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With advancing age, sarcopenia (the loss of mus-
cular mass) becomes one of the processes accompa-
nying it. Sarcopenia is divided into the primary (there 
are no other reasons of muscular mass decrease) 
and secondary due to the loss of muscular mass as a 
result of any disease [20]. The incidence of primary 
sarcopenia fluctuates from 5% to 13% among per-
sons at the age of 60-70 years [4]. The decrease of 
muscular mass is not an isolated process because it 
goes simultaneously with accumulation of fatty mass 
[23, 34]. There is a tendency to a higher frequency of 
fatty infiltration occurrence in satellite cells in sarco-
penia the consequence of which is the occurrence of 
fatty muscles infiltration [32].

Currently, more and more attention is given to 
disorders of skeletal and respiratory muscles (among 
other extrapulmonary complications) in chronic ob-
structive pulmonary disease (COPD), which is charac-
terized by their progressing atrophy (with the loss of 
muscular strength and mass) as well as subsequent 
formation of physical exercise intolerance and chron-
ic respiratory insufficiency [3, 10, 19]. The latter 
depends not only on the degree of severity of pul-
monary pathology [21, 31] but also on extrapulmo-
nary disorders [18, 30]. The decrease of respiratory 
muscles (RM) strength by 15-30% in 20-50% of COPD 
patients (depending on the severity of the disease 
and kind of RM) was detected [6]. A loss of muscle 
strength is predominantly the result of RM atrophy 
and not loss their contractile properties [11]. Be-
sides, it is believed [33] that the function of intercos-
tals and sternocleidomastoid muscles are at less of a 
disadvantage than the diaphragm in the presence of 
severe lung hyperinflation. Insufficient RM inspirato-
ry activity leads to hypoventilation occurrence while 
weakness of expiratory RM favors the development 

of dynamic hyperinflation which increases during 
exercise [2, 24, 28]. The increase of RM fatigability 
and their atrophy are connected (in a complex man-
ner) with occurrence of breathlessness on exertion 
as well as the exercise limitation.

It was shown [5, 8], that the long presence of 
bronchial obstruction (which increases the work and 
oxygen demand of breathing) in COPD leads to RM 
overburden and reduction of their ability to gener-
ate the maximum respiratory effort. RM answer by 
their hypertrophy in response to increased RM func-
tional load even in initial COPD stages [8]. Then (dur-
ing the progress of COPD), RM strength decreases on 
the background of atrophic changes increase. The 
atrophy of muscles is reversible but only partially in 
COPD patients [6].

The insidious development of flow limitation and 
hyperinflation over many years in COPD allows for 
several structural adaptive mechanisms of muscles 
to chronic mechanical loading come into play to 
preserve the functional strength of overburdened 
RM [13, 15, 27, 35]. They include the reduction in 
sarcomers length and increase in the relative propor-
tion of fatigue resistant type fibers as well as mito-
chondrial concentration (which improves oxidative 
capacity). The presence of differences in morpho-
logical changes occurring during the damage of the 
myofibrils was detected in COPD [29]. Thus one of 
the most common forms of muscular dystrophy is 
the formation of contractures when myofilaments 
become deregulated and displaced whereas myofi-
brils lose cross-section striation [16]. The reduction 
of capillaries quantity in unit of the area in muscular 
tissue in COPD patients was revealed as well [14].

The frequent decrease of body weight in COPD pa-
tients is observed with years first of all at the muscles 
expense while its increase occurs due to accumula-
tion of fatty mass. Fatty muscles infiltration leads to © A. Makarevich, S. Lemiasheuskaya, A. Pochtavcev, A. Lemiasheuski,
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their decreased strength and inadequate functioning. 
Indeed, arising hypodynamia, in turn, stimulates the 
growth of sarcopenia. One more mechanism of the 
muscular mass decrease is the imbalance (to the side 
of catabolism) between synthesis and protein degra-
dation. It is caused by the depression of a humoral 
factors formation which stimulate the protein syn-
thesis with a simultaneous expression of subclinical 
inflammation factors (TNF-α, IL-6) and depression of 
the myocytes apoptosis [9, 26].

The role of RM in common muscular status is a 
little isolated because of the necessity to overcome 
the elastic properties of chest. The main thing for 
RM is the peak effort (where type II muscular fibers 
play a bigger role), whereas the endurance and rela-
tive strength have greater importance for the skeletal 
muscles. Basic characteristic of RM is the airflow peak 
speed during expiration, but its relationship with sar-
copenia is not established to a full extend. Inspiratory 
RM in COPD patient should generate more negative 
intrathoracic pressure than normally for adequate al-
veolar ventilation. It is due to the presence of inter-
nal positive pressure at the end of expiration phase as 
well as static and dynamic hyperinflation [2, 24].

The appearance of RM dysfunction in COPD oc-
curs due to the complex action of some factors [1, 
12, 14, 17, 19, 36, 39]: increase of proinflammatory 
mediators (which plays a key role in the pathogenesis 
of these changes); decrease of nutritional status and 
anabolic hormone levels; tissue hypoxia; oxidative 
stress; reduced capillarity and proportion of type II 
fibers; muscle apoptosis; use oral or inhaled corti-
coids in high doses. Besides, RM are involved in this 
pathological process with some delay [29]. Thus, the 
increase of circulating proinflammatory cytokines 
(IL-1, 2, 6; TNF-α, interferon-γ) levels in the blood-
flow leads to the decrease of muscular fibers syn-
thesis. Indeed, TNF-α directly or indirectly promotes 
the development of systemic inflammatory process 
and proteolysis of myosin as well as the increase of 
catecholamins synthesis [38]. Besides, in COPD the 
pathological changes of muscular fibers which are 
combined with the decrease of oxidative enzymes as 
well as transverse section area of muscular fibers are 
formed [25]. These changes of RM decrease the ef-
ficacy of muscles mechanical work.

The ultrasonic method allows direct detection of 
separate structures and early pathological changes in 
RM of COPD patients and their timely correction af-
terwords. Unfortunately, only the area of crosssection 
RM and their amplitude of movement are currently 
analyzed by this method [37]. At present the estima-
tion of morphometric changes in RM are sparse [7]. 
The relationship between these RM changes and 
other pathological processes occurring in COPD has 
not been studied in detail yet. Usually biopsy of RM 
(with the subsequent morphological and histochemi-
cal analysis) is used only for scientific aims. All this em-
phasizes the importance of developing new noninva-
sive dynamic assessment of functional and structural 
pathologic changes of RM in COPD patients.

The aim was to assess the RM status (dystrophic 
changes) by ultrasonic scanner and to compare them 
with the histological data of bioptic muscular mate-
rial in males with different GOLD stages of COPD.

Materials and methods
We undertook a trial at the pulmonologic depart-

ment of the 10-th Minsk City Clinic in 2009-2012 
years. All participants gave a written informed con-
sent. The study protocol was approved by the Human 
Studies Committee on research ethics of the Belaru-
sian State Medical University. The inclusion criteria 
for the study had been established before the trial 
and were strictly followed. This inclusion criterion 
was - males of 50-67 years with different severity of 
COPD having FEV1 increase <15% during bronchodi-
latating test. Exclusion criteria included substantial 
uncontrolled comorbidity.

The following RM were studied: muscles of inspi-
ration - sternocleidomastoid (SCM), scalenus anterior 
(SA), external intercostals (ExI) and muscles of expi-
ration - abdominal internal oblique (AIO), abdominal 
external oblique (AEO), rectus abdominis (RA), trans-
versus abdominis (TA) and internal intercostals (InI). 
We received the following quantitative indices of RM: 
homogeneity (IH – which characterized the degree of 
muscle homogeneity), echogenicity (IE - level of shade 
of the grey scale, most often emerging in the outlined 
zone), structure density (ISD – which allowed quan-
titatively to estimate muscles of different size) and 
standard deviation (SD – one of the parameters which 
characterized the amplitude histogram) by using ultra-
sonic scanner HONDA Electronics HS-2000 (the linear 
counter with 7,5 МHz/50 mm and with a considerable 
quantity equal 256 shades of grey color that defined 
a qualitative level of the histogram) to measure the 
peak of histograms in the B-mode image.

152 COPD patients (aged 51-67 years) with acute 
exacerbation (increased wheezing, dyspnea, spu-
tum volume or sputum purulence 1 week prior to 
admission) of varying severity and control group (34 
healthy persons of comparable age, sex and smoking 
status and body mass index - BMI) were examined.

The special emphasis was placed on the history 
of chronic, progressive symptoms such as dyspnea, 
cough and wheezing as well as smoking. Most of 
these patients were current smokers or ex-smokers 
(stopped smoking at least 12 months before evalu-
ation) and some of them were nonsmokers. The di-
agnosis of COPD and its severity was based on the 
GOLD guidelines. Expressiveness of dyspnea in these 
COPD patients was defined according to the modi-
fied questionnaire MRC [22].

These patients were divided into three consecu-
tive groups according to COPD severity which re-
flected the evolution of disease (Table 1). The first 
group (COPD1) consisted of 42 patients with mild 
COPD (median age and duration of disease - 55 and 
4 years respectively; FEV1 – 83%; BMI – 27 kg/m2; cur-
rent smokers – 79%). The second, moderate group 
(COPD2) was formed by 80 patients (median age and 
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duration of disease 57 and 10 years respectively; 
FEV1 – 55%; BMI – 30 kg/m2; current smokers – 78%). 
The third, severe group (COPD3) was formed by 30 
patients (median age and duration of disease 60 and 
13 years respectively; FEV1 – 33%; BMI – 25 kg/m2; 
current smokers – 86%).

As seen from Table 1, the control group accord-
ing to the median age, percent of patients under 60 
years, BMI and intensity of smoking did not differ 
from COPD1 patients. Compared with normal sub-
jects, COPD1 patients had only decreased ventilation 
parameters. Thus, COPD3 patients had significantly 
higher median age, disease duration, MRC index 
breathlessness and number of present smokers as 
compared with the control group as well as COPD1,2 
patients, while BMI was significantly lower than in 
COPD2. As shown in Table 1, the significant increase 
in the number of exacerbations (which are the im-
portant component of clinical evolution of disease) 
over the past year was found in severe COPD as com-
pared with mild to moderate COPD.

We detected progressing decrease of ventilation 
parameters during COPD evolution (COPD1→COPD3): 
FVC from 86% to 38% respectively, FEV1 from 80% 
to 33% and blood oxygen saturation from 97% to 

93% respectively. These patients were treated with a 
combination of inhaled long active anticholinergic or 
β2-agonists, inhaled steroids and antibiotics (if there 
was the clinical evidence of exacerbation types 1 or 2 
according to the criteria of Anthoninsen).

Additionally we did morphological research of 
biopsy material of AIO in 25 stable COPD1,2 patients 
(Table 2) which was received during herniotomy (in-
guinal) for estimation of the accuracy of proposed ul-
trasonic method in the diagnostics of RM dystrophic 
changes. The histological method of hematoxylin-eo-
sin staining and the latter by Van Gieson were used. 
We quantitatively estimated the following morpho-
logical signs in RM: atrophic and sclerotic changes, 
myolysis, fragmentations and contractures of myofi-
brils, the presence of granules in sarcoplasm, prolif-
eration of perimysium cells and fibroblasts as well as 
growth of fatty tissue into the muscular tissue.

Statistical analysis was performed using the pro-
gram software Microsoft Office Excel 2010 and the 
package of applied programs of Statistic 6.1 (USA). 
The preliminary analysis of the considered variables 
(for the correspondence to the normal distribution) 
was made according to the criteria of Shapiro-Wilk.
The results of analysis were shown as median and in 

Parameters Control (n=15) COPD1 (n=42) COPD2 (n=80) COPD3 (n=30)
Median age (years):
<60/>60 years (%)

56 (54; 59)
73/27

55 (51; 59)
79/21

57 (53; 60)*
66/34

60 (55; 67)*,**,***
50/50

Body mass index (kg/m2) 26,0 (23,5; 30) 27,0 (24; 30) 29,7 * (24,8; 33) 25,1 *** (20,8; 32,1)

Present smokers (%) 60 79 78 86*

Smoking history (index pack-years) 17 (10; 30) 20 (10; 30) 20 (10; 30) 28 (15; 40)

Median dura  on of COPD (years) - 4 (2; 6) 10 (4; 14) 13**,*** (8; 19)

Number exacerba  on for the last year - 1 (0,1; 2) 2 (1; 3) 3**,*** (2; 4)

MRC index dyspnoea (score) 0 0 (0; 1) 2 (1; 3) 3**,*** (2; 3)

FVC (% pred.) 102 (98; 112) 86 (75; 90)* 55 (48; 66)*,** 38 (28; 46)*,**,***
FEV1 (% pred) 88 (77; 94) 80 (75; 87)* 55 (50; 64)*,** 33 (22; 40)*,**,***
FEV1/FVC (%) 98 (89; 104) 70 (66; 71)* 67 (57; 70)* 51 (39; 57)*,**,***
psO2 (%) 97 (96; 97) 97 (96; 97) 96 (95; 98) 93 (90; 95)*,**,***

C-reac  ve protein (mg/dl) 0,4 (0,1; 2,0) 0,6 (0,1; 2,8) 3,3 *,** (1; 5,6) 2,9 *,** (0,9; 5,4)

Cor  coids (%): inhaled/oral;
with inhaled long ac  ve an  cholinergic - - 35/2

20
43/13***

7
Inhaled long ac  ve в2-agonists with 
inhaled cor  coids (%): - - 1 17***

Parameters Control (n=11) COPD1 (n=12) COPD2 (n=13) Kruskel-Wallis ANOvA, р
Age, years 55 (48; 60) 56 (51; 60) 57 (56; 59) >0,05

BMI, kg/m2 24 (23; 28) 24 (22; 26) 24 (24; 26) >0,05
FEV1, % 94 (85; 98) 79 (75; 87) 54 (49; 64) <0,05*

Present smokers, % 58 68 80 <0,05*
Index “packs/years” 12 (4; 20) 14 (5; 20) 29 (22; 40) <0,05*

Table 1. Baseline characteristics of patients [Me (25, 75)]

*- p<0,05 vs the control; ** - p<0,05 vs COPD1; *** - p<0,05 vs COPD2

Table 2. Clinical characteristics of COPD patients who underwent morphologic research [Me (25; 75)]

*- p<0,05 - signifi cant diff erence between these groups
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terquartile range (25-75%) for the parameters which 
do not obey the normal dispersion. The comparison 
of the non-parametric parameters in the two inde-
pendent groups was carried out according to the 
criterion Mann-Whitney, while in three or more in-
dependent groups it was performed with the aid of 
Kruskel-Wallis rank dispersive analysis. The χ2 meth-
od Fisher’s was used for detection of the significant 
difference between independent groups according 
to the frequency characteristic of the investigated 
sign. The Spearmen correlation coefficient (rs) was 
used to describe the relationship between the two 
quantitate variables which differed from the normal 
dispersion. All P values were two tailed. The signifi-
cance level was set at p<0,05.

Results
The ultrasonic images of RM in the control and in 

all patients groups were significantly different. Thus, 
the tissue of the RM was represented by poor echo-
genic and homogenic structure in the control group. 
The peak histogram of abdominal external and inter-
nal oblique muscles showed that more often detected 
echogenicity was revealed in the initial part of the grey 
color scale (Fig. 1). Additionally, the small SD (i.e. a 
wider spectrum of grey color gradation was involved) 
value and the narrow basis of this graph denoted the 
uniformity of this muscular tissue (i.e. more narrow 
spectrum of grey color gradation was involved).

We detected various ultrasonic images denoting 
the increase of echogenicity and heterogeneity in 
muscular tissue of COPD1,2,3 patients. The increase of 

21%; p<0,05) which almost reach the control value. 
Dynamics of these indices of SA was similar to SCM, 
but was less pronounced during COPD progression. IH 
of ExI was decreased significantly in COPD2,3 (by 13% 
and 15% vs the control), while IE of ExI was increased 
in COPD2,3 (by 29% and 21% vs the control). ISD of 
ExI did not significantly differ from the control value. 
These phased changes of echogenicity index during 
developing COPD are quite well evident in Fig. 3.

The changes of echodensitometric parameters 
of expiration RM were similar to RM of inspiration. 
So, IH and ISD of AIO were decreased significantly in 
COPD2 (both by 7% vs the control) and in COPD3 (by 
7% and 5%), while IE was increased in COPD2,3 (by 
14% and 10% vs the control). IH and IE of AEO did not 
differ from the control in COPD1,2,3, although ISD was 
decreased only in COPD2 (by 10% vs the control). IH 
and ISD of RA were also decreased in COPD2 (by 18% 
and 20%) and COPD3 (by 20% and 13% vs the con-
trol) while IE was increased significantly in COPD2,3 
(by 31% and 42%). The dynamics of SDI changes in 
RM noticeably differed from the dynamics of IE dur-
ing COPD progression (Fig. 4).

Additionally we studied the relationship between 
the patient’s physical activity (according to severity 
of breathlessness) and introduced echodensitomet-
ric parameters of RM. All the patients were divided 
into four subgroups according to the degree of dys-
pnea expressiveness (scale MRC). In these subgroups 
significant differences according to IH for AEO; ExI; 
InI; SCM; SA and RA were revealed. The changes of 
IE were expressed to a greater extent as compared 

the basis of the peak histogram and 
value as well as the changes of ISD, 
IE, IH were observed. Thus, in Fig. 
2 you can see the typical amplitude 
histogram of abdominal oblique 
muscles in mild to moderate COPD 
patients.

We determined that the chang-
es of ISD, IE, IH in RM of inspiration 
varied in a complex way (Table 3; 
Fig. 3, 4) during COPD progression. 
Thus, the significant increase of IH, 
ISD against the background of IE de-
crease was revealed. So, ISD of SCM 
was increased significantly in COPD1 
(by 9% vs the control) while it was 
decreased in COPD2 (by 14% vs the 
control). IE was decreased in COPD1 
and increased in COPD2 (both by 18% 
vs the control). Vice versa IH of SCM 
increased in COPD1 (by 6% vs the con-
trol) and decreased in  COPD2 (by 13% 
vs the control).

We observed the increase of IH 
of SCM in COPD3 (by 8% vs COPD2; 
p<0,05), but this parameter still re-
mained below the control. A simi-
lar picture was detected in ISD in 
COPD3: increased ISD vs COPD2 (by 
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with IH in these COPD subgroups. 
Thus, a significant difference between 
the subgroup of MRC0 and subgroups 
of MRC1,2,3 according to IE for all the 
studied RM was revealed (Table 4).

Morphological research of RM in 
COPD1,2 patients gave the following 
picture (Table 5). Thus, structural ab-
normalities - atrophic changes were 
found in 25% of COPD1 patients as 
compared with 69% of COPD2 patients 
and in 45% of persons from the control 
group (χ2=4,91; р=0,085). Additionally 
in COPD2 the share of patients with 
atrophic changes in muscular tissue as 
compared with COPD1 (69% and 25% 
respectively) was increased (χ2=4,89; 
р=0,047). It is necessary to note, that 
this morphological sign was not specif-
ic for COPD patients because it was of-
ten detected in the control group, too.

As seen in Tab. 5, the presence of 
myolysis in RM (Fig. 5A) was observed 
both in COPD1,2 (in 92% of these pa-
tients), but only in 9% persons from 
the control group which was less 
(χ2=23,6; р=0,00001). In some cases in 
these COPD patients we detected the 
presence of myolysis zones in which 
proliferation of perimysium cells ar-
ranged into the continuous series was 
apparent. Additionally, the presence 
of granules in sarcoplasm (as the sign 
of severe dystrophic changes) was 
revealed. We also observed deeply 
dystrophic albuminous granules of 
various sizes among relatively undam-
aged muscular fibers. The fragmenta 

tion of myofibrils was present in all observed groups 
too: 82% in the control, 83% and 85% in COPD1 and 
COPD2 (χ

2=0,01; р=0,99).
We did not detect the difference between the 

control and COPD1,2 groups according to the pres-
ence of perimysium cells proliferation (36%, 67%, 
72% respectively; χ2=2,43; p=0,29) as well as be-
tween COPD1,2 groups (Fig. 5B). A round-cell infil-
trates around microcirculation vessels, perivascular 
and in intermuscular fatty tissue along the myofibrils 
but without difference between the control group 
and COPD1,2 patients (χ2=6,08; р=0,06) were re-
vealed. We observed instill of lymphocytes in sepa-
rate fibers with fusion of sarcolemma and bordering 
sarcoplasm in COPD1,2 patients but without differ-
ences between these groups (χ2=0,99; p=0,43). We 
did not detect proliferation of fibroblasts in the con-
trol group, but it was observed in 25% and 69% of 
COPD1 and COPD2 patients respectively. There were 
differences between the control and these groups 
(χ2=13,4; р=0,0012) as well as among COPD1 and 
COPD2 (χ

2=4,89; р=0,047). Intergrowth of fatty tissue 
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into the muscular tissue (Fig. 6A) was observed in 
25% of COPD1 patients and in 69% of COPD2 patients 
as well as in 36% of persons from the control group. 
It shows a nonspecific character of these changes al-
though there was a difference between COPD groups 
and the control (χ2=12,3; р=0,002) as well as among 
COPD1 and COPD2 (χ2=11,54; р=0,0012). We deter-
mined a marked focal growth of fatty tissue between 
muscular fibers and among the damaged muscular 
fibers (under consideration as a sign of «a false hy-
pertrophy» of muscular tissue).

Sclerotic changes of muscular tissue of RM was 
observed in 75% of COPD1 patients and in all COPD2 

patients (Fig. 6B, 7A) while only in 9% of healthy sub-
jects. It also indicates no specificity of these changes, 
although there was a difference among these three 
groups (χ2=20,6; р=0,00038) as well as among COPD1 
and COPD2 (χ

2=5,16; р=0,039) at combination of the 
expressed and not significant sclerotic manifestations. 
An expressed interstitial sclerosis which extended to 
places on the damaged muscular fibers was revealed.

Contractures of myofibrils (Fig. 7B) were observed 
in 67% and 85% of COPD1 and COPD2 patients respec-
tively, while these changes were not revealed in the 
control. There was a significant difference between 
these COPD groups and the control, although such dif-

Parameters Control (n=43) COPD1 (n=42) COPD2 (n=80) COPD3 (n=30)
RM of inspira  on: Sternocleidomastoid

IH 41 (30,8; 45,9) 43,4* (38,1; 52,1) 35,7*,** (27,6; 43,4) 38,5** (33; 41,9)
IE 1,7 (1,4; 2,1) 1,4* (1,0; 1,7) 2,0** (1,3; 2,8) 1,8** (1,4; 2,3)

ISD 1965 (1620; 2183) 2133* (1794; 2638) 1688*, ** (1327; 2204) 1823** (1613; 2058)
External intercostals

IH 24,5 (21,2; 25,1) 23,4 (19,6; 29,1) 21,4*,** (18,8; 24,2) 20,8*,** (16,7; 23,6)
IE 3,8 (3,1; 4,8) 3,9 (3,0; 5,1) 4,9*,** (4,0; 5,6) 4,8*,** (3,4; 5,3)

ISD 1100 (980; 1221) 1120 (940; 1380) 986 (780; 1120) 1020 (816; 1290)
Scalenus anterior

IH 37,9 (27,8; 45) 38,8 (34,5; 46,6) 33,4*,** (27,2; 40,9) 37,4 (25,4; 45)
IE 1,7 (1,3; 2,5) 1,6 (1,2; 1,9) 2,1*,** (1,4; 3,0) 2,0*** (1,2; 2,9)

ISD 1490 (1175; 1975) 1637 (1280; 2180) 1497 (1105; 2065) 1470 (1190; 1770)
RM of expira  on: Abdominal external oblique

IH 19,1 (16,1; 28,6) 22,9 (18,8; 27,9) 18,0 (15,7; 20,4) 19,2 (16,7; 22,3)
IE 4,5 (2,6; 5,4) 3,8 (2,5; 4,2) 4,7 (4,1; 5,9) 4,4 (3,7; 5,3)

ISD 958 (805; 1331) 1139 (901; 1400) 860*,** (722; 976) 936 (821; 1032)
Rectus abdominis

IH 19,6 (15,6; 25,1) 18,4 (14,8 26,8) 16,1*,** (13,6; 19,0) 15,7*,** (14,5; 17,9)
IE 3,8 (2,9; 4,8) 4,4 (2,6; 5,2) 5,0*,** (4,0; 6,3) 5,4*,** (4,3; 5,9)

ISD 981 (778; 1221) 890 (761; 1180) 787*,** (669; 917) 792*,** (716; 897)
Internal intercostals

IH 30,1 (23; 31) 27,8 (23,7; 30,9) 24,4*,** (20,5; 29,4) 24,5*,** (20,4; 27,3)
IE 3,3 (2,5; 4,5) 3,5 (2,8; 4,6) 4,4*,** (3,7; 5,4) 4,3*,** (3,3; 5,8)

ISD 1262 (1015; 1403) 1267 (930; 1555) 1000*,** (770; 1310) 1095 (910; 1380)
Abdominal internal oblique

IH 20,9(18,2; 27,5) 20,9 (18,3; 23,3) 19,3*,** (17,4; 22) 19,3*,** (17,3; 22,7)
IE 4,2 (3,0; 5,4) 3,7 (3,4; 4,7) 4,8*,** (4,1; 5,8) 4,6** (3,7; 5,5)

ISD 1013 (893; 1325) 1012 (872; 1195) 941*,** (836; 1085) 972 (826; 1171)
Transversus abdominis

IH 29,5 (26,5; 36,4) 26,7 (22,3; 33,3) 24,0*,** (18,9; 27,6) 25,1* (20,8; 29,6)
IE 3,0 (2,5;3,7) 3,3 (2,6;4,2) 4,3*,** (3,4;5,2) 4,3*,** (3,5;4,7)

ISD 1350 (1163;1695) 1263 (1015;1660) 1170* (937;1335) 1179* (1013;1395)

Table 3. Echodensitometric parameters of respiratory muscles [Me (25; 75)]

*- p<0,05 vs the control; ** - p<0,05 vs COPD1; *** - p<0,05 vs COPD2

Таble 4. The comparison of echogenicity index values in RM with the severity of dyspnea [Me (25; 75)]

RM MRC0 (n=26) MRC1 (n=20) MRC2 (n=83) MRC3 (n=24)
AEO 3,0 (2,1; 3,5) 4,3* (3,0; 5,3) 4,7*,**  (4,1; 5,6) 4,3*, �

 
(3,6; 5,6)

AIO 3,5 (3,3; 4,5) 4,2 (3,6; 5,2) 4,8*,** (4,1; 5,8) 4,8*,** (3,6; 5,5)
TA 3,2 (2,4; 3,7) 3,7 (2,7; 4,7) 4,3* (3,4; 5,1) 4,1* (3,4; 4,7)
ExI 3,8 (2,9; 5,2) 4,2 (3,5;5,2) 4,8* (3,8;5,5) 4,6* (4,0; 5,6)
InI 3,4 (2,4;4,0) 3,9* (3,1; 5,5) 4,4* (3,6; 5,3) 4,2* (3,4; 5,9)

SCM 1,4 (0,9;1,7) 1,5 (1,2;2,5) 1,9* (1,3;2,6) 2,0* (1,6;2,3)
SA 1,4 (1,1; 1,8) 1,9* (1,7; 3,0) 1,9* (1,3; 2,8) 2,3* (1,4; 3,2)
RA 3,4 (2,5; 5,1) 5,1* (4,5; 5,6) 5,3* (4,0; 6,5) 4,9* (4,2; 5,7)

* - р<0,05 vs МRС0; **- р<0,05 vs МRС1; ***- p<0,05 vs МRС2; �- р<0,05 vs МRС3
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ference was not detected among these COPD groups 
(χ2=1,1; р=0,37). The combina  on of the presence of 
inters   al sclerosis around a separate muscular fi bers 
and fascicle as well as of contractures foci was revealed.

The structural changes of accessory RM (which 
were revealed by ultrasonic densitometry) consisted 
of echogenicity phased changes (the cause of which 
may be mul  factorial). The rela  onship between the 
severity of COPD and dystrophic changes in RM ac-
cording to the data of ultrasonic densitometry was 
established. We illustrate this assump  on by Fig. 8.

We determined that changes of the echodensi-
tometry parameters in isolated RM were intercon-
nected with the decrease of FEV1 and with the increase 

of breathlessness expressiveness 
in COPD pa  ents. As a pa  ern 
of the correla  on between the 
echodensitometric parameter of 
external intercostals muscle and 
FEV1 as well as breathlessness 
we give the following fi gures (Fig. 
9, 10). Addi  onally the parallel 
increase of dyspnoea severity 
and echogenicity of isolated RM 
in the course of COPD evolu  on 
was detected on the background 
of decreasing IH and ISD due to 
expressive atrophy of muscular 
fi bers as well as expansion of con-
nec  ng and fa  y  ssue.

Dynamics of these ultrasonic 
parameters precisely enough re-
fl ects the course of dystrophic 
process in RM during COPD pro-
gressing: from compensatory 
hypertrophy of RM in response 
to the increase of RM func  onal 
load → to their dystrophy with a 
phase of replaceable expanding 
fa  y and connec  ng  ssue → up 
to severe atrophy of RM in severe 
COPD. So, each of the following 
severity stages of COPD leads to 
the rising atrophic and degenera-
 ve of RM changes. This fact gives 

grounds to make a conclusion 
about rela  onships between RM 
structural changes (revealed dur-
ing their ultrasonic research) and 
func  onal changes of respiratory 
system (manifested by decrease 
of FEV1 and increase of dyspnea 
expressiveness) in severe COPD. 
The signifi cance of these phased 
echodensitometric parameters 
changes in RM is not fully under-
stood. This dynamics of echoden-
sitometric parameters in COPD1 
could be explained to a certain 
degree by the increase of echo-

genicity due to replaceable and excessive growth of 
fa  y and  and excessive growth of fa  y and connec  ve 
 ssue. Thus, we determined a signifi cant posi  ve cor-

rela  on between sclerosis manifesta  ons of RM and 
their index echogenicity (Fig. 11) in COPD pa  ents.

IH and ISD had a li  le increase in COPD3 as com-
pared with COPD2 while IE was slightly decreased. We 
can assume that the development of RM fa  gue in 
severe COPD was caused by some factors (decrease 
of their mass, sclero  c changes and disappearance of 
fa  y mass) which reduced echogenicity of RM. These 
morphological changes could be due to the expressed 
systemic infl amma  on (fi rst of all) as well as changes 
of hormonal status and high sensi  vity of the pa  ents 

Morphological sign Control (n=11) COPD1 (n=12) COPD2(n=13)
Atrophy of myofi brils 5/45 3/25 9/69**
Myolysis 1/9 11/92* 12/92*
Prolifera  on of perimysium cell 4/36 8/67 8/62
Prolifera  on of fi broblasts 0 3/25 9/69*,**
Intergrowth of fa  y  ssue into
a muscular  ssue 4/36 3/25 9/69**

Sclero  c changes: moderate 
pronounced

1/9 7/58 3/23*
0 2/17 10/77*,**

Contractures of myofi brils 0 8/67* 11/85*

Таble 5. Distribu  on of COPD1,2 pa  ents according to the presence
of some morphological signs in RM (n/% )

*- p<0,05 vs control; **- p<0,05 vs COPD1
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who received high doses of glucocor  coids during 
COPD exacerba  on (in a less degree).

The advantages of this ultrasonic method in di-
agnos  cs of sclero  c changes, inter-
growth of fa  y  ssue into the mus-
cular  ssue as well as its atrophic 
changes were revealed. This method 
has provided a major source of infor-
ma  on for assessing the structural 
changes of RM. Probably it was con-
nected with the possibility of ultra-
sonic method to research the muscle 
for all its thickness. Thus, these mor-
phological data can suggest that alter-
nate increase and decrease of the ul-
trasonic parameters could be caused 
by changes of fa  y  ssue volume in 
the muscular  ssue in diff erent COPD 
stages of its evolu  on.

Morphological research of RM is invasive and 
awkward and be sides is associated with the possibil-
i  es of developing some complica  ons, whereas, the 
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ultrasonic method of RM research proposed by us is 
simple and safe. In the light of the aforesaid, we com-
pared the possibili  es of these two diagnos  c meth-
ods for es  ma  on of RM status in COPD pa  ents with 
diff erent severity. Thus, sensi  vity and specifi city of 
this ultrasonic method was defi ned in 55% and 59% 
for es  ma  on of sclero  c changes in RM as com-
pared with the results of morphological research. 
Both prognos  c posi  ve and prognos  c nega  ve re-

sults of this ultrasonic method made 57%. Thus, the 
likelihood ra  o for the posi  ve result was 1,34. We 
did not detect a signifi cant diff erence between ultra-
sonic and morphometric methods according to the 
es  ma  on of sclero  c changes (χ2=0,82; р=0,37) in 
COPD pa  ents who underwent this trial.

Sensi  vity and specifi city of this ultrasonic method 
were defi ned both in 55% for es  ma  on of expres-
siveness of fa  y  ssue intergrowth into the muscular 
 ssue. Prognos  c posi  ve as well as prognos  c nega-
 ve results of this ultrasonic method made both 55%. 

Thus, the likelihood ra  o for posi  ve result =1,20. No 
signifi cant diff erence according to this morphological 
phenomena (χ2=0,36; р=0,55) between the ultrasonic 
and morphometric methods was revealed.

Sensi  vity and specifi city of ultrasonic method were 
defi ned in 55% and 59% to es  mate atrophic muscular 
 ssue expressiveness. Prognos  c importance of posi-
 ve result and nega  ve result made both 57%. Thus, 

the likelihood ra  o for posi  ve result =1,33. We did not 
detect signifi cant diff erence comparing COPD pa  ents 
who underwent the examina  on by both the ultrasonic 
and morphometric methods (χ2=0,82; р=0,37) accord-
ing to the es  ma  on of atrophic muscular  ssue ex-
pressiveness. The accuracy of ultrasonic method was 
lower than that of morphological method in diagnosing 
RM dystrophic changes in accordance with the other 
analyzed morphological signs.

Conclusions
1. The proposed echodensitometric parameters 

showed heterogeneity of RM pathological chang-
es and refl ected in a complex way the dynamics 
of the degenera  ve processes occurring in RM 
during COPD progression. Thus, more dystrophic 
changes were detected in the following RM: ster-
nocleidomastoid, external intercostal, abdominal 
internalexternal oblique and rectus. So, in COPD1 
the tendency to increased IH and ISD as well as de-
creased IE was observed, whereas in COPD2 there 
was a tendency to decreased IH and ISD, while IE 
was increased. In COPD3 the tendency to re-raising 
of IH and ISD against the background of IE decrease 
was detected. The greater diff erence was detected 
according to IE between COPD groups.

2. Increase of breathlessness in COPD pa  ents posi-
 vely correlated with IE and nega  vely correlated 

with ISD of sternocleidomastoid, internal intercos-
tal, abdominal external oblique and rectus muscles.

3. High informa  on value of this ultrasonic method 
for es  ma  on of some dystrophic changes in RM 
was revealed. That gives grounds to consider this 
method as a choice for monitoring RM pathologic 
changes during COPD progression.
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