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Diagnostic potential for detecting
upper limb arthropathy in ischemic stroke
patients with RRS score of 4-6 points

Lesya V. Chichanovskaya, Olga N. Bakhareva, Denis V. Ganzya, Tatyana V. Menchikova
Tver State Medical University (Tver, Russian Federation)

Abstract

Aim - to identify the features of the formation of upper limb arthropathy in
patients with ischemic stroke with 4-6 points on the rehabilitation routing
scale (RRS) depending on the type of treatment and rehabilitation procedures.
Material and methods. Ninety-eight patients with ischemic stroke were
examined in two periods: Period 1, 13.2+0.8 days and Period 2, 189.2+2.1
days. Ultrasound and X-ray examinations were performed to determine the
nature of damage to the joint complex of the upper limb. The severity of the
neurosomatic status was assessed using the NIHSS, MRS, MMSE, VAS, and
RRS scales.

Results. Post-stroke hemiparesis in the acute period of ischemic stroke was
registered in 86 patients (88%), and upper limb arthropathy in 36 (37%) of the
examined patients. In 12 (32%) patients with ischemic stroke the arthropathy
of the shoulder joint combined with damage to other joints. In the majority

of patients with ischemic stroke with arthropathy, according to the ultrasound
data of the joints, synovitis was detected in 27 (76%), and tendon tendinitis in
17 (47%) that form the structure of the shoulder joint. In dynamics, contracture
of the upper limb was revealed in 12 (26%) of the examined and was combined
with a more pronounced cognitive defect, which required development of
preventive and corrective methods.

Conclusion. It is proposed to introduce into the diagnostic standard of patients
with ischemic stroke with paresis of 0-3 points ultrasound of the affected
joint to identify early markers of arthropathy in order to promptly prevent
contracture of the upper limb.

Keywords: ischemic stroke, arthropathy, contracture, ultrasound examination
of the joint.
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OmnarHocTuyeckme BO3MOXHOCTU BbISIBJIEHUS apTPONaTUm
BepXHEN KOHEYHOCTU Y BONbHbIX UWEMUYECKUM
UHcynbTtoM ¢ LLUPM 4-6 6annos

J1.B. YnvaHosckas, O.H. baxapeBa, 1.B. NaH3s, T.B. MeHblunkoBa

@®rbOY BO «Teepckoit rocynapCTBEHHbIN MeauuMHCKMIA yHuBepcuTeT» MuHsapasa Poccum
(TBepb, Poccuinckas ®egepaums)

AHHOTaums

Ilens — BHISBUTH 0COOEHHOCTH (pOPMHUPOBAHMS ApTPONIATHH BepXHei Ko-
HEYHOCTH y OOJIbHBIX UIIEMUYEeCKUM HHCYIIBTOM C 4—6 6GayuiamMu Mo IIKaie
peabunuranonHoi MapipyTusanuu (IIIPM) B 3aBHCHMOCTH OT XapakTepa
JIe4e0HO-peabHINTaIOHHBIX MEPOIIPHUSITH.

Marepuan u Meropbl. O6cenoBaHo 98 GONBHBIX HIIIEMUYeCKHUM UHCYIIETOM
B JIBa BpEMEHHBIX TIepruojia: nepBsiil nepuon — 13,2+0,8 1Hs 1 BrOpoii nepu-
on — 189,2+2,1 nua. XapakTep HopaKeHHsl CyCTaBHOTO aIlllapaTa BepXHe KO-
HEYHOCTH OLIeHHBAIIH [IPY IIOMOIIIM YIIETPA3BYKOBOIO ¥ PEHTTEHOJIOTHYeCKOr0
HCCIIefIOBaHusl. BeIpakeHHOCTh HEFPOCOMATHYECKOTO CTaTyca OLeHUBAIIH 110
mkanam NIHSS, MRS, MMSE, BAIII, IIIPM.

Pesynsbrarsl. [locTHHCYIBTHBIE TeMHUTIape3bl B OCTPOM [IEPHOJie UIleMHYe-
CKOTO MHCYJIbTa 3aperiucTprupoBaHsbl y 86 narnyenTtos (88%), mpu 3ToM apTpo-
TIaTHsl BEPXHEH KOHeYHOCTH BBIsIBIIeHA y TpeTu — 36 (37%) 06ciieoBaHHBIX.
V 12 (32%) GONbHBIX UIIEMUYECKUM MHCYJIBTOM apTPOIATHs IJIeYeBOTO
CycTaBa COYEeTasach C MOpPaKeHWeM APYTUX CYyCTaBOB. Y GONBIIMHCTBA

www.innoscience.ru

GOJIbHBIX UIIEMHYECKUM UHCYJIBTOM C apTpomarueii — 27 (76%), cornacHo
nIaHHBIM Y 3 cycTaBOB, BHISIBJIEHO HAJIM4Me CUHOBUTA, Y 17 (47 %) — TeH-
IOVHHUTHL CYXOKHWINH, (POPMHUPYIONIMX KapKac I1JIe4eBOro CyCTaBa, 4To B
JIMHAMVIKe IPOSIBIIOCH OPMHUPOBAaHHEM KOHTPAKTYPhI BepXHel KOHEYHOCTH
y uetBepTH — 12 (26%) 06CIeN0BaHHBIX U COYETANIOCH C GoJiee BhIpasKeHHbIM
KOTHHUTHBHBIM JiepeKTOM, 4TO TpeOyeT pa3paboTKy IPEeBeHTHBHBIX METOMK
MX KOPPEeKIIUH.

BeiBopsl. [IpensioxeHo BHeipeHye B UAarHOCTHYECKU CTaHAApT GOIbHBIX
HIIEMHYeCKUM HUHTCYIIBTOM C mape3oM 0-3 6ayuta Y3U 3auHTEpeCOBaHHOTO
CycTaBa Kak ybequTeIbHOr0 MeTofia MCCIIeIOBaHusI UTsl BBISIBIIEHHST PAaHHUX
MapKepoB apTPOIATHH C LeJIbI0 CBOEBPeMEeHHO#H NPOGIIIAKTHKH KOHTPAKTYPbI
BEepXHel KOHeYHOCTH.

KurroueBble ci10Ba: HIIEMITIECKUN HHCYIIBT, ApTPOIATHs, KOHTPAKTYpa, Yilb-
TPa3BYKOBOE HCC/Ie[IOBaHKE CyCTaBa.

KoHuuKT HHTEpecoB: He 3asBJIEH.
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m INTRODUCTION
According to modern concepts, the clinical notion of
arthropathy includes the presence of the pain syndrome and
restricted articular movement of varied amplitude. Development
of post-stroke arthropathy is regarded as highly important in the
course of formation of contractures of the upper limb, resulting
not only in deteriorating quality of life, but in disablement
regardless of age [1-3]. Therefore, the effort of the medical
community is focused on searching for early diagnostic criteria
of the risk of formation of post-stroke contracture and medical
and rehabilitation technologies of its correction.

Post-stroke pain syndrome may be related to several
underlying factors including local damage of paraarticular
tissue, myogenic pain from the scalene muscles, neuropathic
pain, including complex regional pain syndrome, central
post-stroke pain, or may be stem from spasticity. In order
to measure the intensity of pain, the visual analog scale
(VAS) is used. Instrumental assessment of condition of
peripheral nerves in the course of formation of neuropathis
pain syndrome involved ultrasonic investigation (US) and
electroneuromyography (ENMG). Assessment of tone and
turgor of spasmed muscles is performed using the Ashworth
scale. The measurement of articular movement is performed
by goniometry on the Tardieu scale [4-6].

Combined methods of diagnostics, treatment and
rehabilitation allow not only decrease of the pain syndrome
but also restoration of the motor function of the extremity,
as well as positive prevention of contractures in patients
with ischemic stroke (IS) with early spasticity. To improve
the motor control and restore the sensorimotor function of
extremities, both pharmacological and non-pharmacological
methods are used (injections of botulinum A-toxin in the
subscapular and/or greater pectoral muscle, injections of
glucocorticoids in the shoulder and/or subacromial joint,
block anesthesia of the suprascapular nerve). From the first
day of the patient’s stay in the intensive care unit, positioning
should be performed. Besides, in patients with spastic paresis,
sparing mobilization techniques for shoulder muscles are
recommended, as well as exercising of the upper extremities
including target-oriented movements with lots of repetitions,
massage and acupuncture therapy, use of postural positioning,
kinesio tape, thermal procedures, tapes, braces, and frames
[7-10].

The current organizational mechanisms of routing and
consideration of severity of comorbid pathologies in patients
with IS and 4 to 6 points on the rehabilitation routing scale
(RRS) are far from being perfect. Therefore, at the end of
inpatient care within the department of vascular surgery
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(DVS) only half of examined patients are timely diagnosed
in the most acute period of causes of deep motor disorders,
and successive medical rehabilitation of stages 1 to 3 is
performed. The remaining IS patients face severe disablement
in the early period of recovery [11, 12].

m AIM

To identify the features of the formation of upper limb
arthropathy in patients with ischemic stroke with 4-6 points
on the rehabilitation routing scale depending on the type of
treatment and rehabilitation procedures.

m MATERIAL AND METHODS

A clinical study of the neurosomatic status of 90 IS patients
was performed in two periods. First period: 13.2+0.8 days
(Group 1). Second period: 189.2+2.1 days including dynamic
follow-up of IS patients depending on the presence (Group
1A) or absence (Group 1B) of stage 2 medical rehabilitation
within 1-2 months of the disease. The subjects were IS
patients over 18 of age with RRS score of 4-6 points. The
exclusion criteria were IS patients with RRS score of 1-3
points, with hemorrhagic stroke, oncological and mental
diseases, as well as inflammatory or demyelinating diseases
of the central nervous system (CNS).

Part from the standard neurological examination method,
the following was assessed: neurological deficiency using
the NIHSS scale, muscular strength using the five-point
quantitative muscular strength assessment scale MRC. The
intensity of the pain syndrome was assessed using the VAS,
the degree of loss of self-care capability, using the RRS scale.
The nature of damage to the articular apparatus of the upper
extremity was assessed using ultrasonic and radiological
diagnostics of the joint in question. The level of cognitive
deficiency was assessed using the MMSE scale.

Treatment and rehabilitation procedures included basic
pharmacological treatment (antiplatelet or anticoagulant
drugs, anti-hypertension, lipid lowering and anti-arrhythmic
drugs. etc.) and a complex of device-assisted rehabilitation
and kinesiotherapy within stage two of medical rehabilitation.

The obtained quantitative and qualitative findings of the
examinations were collected in Excel spreadsheets. The data
was then processed using StatSoft STATISTICA 10.0.1011.0
Russian Portable and included identification of average
and sampled shares, assessment of statistical significance
of variance between groups, methods of variation statistics
and correlation analysis. In the description of investigated
groups, the absolute and the relative number of carriers of the
qualitative findings was indicated, n (%), the mean value and

www.innoscience.ru
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the standard deviation (M + SD) in normal distribution of the
quantitative variable, or the median value and the interquartile
interval (Me [Q1; Q3]) in deviation of the distribution from
the normal. The results of statistical analysis were considered
significant in the probability of alpha error below 5% (p <
0.05).

m RESULTS

The assessment of deterioration of self-care capability
showed that among the studied IS patients, the prevailing
RRS score was 4 points: 56 patients (57%, p = 0.004); less
frequent RRS values were 5 points, in 40 patients (41%),
and RRS of 6 points in 2 patients (2%). The severity of
neurological deficit on the NIHSS scale in the acute period
was moderate at 10.9 [10.0; 11.8] points, white the share of
moderate stroke (5—-15 points) was seen in 77 patients (79%),
and severe (>16 points) in 21 patients (21%, p =0.03). A
direct correlation was identified (r=0.77) between the NTHSS
and RRS levels.

The evaluation of the motor function revealed post-stroke
hemipareses of various severity in 86 examined IS patients
(88%).

The study of muscle strength of the upper limb on the
MRC scale showed that the share of patients with plegia was
21 cases (25%); number of cases of 1 point was 14 cases
(16%), cases of 2 points, 13 (15%), cases of 3 points, 20
(23%), and cases of 4 points, 18 (21%). The data is shown
in Fig. 1.

Thus, the share of severe disorders (0-2 points) in 55 cases
(56%) prevailed over the mild motor disorders (3-4 points)
in 43 cases (44%).

The analysis of condition of the musculoskeletal
apparatus showed that during the acute period of IS
arthoropathy of the upper limb was identified in 36 (37%) of
investigated patients. Among them, the visual inspection by
the neurologist identified not only restriction of movement
in all patients, but the pain syndrome of various severity
in the joint under consideration in the prevailing number
of patients (31 (86%)), as well as muscular hypotrophy
of the upper limb and the edema of the joint capsule in
16 (45%) patients. Isolated damage of the shoulder joint
was found in all 36 (100%) patients, and its combination
with arthropathies of other joints (knee, elbow, wrist), in
12 (32%) patients. Left-sided arthropathy of the shoulder
join was registered more frequently, in 21 (22%) cases, than
the right-sided in15 (15%) cases. Its features were more
frequently identified in women, in 22 (61%, p = 0.005)
cases, than in men, in 14 (39%) cases.

In order to specify the nature of the bone defect, X-ray
examination of the joints was performed. In the presence
of clinical manifestations of the shoulder joint arthropathy,
the signs of shoulder periarthritis were found in16 (46%) IS
patients with the RRS score of 4-6 points. At the same time,
according to the data of additional examination, US of the
joint of practically all patients with arthropathy (27 patients
(76%)) revealed synovitis of various severity, and the
tendonitis of the tendons forming the shoulder joint complex
was found in 17 patients (47%). We believe that ultrasonic
examination of the joint in question to be necessary for
patients in the acute phase of IS with paresis of 0-3 points in

www.innoscience.ru
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= 0 points = 1 point mlpoint = 2 points
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Figure 1. The structure of
paresis on the MRS scale.

PucyHok 1. Cmpykmypa
BblpaykeHHOCMU nape3a
no wkane MRS BepxHel
KOHe4yHocmu.

Figure 2. Structure of paresis
severity on the MRS scale in
stroke patients with arthropathy.

PucyHok 2. Cmpykmypa
ms)ecmu napesa no wkane
MRS y 60nbHbIX N €
apmponamuel BepxHell
koHeyHocmu, %.

order to identify early markers of arthropathy and provide
timely prevention of contracture of the upper limb; since
this method provides finer data as compared to the routine
X-ray examination of the joint.

In all 36 IS patients (100%) with arthropathy of the upper
limb, signs of paresis of various severity were identified,
which had a negative relation to the severity of the pain
syndrome of the joint in question on the VAS scale (r =-0.72)
(Fig. 2). The comparison of pain severity on the VAS scale
demonstrated its prevalence in patients with arthropathy: 4.8
+ 0.3 and 2.8 + 0.1, respectively.

Besides, the presence of shoulder joint arthropathy was
related to formation of severe paresis of the upper limbs in
32 cases (89%, p=0.002), predominantly with 0-1 points on
the MRC scale. Such disorders form a determining criterion
of disablement of IS patients.

The analysis of neurological deficiency on the NIHSS scale
registered a credible difference in patients with and without
signs of arthropathy, 14.0 [13.0; 15.0], p = 0.00001 and 9.0
[8.0; 10.0], respectively, which could be accounted for by the
contribution from pyramidal disorders and by the symptom
complex of sensitive disorders. Thus, in the IS patients with
signs of arthropathy it was identified in 19 (53% p= 0.005)
of patients, and in IS patients without signs of arthropathy,
only in 11 (31%) cases. Often this relates to the formation of
a vicious circle of pathological interaction of motor, sensitive
and cognitive disorders and ultimately may lead to decrease
of motivation of patients to recover.

The investigation of the level of intellect and memory
disorders on the MMSE scale in patients with arthropathy
showed that among them, the most severe cognitive defects
were registered at 15.8 [14.7; 17.0] points vs. patients without
signs of artropathy at 20.3 [19.3; 22.1] points, p = 0.01.

The analysis of the structure of the rehabilitation routing
scale showed that the degree of deterioration of self-care
capacity in arthropathy patients was more severe as compared
to the general sampling. Among patients with arthropathy,
the RRS score of 5 points was twice as high (30 (80%, p
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Figure 3. The structure of the routing scale in stroke patients with
upper limb arthropathy, %.

PucyHok 3. Cmpykmypa LUPM y 6onbHbix IV ¢ apmponamuet
BepxHell KoHeyHocmu, %.

=0.005)) vs. general group, and RRS score of 4 points only
in 4 patients (12%, p = 0.04), RRS of 6 points, in 2 patients
(8%). The data is shown in Fig. 3.

The evaluation of the degree of deterioration of self-care
capacity in the IS patients in the course of dynamic follow-
up (Table 1) among patients in the 1A group identified
improvement of the neurosomatic status. This occurs not only
due to prevalence of RRS of 4 points (31(60%, p = 0.004);
the number of patients with RRS of 3 points also increased
to 12 persons (23%). At the same time, among patients of the
1B group there still prevailed patients with RRS of 5 points:
25 persons (53%, p= 0.005).

As expected, follow-up assessment revealed a significant
reduction in NIHSS scores to 6.1 [5.6; 7.0] points (p=0.04)
among patients who received the second-stage comprehensive
rehabilitation within the first 1-2 months after IS. In contrast,
NIHSS scores in the group deprived of second-stage medical
rehabilitation remained significantly higher at 9.0 [8.4;
9.8] points. Analysis of the dynamic severity structure of
neurological deficit using the NIHSS revealed that while in
the acute phase of IS, the main cohort of patients with RRS
scores of 4-6 points consisted of individuals with moderate
impairments (77 (79%, p=0.004)), and no cases of mild stroke
manifestations were identified, the follow-up assessment
showed a more favorable severity distribution. In Group 1A,
patients with mild acute cerebrovascular events appeared
(22 (42%, p=0.05)); consequently, the proportion of patients
with a moderate course of ACVE significantly decreased
(30 (58%, p=0.05)). However, in Group 1B, no significant
dynamic changes were recorded, and patients with moderate

Group 1 Group 1A Group 1B
(n=98) (n=52) (n=46)
3 points 12 (23%) 2 (5%)
4 points 56 (57 %, p= 0.005) 31 (60 %, p= 0.004) 17 (38 %)
5 points 40 (41%) 9 (17 %, p=0.004) 25 (53%, p= 0.005)
6 points 2 (2%) - 2 (4%)

Note. Accuracy of variance between studied groups in dynamic follow-up:
p < 0.05.

Table 1. Dynamic structure of the routing scale in stroke patients,
abs. (%)

Tabnuua 1. JuHamuyeckast cmpykmypa ypoBHsi LLIPM y 6051bHbIx
UMW, abce. (%)
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impairments prevailed (44 (95%, p=0.004)). The data is
presented in Table 2.

The incidence of arthropathy during follow-up was
identified in 28 patients (28%). Among patients in Group 1A,
it was found in only 8 individuals (16%), whereas in Group
1B it was 2.5 times more frequent, occurring in 20 patients
(44%, p=0.04). Contracture of the affected upper limb had
developed in 15 patients (15%). While it was present in only
3 patients (5%) from Group 1A, it was observed in 12 patients
(26%) from Group 1B. This inevitably affected the cognitive
status of the IS patients. Specifically, among patients without
arthropathy, cognitive status showed significant recovery to
25.4[23.4; 26.2] points (p=0.01), whereas among patients with
established contracture, it remained significantly depressed at
19.4 [18.2; 22.1] points.

The identified pattern emphasizes the necessity of
implementing early preventive diagnostic technologies for
detecting and characterizing arthropathy in order to prevent
contractures.

m DISCUSSION

Recent scientific literature focused on evaluating
the relationship between the severity of pyramidal tract
impairments, the degree of limitations in self-care capacity and
the extent of cognitive deficits. This is based on the concept
that barriers to rehabilitation can include cognitive disorders,
‘higher-level’ motor impairments, fall risk, depression, chronic
fatigue, pain syndromes, and comorbidities [13—-16]. Our study
identified a direct correlation between NIHSS and RRS scores
(r=0.77), which supports this assertion.

Furthermore, we established that in patients with severe
limitations in self-care capability, beyond assessing the degree
of motor impairments, attention must be paid to the presence of
upper limb arthropathy, which was recorded in over one-third
(37%) of patients in the ischemic stroke cohort.

Presence of the shoulder joint arthropathy is related to the
formation of deep paresis of the upper limbs (predominantly,
0-1 points on the MRS scale), and to the more manifested
sensitive (19 (53%)) and cognitive disorders (15.8 [14.7;
17.0]), that constitute the prevailing criterion of disablement
of ischemic stroke patients [12].

Analysis of the impact of timely implementation of
treatment and rehabilitation measures for preventing severe
disabling motor impairments in ischemic stroke patients
showed that arthropathy during follow-up was observed in 8
patients (16%) in Group 1A, but 2.5 times more frequently in
Group 1B, in 20 cases (44%, p=0.04). The contracture of the
affected upper limb developed in half of the cases, 15 patients
(15%), which is a marker of severe patient disability. The
identified pattern emphasizes the necessity of implementing

(n=98) (n=52) (n=46)
0-4 points 22 (42%, p = 0.05) 2 (5%)
5-15 points 77 (79%) 30 (58%, p = 0.05) 44 (95%, p = 0.004)
216 points 21 (21%, p = 0.03) - -

Note. Accuracy of variance between studied groups in dynamic follow-up:
p < 0.05.

Table 2. Dynamic structure of NIHSS in stroke patients, abs. (%)
Tabnuua 2. JuHamu4yeckasi cmpykmypa ypoBHst NIHSS y 601bHbix
nn, aébe. (%)
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early preventive diagnostic technologies for detecting and
characterizing arthropathy to prevent contractures.

m CONCLUSION
Development of novel preventive clinical and diagnostic
technologies for identifying early markers of arthropathy

necessitates the timely implementation of a recommended
complex of therapeutic and rehabilitative measures to prevent
contractures. Moreover, the early and active initiation of
rehabilitation itself constitutes a crucial stage in preventing
contractures as a significant factor contributing to disability
in ischemic stroke patients, regardless of age. »=
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