedic traumatologist.

Ethical consent was provided by the ethics commit-
tee of the local institution (protocol No. 2, dated March
30, 2023), in accordance with the Helsinki Declaration.
The patients willingly participated in the study, and their
voluntary participation was confirmed by their person-
ally signed informed consents.

Inclusion and exclusion criteria are presented in pre-
vious scientific works (Rusanov & Vitomskyi, 2023).

Intervention

Patients were divided into three groups: the first out-
patient group (OG1, n=50), the second outpatient group
(OG2, n=50) and the home program group (HPG, n=50).
PT began after examination and consultation with an
orthopedic traumatologist. All patients received consul-
tation with a physical therapist.

Participants in OG1 and OG2 received information
about the features of ERM and IR during a consultation
with a physical therapist, in particular, about the level
of pain, the importance of interaction with the physical
therapist, and measures to reduce pain during the pro-
cedures. OG1 patients received ERM, which was per-
formed by a physical therapist 5 times a week to improve
shoulder joint mobility. Mobilization was used in the
form of intensive ERM from Maitland grade I to V. The
duration of the CAM procedure was 20-25 minutes. A
detailed description of the ERM procedure is available
in previous studies (Rusanov & Vitomskyi, 2023). The
number of procedures could be changed by the physical
therapist.

In addition, OG2 patients received PNF procedures.
The first PNF technique used involved performing
diagonal spiral movements against the resistance of the
physical therapist several times through the full range of
motion. The facilitation of flexion, abduction, and exter-
nal rotation of the shoulder was performed by perform-
ing the PNF flexion pattern for the upper limb with the
elbow straight D2F using the contract-relax technique.
PNF for the internal rotators and for shoulder abduction,
namely the hold-relax technique, was performed in the
supine and sitting positions, respectively.

In OG1 and OG2, the planned duration of the phys-
ical therapy program was 3 weeks. After that, patients
were advised to use the affected limb as much as possi-
ble in daily activities.

During the consultation, the participants of the HPG
received information about the features of therapeutic
exercises and IC. In addition, the physical therapist per-
formed a demonstration and evaluated the patient’s trial
performance of the exercises. Patients received informa-
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tion sheets with a description of the exercises and photo-
graphs. The patients performed the therapeutic exercises
independently. The complex included pendulum exer-
cises (7-10 minutes) and stretching exercises (15-20 min-
utes) for the shoulder joint. The exercises were performed
twice a day. The planned consultation of HPG patients
by a physical therapist took place at the beginning of the
2nd and 3rd weeks of PT, as well as at the end of the 3rd
week. During the consultations, the physical therapist
received information from the patients about their prac-
tice of performing exercises and IC, provided additional
explanations, and assessed the dynamics. If necessary,
the patients clarified the information about their physical
therapy. A detailed description of the therapeutic exercises
is available in previous studies (Rusanov, et. all, 2023). In
the HPG, the duration of the PT program was 9 weeks.

Patients in all groups were advised to perform all
activities, including household activities, with the maxi-
mum possible range of motion in the shoulder joint.

For TPs therapy, all patients performed IC inde-
pendently. During the first consultation, the physical ther-
apist determined the localization and compiled a map of
active and latent TPs. This map was given to the patient.
The patient was instructed on the techniques and meth-
ods of influencing TPs of different localization. A detailed
description of IC is available in previous studies (Rusa-
nov & Vitomskyi, 2023). It should be noted that IC of
one point lasted 30 seconds. Several compressions could
occur at one point. Pain should be of medium or above
average level. IC was performed daily for 15-20 minutes.

Testing methods

Shoulder joint goniometry and assessment of pain
in the TPs were performed before the intervention, at
the beginning of the second and third weeks, at the end
of the third week of therapy (after the completion of
the main block of physical therapy programs of groups
OG1 and OG2), and 9 weeks after the start of PT. Active
amplitude was measured. The goniometer was posi-
tioned according to methodological recommendations
(Clarkson, 2013). Initially, external and internal rotation
in patients was measured in the supine position with the
shoulder abducted at 15° and a small pillow or folded
towel under the elbow. Later, the abduction angle was
increased according to the patient’s capabilities.

Pain in TPs was assessed on a numerical scale from
0 («no painy) to 10 («worst pain») (Markman, et. all,
2020) with a pressure of 2.5 kgxcm? using a digital
VTSYIQI strain gauge. The highest pain score among
TPs was recorded.

Statistical analysis

The results were processed using mathematical statis-
tics. SPSS Statistics 21 was used. The median (Me) and
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upper and lower quartiles (25%; 75%), mean value and
standard deviation (X+SD) were calculated. Compliance
with the law of normal distribution was checked by the
Shapiro-Wilk test. One-way analysis of variance (if the
indicator conforms to the law of normal distribution) and
the Kruskal-Wallis test (with Dunn’s posterior test) were
used to compare the results of groups. Friedman’s two-
way analysis of variance with post-hoc analysis to com-
pare the results of several measurements in one group.

Research results and their discussion. Among OGl,
the X£SD values for the age indicator were 55.12+7.88
years, and for OG2 and HPG groups, 56.94+7.75 years
and 54.5£8.65 years, respectively. Levene’s criterion
confirmed the homogeneity of variance in the age results
(p=0.742). The results of the one-way analysis of variance
did not confirm the presence of a significant difference
between the groups in terms of age (F= 1.225; p=0.297).
The Me (25%; 75%) values for this indicator were 54
(50; 59.5) years, 57 (50.75; 63.25) years and 53.5 (47;
59) years. The groups did not differ statistically in the
duration of symptoms: OG1 — 6 (6; 7) months, OG2 —7 (6;
8) months, HPG — 7 (6; 8) months (y*>= 3.339; p=0.188).
The values of X£SD for this indicator were 6.66+1.87
months, 7.12+1.65 months and 6.9+1.62 months, respec-
tively. The proportion of women was higher in the groups:
0OG1 - 70%, OG2 — 76%, HPG — 72%.

According to the results of statistical analysis, the
distribution of patients by gender was the same in the
groups (y>=0.656; p=0.842). Left-sided localization of
the lesion was in 66% of OG1, 62% of OG2 and 70%
of HPG. According to the results of statistical analysis,
the distribution of patients by localization was the same
in the groups (¥*=0.713; p=0.700). The proportions of
patients with the affected dominant upper limb were sta-
tistically the same: OG1 — 68%, OG2 — 64%, HPG — 70%
(¥>=0.424; p=0.810). An equal proportion of group par-
ticipants received a nonsteroidal anti-inflammatory drug:
0OG1 — 4%, OG2 — 4%, HPG — 2% (¥*=0.414; p=0.813).

The number of sessions with a physical therapist
did not differ between OG1 and OG2 (Z = -0.319; p =
0.749). In OGI, one patient received thirteen ERM ses-
sions, two fourteen sessions, two — sixteen, one — seven-
teen sessions, and the majority (88%) fifteen sessions. In
0G2, one patient received fourteen ERM sessions, two —
sixteen, and the majority (94%) fifteen sessions.

The results of statistical analysis of the active ampli-
tude of movements in the shoulder joint at the first meas-
urement did not establish any differences between the
groups (table 1). The second and third measurements
established a difference between OG1 and OG2 (in favor
of OG2) in terms of rotation indicators, as well as better
indicators in OG1 and OG2 compared to HPG in terms
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of all amplitude indicators. In addition, at the beginning
of the third week, OG2 had better abduction indicators
compared to OGI1. The fourth measurement also con-
firmed the advantages of OG1 and OG2 over HPG in
terms of all indicators, but the difference between OG1
and OG2 was no longer observed. The results of the
comparison of the final assessment of amplitudes were
similar. The study of dynamics in groups using Fried-
man’s two-factor analysis of variance established signif-
icant changes in all amplitude indicators (p<0.001).
Comparison of the initial results of the pain index
in TPs using the Kruskal-Wallis test did not establish a
statistically significant difference between the groups
(Table 2). According to the results of the comparison of
the indicators of the third measurement (at the begin-
ning of the third week), OG1 and OG2 did not differ
(Z = 2.392; p = 0.050). At the same time, the results
of the HPG were not worse than OG1 (Z = -0.305; p
= 1.000), but were worse than OG2 (Z = -2.697; p =
0.021). The results of the statistical analysis of the val-
ues of the fourth measurement using the Kruskal-Wallis
test confirmed the presence of a statistically significant
difference between the groups. Dunn’s test for pairwise
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comparison of groups established that the results of OG1
and OG2 did not differ (Z = 2.180; p = 0.088). At the
same time, the results of HPG were not worse than in
OGl1 (Z = -1.912; p = 0.168), but were worse than in
0OG2 (Z=-3.890; p <0.001).

Comparison of the results of the final measurement
established a statistically significant difference between
the groups, and pairwise comparison of the groups estab-
lished that the results of OG1 and OG?2 did not differ (Z
=0.194; p = 1.000). At the same time, the results of the
HPG were worse than in OG1 (Z = -7.692; p < 0.001)
and OG2 (Z = -7.887; p < 0.001). The study of dynam-
ics in the groups using two-factor Friedman’s analysis
of variance established significant changes in the pain
index in TT (p <0.001).

Discussion. The results indicate positive dynamics in
the three groups for all studied amplitude and pain indi-
cators in TPs. According to the obtained results, the use
of ERM in combination with IC or the use of ERM and
PNF in combination with IC had advantages compared
to the use of therapeutic exercises in combination with
IC already a week after the start of PT. At the same time,
according to the final results, the effectiveness of using

Table 1
The value of Me (25%; 75%) of the passive amplitude of movement in the shoulder joint
. . Groups e
Evaluation period 0G1 (=50 | 0G2 (n=pS 0) | HPG (n=50) Criterion P
Abduction
Initial measurement 49 (34,5; 60) 49 (33,75; 59,25) 51 (44,75; 55,25) 2,310 0,315
Beginning of the second week 73 (59,75; 79,25) 78 (65,75; 84) 62,5 (54,75; 69) 32,145 <0,001
Beginning of the third week 94,5 (89,5; 100,75) 101 (95,75; 105) 73 (66,75; 78,25) 96,415 <0,001
End of the third week 110 (105; 114,25) 112 (109; 115) 89,5 (84; 96) 98,969 <0,001
Final 110 (105; 110) 110 (107; 114) 96 (92,75; 101) 80,497 <0,001
Flexion
Initial measurement 61 (53,75; 69,25) 59 (51,75; 67,25) 65 (59,25; 73) 1,579 0,454
Beginning of the second week 95,5 (84,25; 100,25) | 102 (88,5; 105,25) 75 (68,25; 83,25) 30,470 <0,001
Beginning of the third week 155 (144,75; 160) 155 (140,5; 160) 92,5 (85,75; 101) 83,464 <0,001
End of the third week 173 (170; 175) 171 (168; 172,25) 120 (95; 125) 97,617 <0,001
Final 172 (170; 175) 17(1)7(21’6275’)7 3 125 (104; 137) 96,301 | <0,001
Internal rotation
Initial measurement 13 (11; 17,25) 14 (11,75; 18) 14 (12; 18) 1,996 0,369
Beginning of the second week 26 (23; 31) 30 (28; 33,75) 23 (20,75; 25) 44,386 <0,001
Beginning of the third week 46,5 (43; 51) 55(51;58) 31 (28;34) 100,253 <0,001
End of the third week 90 (83; 90) 88 (84; 88) 43,5 (41; 45) 104,980 <0,001
Final 90 (80; 90) 85 (80,75; 86) 51,5 (49; 54) 94,875 <0,001
External rotation
Initial measurement 15 (12; 17,25) 16 (13; 18,25) 15 (13; 18) 1,982 0,371
Beginning of the second week 25 (23; 30) 29 (27, 34,25) 22 (19,75; 25) 49,249 <0,001
Beginning of the third week 47 (41,75; 52) 56 (50,75; 60,25) 31 (29; 34) 99,333 <0,001
End of the third week 90 (83,75; 90) 88 (83,25; 90) 45 (43; 46,25) 102,777 <0,001
Final 90 (80; 90) 85 (80; 87,25) 51 (48,75; 54) 94,512 <0,001
Note. * Kruskal-Wallis test (based on y? tables)
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Table 2
Indicators of Me (25%;75%) trigger point pain, score

Evaluation period 0G1 (n=50) ngr (zz[:) Z 0) HPG (n=50) Criterion” P
Initial measurement 9(9;9) 9(8;9) 9(9;9) 3,776 0,151
Beginning of the second week 8(7;8) 7(7;8) 8(7;8) 7,228 0,027
Beginning of the third week 6 (5;6) 5(5;06) 6 (5;6) 8,725 0,013
End of the third week 3(2;4) 2 (2; 3,25) 3(3;9) 15,352 <0,001
Final 1,5(1;2) 2(1;2) 3(3:4) 80,941 <0,001

Note. * Kruskal-Wallis test (based on x? tables)

ERM in combination with IR did not differ from the use
of ERM and PNF in combination with IC. The advantages
of adding PNF were noted only at the second and third
assessments. Thus, the use of ERM and IC is a rational
option for choosing among the rearranged PT options.
The final pain assessment in TPs also confirmed the bene-
fits of the interventions performed in OG1 and OG2.

The results obtained are consistent with previous
ones regarding the effectiveness of ERM, PNF, and IC.

In particular, the study by A. Anitha et al. (2020) was
devoted to studying the effectiveness of adding ERM to
the traditional treatment of patients with AK (interfer-
ence therapy and free exercises (pendulum exercises,
toe walking, towel stretching, stick exercises). Patients
received 12 sessions over 2 weeks. The researchers
found advantages in amplitude indicators in the group
receiving ERM.

S.S. Maarouf et al. (2021) compared the effective-
ness of mobilization (ERM and scapular mobilization)
and passive stretching exercises. Both groups showed
improvements in all ranges of motion. In particular, in
the mobilization group, the flexion range increased from
97° to 154.75°, and in the exercise group, from 96° to
135.75°. It should be noted that all patients received 12
sessions over 6 weeks, and levels 3 or 4 were used for
mobilization.

The results obtained are consistent with those
reported in the study by G.Y. Kumar et al. (2015). The
authors demonstrated that the addition of mobilization
(level 3—4) and scapular stabilization exercises to the
standard therapy program enhances the clinical effi-
cacy of AC therapy. The standard therapy in this study
included Codman exercises, the «finger step», as well as
strength and stretching exercises, which were performed
according to the patient’s pain tolerance and in a com-
fortable position. The treatment course lasted 4 weeks
(20 sessions). A statistically significant increase in the
amplitude of external rotation was recorded in the mobi-
lization group — from 14.53° to 34°, while in the control
group this indicator increased from 14.8° to 23.07°. The
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difference found emphasizes the importance of includ-
ing high-level mobilizations in rehabilitation programs
for AK patients.

S. N. Ansari et al. (2012) found that the combination
of ERM with ultrasound was superior to the combination
of passive stretching with cryotherapy on shoulder pain.
In a previous study Vermeulen et al. (2000), the effec-
tiveness of ERM, performed twice a week for 3 months
in patients with AC, was found to be, in particular, that
the mean active abduction amplitude increased from 91°
to 151° and external rotation from 13° to 31°.

An analysis of the effectiveness of ERM (Maitland
technique, Vermeulen approach, scapular mobilization)
compared with standard intervention (active exercises,
stretching, passive mobilization in the middle range of
motion) in AC was conducted in a study by J.L. Yang et
al. (2012). The authors found that the use of ERM demon-
strated greater effectiveness in terms of functional recovery
and range of motion at the 4th and 8th weeks of treatment,
provided that the therapy was performed twice a week.

A systematic review of the effectiveness of PNF
techniques by J.S. Tedla and D.R. Sangadala (2019)
found that PNF was associated with greater reductions
in pain and disability, as well as increased range of
motion and improved function compared with standard
interventions. The meta-analysis confirmed not only the
significant clinical effect of PNF but also its superiority
over traditional PT in reducing pain in AC, increasing
external rotation and abduction.

Regarding the effectiveness of IR, previous studies
have shown its positive effect on latent myofascial trigger
points in the rhomboid muscles, in particular on the pain
threshold when pressed (Fahmy, et. all, 2021). The clinical
effect of IR in individuals with myofascial trigger points
in the upper trapezius muscle was studied in the work of
M. Ziaeifar et al. (2019). A significant reduction in pain
intensity was recorded in both the short and medium term.

The obtained results of the effectiveness of interven-
tions in OG1 (ERM and IC), and OG2 (ERM, PNF and
IC) and HPG (therapeutic exercises and IC) are consist-
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ent with the conclusions of previous studies and com-
plement them. It should be noted that when comparing
the results, the intensity of ERM and IC should be taken
into account.
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MPS found that the least dynamic was when using
therapeutic exercises with IC. The benefits of adding
PNF to ERM with IC were temporary and were not
observed at the final assessment. The use of ERM and

IC can be considered the optimal option. The dynam-
ics of the indicators were significant in all groups.

Conclusion. A comparison of the effectiveness of
three treatment programs for patients with AK and
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