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ABSTRACT

The goal was to evaluate the efficacy of neurorehabilitation (NR) in post-stroke patients with hemiparetic shoulder.
We observed a total of 118 post-stroke patients with humero-scapular subluxation.
Patients were controlled using a battery of tests and scales for motor deficiency, functional grasp, pain and goniometry of shoulder

joint.

We effectuate clinical approbation of complex NR algorithms.

The comparative analysis of results shows significant reduction of pain, improvement of functional capacity (Brunnstrom, Barth-
el); increase of the range of motion of the humero-scapular joint (goniometry).

AHHOTALTHA

Ilestb HACTOAIIETO COOOIIEHNS: SIB/ISIETCS OLleHKA 3P PEeKTUBHOCTU HellpOopeabiINTaluy y Mal[MeHTOB II0C/Ie MO3TOBOTO MH-

CynbTa C TEMUITIAPETUIECKMIM IIJIEIOM.

Mber Hab/rofay 118 MOCT-MHCYIBTHBIX MAIMEHTOB C XyMepO-CKAIY/IIPHOI CyOIyKcalyeit.
[TanmeHTHI 6B KOHTPOIMPOBAHbI IPY IOMOIIM TECTOB ¥ CKaJl MOTOPHOTO fieduinra, QPyHKIMOHATLHOTO XBaTa, 00N 1 To-

HMOMETPpUM IIJIEYEBOTO CyCTaBa.

MBI OCyILIeCTBIIN KITMHIYECKYIO alIPO6ALINI0 KOMIUIEKCHBIX HEIIPO-PeabiINTALIOHHBIX a/ITOPUTMOB.
CpaBHUTeNIbHBIN aHA/IN3 Pe3y/IbTATOB YKa3a/l 3HAYUTEIbHYIO PeIYKIMIO 60/, YIydlleHre GyHKIMOHAIbHOI IIPOM3BOIUTENb-
Hoctu (Brunnstrom, Barthel); yBennuenne o6éma ABIKEHMIT TyMepPOCKAITY/LIPHOTO CycTaBa (TOHMOMETPU).

Keywords: Shoulder joint, hemiparetic shoulder, hemiparesis, neurological rehabilitation, cryotherapy, physiotherapy, magnetic

field, interferential currents, electrostimulation

Kniouegvie cnosa: T1nedeBoit cycras, MHCY/IBT, TeMUIIAPE3, HEMPOIOTMYECKas PeabuInNTaIsL, A/ITOPUTM, KPHOTepans, KIuHe-
3WTepanuA, MarHUTHOE II07Ie, MHTeppepeHTHbIE TOKN, SMeKTPUYecKas CTUMYIALUA

INTRODUCTION

Persistent shoulder pain is a frequent phenomenon in stroke
survivors with hemiparesis [4, 11, 12]. According some authors it
occurs in 80-85 % of patients with spastic hemiplegia [1, 4, 8, 12].

A lot of etiologic factors are discussed, but without an
established cause-and-effect relationship:  gleno-humeral
subluxation, contractures, complex regional pain syndrome
(CRPS), rotator cuff injury, and spastic muscle imbalance of the
shoulder [1, 5, 8,9, 11,.12, 14].

Adequate shoulder function is a pre-requisite for functional
recovery of the hand function (the grasp), and for autonomy in
every-day life [1, 2].

Contemporaneous rehabilitation protocols for these patients
are principally oriented to kinesiotherapy or physiotherapy [4, 5,
9,10, 13]. But some Physical and Rehabilitation Medicine (PRM)
schools (Bulgarian, Russian, etc.) traditionally apply a complex
rehabilitation program with combination of different physical
modalities, not only movement therapy [1, 2].

Reorganization of the human motor cortex can be induced
by specific patterns of peripheral afferent stimulation [7]. The
complex neurorehabilitation stimulates the neuroplasticity
and the reorganization of the motor cortex, and enhances the
functional recovery and the autonomy of patients with post-
stroke hemiparesis [6].
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GOAL

The objective of the current article is to evaluate qualitatively
and quantitatively the efficiency of application of different
PRM modalities and neurorehabilitation (NR) methods on
independence in activities of daily living (ADL) in patients
with post-stroke hemiparesis and hemiparetic shoulder; with
estimation of the impact of different elements of the rehabilitation
protocol: active kinesiotherapy (proprioceptive neuromuscular
facilitation /PNF/ techniques. range of motion and strengthening
exercises), cryotherapy (ice massage), occupational therapy,
and pre-formed physical modalities (electrostimulations,
phonophoresis, magnetic field).

DESIGN OF THE STUDY (MATERIAL AND METHIODS)

The current controlled prospective randomized investigation
was carried out during the period 2004-2016 on a total of 118
post stroke inpatients with hemiparetic shoulder, divided into 6
groups, treated in Physical and Rehabilitation Medicine (PRM)
departments & clinics in Sofia and Pleven:

All patients were transferred from a Clinic of Neurology, with
aneurological examination and diagnostic. The clinical diagnosis
of our patients was post stroke hemiparesis with humero-
scapular subluxation, proved clinically and radiologically.
Our intervention began during the first three months after the
patient leaves from the Neurological Clinic / Department (1 to
3 months). The drug therapy wasn’t changed minimum 3 weeks
before and during the neurorehabilitation.

Patients were controlled before, during and at the end of
the PRM course and one month after its end - using a battery
of methods: tests and scales for motor deficiency, balance and
coordination; tests of spasticity, functional grip of the upper
limb, gait and independent motion; goniometry of shoulder
joint; complex functional scales for autonomy and capacity for
activities (self service, family life, social); scales for depression;
evaluation of the intensity of pain /visual analogue scale VAS
0-20/; goniometrical testing of the range of motion of the
humero-scapular joint.

We effectuate clinical approbation of complex NR algorithms.
In each group we applied a different PRM programme, composed
of synergic combination of natural and pre-formed physical
modalities (of electrotherapy, cryotherapy, kinesitherapy,
occupational therapy).

All patients received a complex PRM program consisting of
approximately three weeks (20 days).

All patients were investigated according to an examination
Protocol - before (B.Th.), during (Day 8 and Day 15) and after
(A.Th.) therapy (Day 20), and one month after the end of the
rehabilitation (1 month later).

Our investigation was conducted with consideration for
the protection of the patient, as outlined in the Declaration of
Helsinki, and was approved by the appropriate institutional
review boards and ethic commissions. All patients gave written
informed consent before undergoing any examination or study
procedure.

The distribution of patients by group was casual (patient /p/
Ne 1 for group /gr/ Ne 1, p Ne 2 — for gr 2, p Ne 3 for gr 3, etc.).

All patients had spastic hemiparesis, consequence of a
supra-tentorial cerebral stroke (54 of them with intracerebral
hemorrhage, 64 — with cerebral infarctus); mean age of patients -
56 years (SD 16,8), in a period of 3 to 18 months after the stroke;
evaluation of the motor functions — levels IIT and IV according
the scale of Sarah Brunnstrom; evaluation of the functional
capacity 15/ 20 points of the scale of Barthel; with clinically and

radiologically proved diagnosis gleno-humeral subluxation of
the paretic upper limb (right — in 69 patients and left - in 49
patients).

Functional assessment methods

The evaluation protocol consists of history of the disease
and its complications, neuro-imagery and neuro-functional
investigations, clinical patterns, and functional assessment -
before, during and after the rehabilitation [1, 2, 3].

For the functional evaluation we used some typical tests
and scales, e.g. evaluation of the central hemiparesis and of the
spasticity (0-3); visual analogue scale of pain /VAS 0-20/; scales
of Brunnstrom, Barthel, E. Michels; range of motion (ROM) of
the shoulder joint (goniometry); evaluation of the functional
grasp and of autonomy in daily activities; psychological battery.

Treatment methods

The rehabilitation program was focused on following tasks:
functional recovery, restoration of the knee kinetic and kinematic;
reduction of pain and oedema; gait training; prevention of
complications due to reduced mobility (e.g. myo-hypotrophy).

Patients were randomized into six treatment groups (20
patients per group, exception - the first group with 18 patients).

The complex NR (20 days) includes: position treatment
(slings); proprioceptive neuro-muscular facilitation (PNF)
techniques, analytic exercises; soft tissue techniques (and
massages); cryotherapy (ice-massage).

Patients of the first group (gr 1) received only this PRM
treatment, in group 2 we applied too occupational therapy; and
in groups 3-6 a preformed physical modality was added:

- gr 3 - low frequency low intensity magnetic field [204
Oe, 10 minutes, 15 procedures],

- gr 4 - interferential currents [first 3 procedures - 100 Hz,
from the forth procedure - 90-100 Hz, 10 min., 15 procedures],

- gr 5 — ultra-phonophoresis with non-steroidal anti-
inflammatory drug [0,4-0,8 W/cm2, 5-10 min., 10 procedures],

- gr 6 - electrostimulations of musculus deltoideus
[low frequency electric currents, tetanic pulses, 10-15 min., 15
procedures].

Statistical methods

Statistical analysis was performed with SPSS electronic
package, version 17. We applied options for two samples
comparison with parametrical analysis of variances ANOVA and
non-parametrical distribution and correlation analysis: t-test
(t-criterium, p value), Signed test, Signed rank test, Kolmogorov
- Smirnov test, Mann - Whitney (Wilcoxon) W test (W memu-
aHa).

The treatment difference was considered to be statistically
significant if the p value was < 0.05. In some cases we received
lower results of the p-value (p<0.01 and even p<0.001).

RESULTS AND ANALYSIS

The detailed qualitative and quantitative evaluation proved
the efficacy of application of different PRM programmes — on
different types and levels of motor and functional deficiency of
patients with post-stroke hemiparesis and hemiparetic shoulder.

Concretely, the comparative analysis of results shows a
significant reduction of pain, improvement of functional capacity
(Brunnstrom, Barthel); increase of the range of motion of the
humero-scapular joint (goniometry).

Pain relief

The comparative analysis of the results shows a significant
improvement of the symptoms of the patients, concerning pain
relief (visualized by the analysis of results of Visual analogue scale
VAS 0-20, fig.1). The clinical investigation and pain evaluation



6 SCIENTIA. XUMUA. BUOJIOTNA. MEONUWHA # 4 (4), 2016 | MEAULWMHA N 3[PABOOXPAHEHUE

marks a reduction of pain in all patients, but the comparative
analysis between treatment groups demonstrates an important
statistical significance for groups 3 to 6 and specially for group

3 (p<0.01). We obtain visualization of the efficiency of magnetic
field).

VAS 0-20
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Fig.1. Efficacy on the pain (Visual Analogue Scale (0-20)

The median values for pain are: before NR - 15,83 (SD 0,75);
after neurorehabilitation - 10,5 (SD 1,87).

Statistically significant pain reduction was observed in groups
2 - 6 (t-criterion 6,47; p=0,00007 so p < 0.05, even p << 0.01),
the effectiveness is very important in the group 3 (low frequency
magnetic field).

Goniometry of the gleno-humeral joint

Goniometric results for the shoulder movements are
presented in figures 2, 3 and 4.

The goniometric evaluation demonstrates a significant
increase of the range of motion in the hemiparetic shoulder
(p<0,05), significant for the ante-flexion, the internal rotation and
the abduction of the shoulder joint, most important concerning
the abduction and the internal rotation, and specially in group
6 (electrostimulations). The increase of the internal rotation is

most significant in group 6 (electro-stimulations), and in group
5 (ultra-sound)

During the analysis of differences in goniometric values of
samples (comparison after NR versus before rehabilitation), we
received a mean value (sample mean) = 54,33; sample median =
57,5.

During the analysis with the t-test we consider that in the case
of the hypothesis Zero the mean value is = 0; in the opposite case
(alternating hypothesis) — the mean value is not zero. During our
analysis we received t=6,70, p=0,0011, and we reject the Zero
hypothesis (p<0,05), respectively the level of significance is over
95 %.

The Zero hypothesis is rejected too in case of analysis with the
Sign test p=0,041 (p<0,05).

If we apply the Signed rank test, we received p value = 0,0360
(p<0,05).
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Grades

Range of Motion of the Shoulder joint - anteflexion
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Fig. 2. Goniometry for the shoulder joint - anteflexion (before and after therapy - B.Th., A.Th.)

Abduction of the shoulder - ROM
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Fig. 3. Goniometry for the shoulder joint — abduction (before and after therapy - B.Th., A.Th.)
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Pronation of the shoulder - ROM
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Fig. 4. Goniometry for the shoulder joint — pronation (before and after therapy — B.Th., A.Th.)

Functional evaluation (functional scales) The application of the t-test shows a value of the t-criterion

The Barthel index (fig.5) demonstrates favorable results -9,8287, and a value of p=0,000185 - very important statistical
(comparison after NR versus before NR). significance [p<0.01].

Comparative evaluation by ANOVA Paired Test determines The comparative analysis Paired Samples of the Signed Rank

a mean value of the difference in the Barthel index after / before ~ Test receives a coefficient Large Sample Test statistic = 2,10235
NR -54,33, standard deviation SD=19,85; t=-6,7; p=0.001, so we and p=0,035, so we have a statistical significance (rejection of the

have statistical significance [p<0.01]. hypothesis Zero at p<0.05).
Barthellindex
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Fig. 5. Functional evaluation (Barthell-index)

During the analysis of the functional evaluation by the test curvature of distribution of patients (Gauss” bell) before NR is
of Brunnstrom (fig.6) we observed a dynamics in statistical moved to the levels of mild alteration after NR.
Wilcoxon medians before / after neurorehabilitation. The
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Brunnstrom' scale
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Fig.6. Functional evaluation (Brunnstrom-test)
DISCUSSION CONCLUSION

The active kinesiotherapy is without discussion the most
important element of the rehabilitation in the domain of
neurology [1, 2, 4, 5]. We consider that in clinical practice it is
important to add some other techniques - oriented to reduction
of pain and spasticity (e.g. cryotherapy and pre-formed physical
modalities), amelioration of range of motion of the shoulder
joint, functional recovery and improvement of autonomy in
activities of daily living (ADL).

We observed the significance of cryokinesitherapy and
occupational therapy on the autonomy in ADL; the importance
of electrostimulations on spasticity and on the range of motion
of hemiparetic shoulder, the effect of magnetic field and
lasertherapy on vegetotrophic disturbances in hemiparetic
limbs, the role of interferential currents on the osteoporosis
of caput humeri, the effect of ultrasound (phonophoresis with
non-steroidal anti-inflammatory drug) on the humero-scapular
periarthritis, etc [1, 2].

The favorable effect of kryokinesitherapy on the orthopedic
dysfunction of humeral joint was discussed by several authors
[4,5,6,7, 10, 13]. Our investigation proved that the occupational
therapy ameliorates the range of motion, and stimulates
neuroplasticity and functional recovery of the paretic upper
extremity.

We can formulate some recommendations
neurorehabilitation algorithms for these patients:

- In cases with intensive pain the low frequency low
intensity magnetic field is indicated.

- In case of humero-scapular periarthritis - the
ultrasound or ultraphonophoresis with a non-steroidal anti-
inflammatory gel is favorable.

- In cases of throphic alterations (osteoporosis of caput
humeri) - interferential currents are very helpful.

- Goniometrical indices (range of motion of the shoulder
joint) are significantly increased by electrostimulations and
occupational therapy.

The on-time neurorehabilitation prevents complications
that occur often in hemiparetic patients with prolonged
immobilization: muscle weakness, spasticity, tendency to develop
muscular and joint contractures, pathological proprioceptive
afferentation, pathological synergies, altered autonomy, and
depression.

and

Our neurorehabilitation programmes influence the cause
of the orthopedic dysfunction of the shoulder joint, and on
its signs and symptoms, including joint dislocation, muscular
hypotrophy, inflammatory response, local osteoporosis, pain,
etc. By our opinion, the most important is the increase of the
joint range of motion and the functional recovery of the patient
with post stroke hemiparesis and hemiparetic shoulder.

We could recommend our complex neurorehabilitation
algorithms. In conclusion, we must underline that the structured
neurorehabilitation algorithms can be individualized in every
case.

Our opinion is that the role of different elements of our
complex neurorehabilitation programmes must be considered
for the assurance of amelioration of the quality of care, and for
improvement of everyday quality of life of patients with post
stroke hemiparesis and hemiparetic shoulder.
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[naBHbIM peaakTop — JIMBaHUOB Apkaaunii IMUTPUEBNY, AOKTOP 3KOHOMUYECKMX HayK, MMHIKOHOMpa3BuTusi PO
MoMoLLHWK peaakTopa — ApTeMbeBa J1t060Bb MaBnoBHa, AOKTOP TEXHMYECKMX HayK, MITYTY, PO

Ecdmmos A.H. — gokTop 6uonormnyeckunx Hayk, Tel'Y, PO
AHaHbeBa M.HO. — [OKTOp OpMANYECKUX HAyK, aaBokaT, PO
Morunes J1.IN. — poktop dumsmnko-maTeMaTnyeckmx Hayk, UIMOU TTY, PO
JNy6aHmH C.A. — AOKTOP NCUXMIOTNYECKMX Hayk, KIMY, PO
Masnosa t0.C. — AOKTOp MeanUUHCKUX Hayk, CTMY, PO
OepxxaBuHa I1.0. — gokTop xummudeckmx Hayk, AO «CAC Azot», PO
YepkawwnH O.4. — gokTop negarormyeckux Hayk, MIry, Po
KyapsiBuesa J1.B. — goktop dunonornyeckux Hayk, UFY, PO
BantowwnH 4.B. — k.ncT.Hayk, NYK «3abaiikanbCkuii KpaeBon kpaeBeayeckuii Myseit umenmn A.K. KysHeuoBa», PO
KuptowkmnHa O.A. — K. dwmnoc. Hayk, ODY, PO
Yapaes A.B. — k. reon. Hayk, CBI'Y, PO
Avwnok M.M. — k. cou. Hayk, CN6rnnce, Po
3BaruvHues A.M. — K. cenbxo3 Hayk, Hapxo3, KasaxcraH
ApyTyHaT K.A. — K. nonuT. Hayk, PAY, ApmeHus
lopwvH J1.J1. — K. reorp. Hayk, Al'Y, P®
PomaHoB P.B. — K. Tex. Hayk, MeH3[TY, PO
OHerunHa T.A. — K. Meq. Hayk, KIT'MY, PO
IlebepeBa B.B. — k. MaT. Hayk, BIUTY, P®
Ocunos IN.K. — K. ncux. Hayk, YacTHbI ncuxonor, PO
Hes3opoB B.A. — K. top. Hayk, YMU(d) ®re0y BO MMy (MAMIU), PO
Banues B.K. — K. xuM. Hayk, OAO «Mpbutckuin xumdapmsasoa», PO
Oy6osa K.P. — k. nea. Hayk, BIA uM. JleHuHa, PO

CTaTbW, NoCTynaolune B peaakLmio, peLEH3NPYIOTCS. 3a J0CTOBEPHOCTb CBEAEHWUM, U3NOXEHHbIX B CTATbAX, OTBET-
CTBEHHOCTb HECYT aBTOpbl. MHEHME peaaKLM MOXET He COBMaaaTb C MHEHMEM aBTOPOB MaTepuanos. Mpu nepeneyart-
Ke CCblJIKa Ha XXypHan obssaTefibHa. MaTepuanbl Ny6/IMKYIOTCS B aBTOPCKOW peaakuuu.
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