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Introduction. Occupational diseases of the upper extremities from physical (functional) overstrain occupy a leading place in the structure of occupational morbidity, 
with myofibrosis being the most common disease.
The aim of the study was to assess the course of myofibrosis against the background of generalized polyosteoarthritis using the ultrasound method.
Materials and methods. One hundred seventeen mining industry workers were examined. The main group consisted of 20 patients with an established diagnosis of 
1st stage of myofibrosis and generalized osteoarthritis, the control group consisted of 97 patients with an established diagnosis of 1st stage of myofibrosis. Standard 
clinical and laboratory methods of examination, ultrasound examination of the muscles of the forearms and shoulders were performed. 
Results. The median values of epimysium and muscle bundles thickness in both the main and control groups correspond to stage 1 of myofibrosis, while the median 
thickness of perimysium in the reference group corresponds to stage 1, and in main group it corresponds to stage 2. In addition, the 75th percentile of epimysium 
thickness, as well as the 25th percentile of muscle bundle thickness in the main group, also meet the criteria for stage 2 of myofibrosis.
Limitations. The study has gender restrictions (men were investigated), as well as restrictions on professions (mining workers).
Conclusions. According to the results of ultrasound examination, in the main group patients there are signs corresponding to the transition of myofibrosis to the 
second stage, which is characterized by a statistically significant increase in perimysium thickness, as well as a pronounced tendency of epimysium thickness increase 
and reduce of muscle bundle thickness. This is important when the disease is associated with occupation, allowing patients with a combination of myofibrosis and 
generalized osteoarthritis to establish a more severe stage of myofibrosis course, indicating a more pronounced degree of occupational work ability loss.
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Введение. Профессиональные заболевания верхних конечностей от физического (функционального) перенапряжения занимают ведущее место 
в структуре профессиональной заболеваемости, при этом наиболее частым заболеванием является миофиброз.
Цель исследования – повысить эффективность диагностики профессионального миофиброза на фоне генерализованного остеоартрита с помощью 
метода ультразвукового исследования.
Материалы и методы. Обследованы 117 работников горнодобывающей промышленности, из которых основную группу составили 20 пациентов  
с установленным диагнозом миофиброза 1-й стадии и генерализованного остеоартрита, контрольную группу составили 97 пациентов с установлен-
ным диагнозом миофиброза 1-й стадии. Использовались стандартные клинико-лабораторные методы исследования, ультразвуковое исследование 
мышц предплечий и плеч.
Результаты. Медианные значения толщины эпимизия и мышечных пучков как в основной, так и в контрольной группах соответствуют 1-й стадии 
миофиброза, тогда как медиана толщины перимизия в контрольной группе соответствует 1-й стадии, а в основной – 2-й стадии. Кроме того, 
75-й процентиль толщины эпимизия, а также 25-й процентиль толщины мышечного пучка в оcновной группе также соответствуют критериям 
2-й стадии миофиброза.
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few publications on the study of the ultrasound method and all 
of them were based on a qualitative assessment of pathological 
changes [10, 11]. The existing data are insufficiently systematized 
and are sometimes contradictory, which makes it difficult to assess 
the connection of this disease with professional activity. Therefore, 
we decided to develop objective quantitative criteria for assessing 
the severity of the course of this disease ourselves and give a 
complete ultrasound picture of changes in the muscles [12, 13]. 

In this paper, we decided to expand the existing accumulated 
experience in the modern diagnosis of occupational myofibrosis 
and evaluate the course of this disease in patients with generalized 
osteoarthritis.

The aim of the study is to increase the effectiveness  
of occupational myofibrosis diagnosis against the background 
of generalized osteoarthritis using the ultrasound method.

Materials and methods
In the course of the work, 117 mining industry workers were 

examined, where the main group consisted of 20 patients with 
an established diagnosis of stage 1 myofibrosis and generalized 
osteoarthritis, the reference group consisted of 97 patients with  
an established diagnosis of stage 1 myofibrosis. The examination 
of patients was carried out in the clinic of occupational pathology 
in North-West Public Health Research Center in 2022.

The main group included 20 men with established diagnoses 
of stage 1 occupational myofibrosis and generalized osteoarthritis. 
Patients worked in the mining industry in the professions of  
a drifter, an underground miner, a machinist of mining excavation 
machines, drivers of heavy trucks.

The reference group consisted of 97 patients (men) with an 
established diagnosis of stage 1 occupational myofibrosis with 
identical working conditions, work experience and age. The 
study did not include patients with confirmed systemic diseases 
(rheumatoid arthritis, systemic scleroderma, etc.), post-traumatic 
deforming arthrosis, endocrine diseases, and infectious arthritis.

The nature of labor activity was assessed according to the data 
of sanitary and hygienic characteristics of working conditions of 
employees compiled by the departments of the Russian Federal 
Service for surveillance on consumer rights protection and human 
wellbeing (Rospotrebnadzor) for the subject of Russian Federation 
or their structural divisions if an employee is suspected of having 
an occupational disease.

The data on patients health state of were obtained during the 
in-depth clinical and instrumental examination on the basis of 
North-West Public Health Research Center. The examination was 

Introduction
According to the data of the State Report “On the state of 

sanitary and epidemiological welfare of population in Russian 
Federation in 2021”, in the structure of occupational pathology, 
depending on the influencing factors of the labor process, diseases 
associated with physical overload and functional overstrain occupy 
the second place and amount to 16.74% [1].

Occupational diseases of upper extremities from physical 
(functional) overstrain according to the List of occupational 
diseases (Appendix to the Order of the Ministry of Health and the 
SR of Russia dated 27.04.2012 No. 417n) are represented by such 
diseases of the musculoskeletal system and connective tissue as 
chronic myofibrosis of the forearm and shoulder, tendovaginitis, 
stenosing ligamentosis, periarthrosis, epicondylosis, deforming 
osteoarthritis, bursitis, aseptic necrosis1. This pathology occupies 
a leading place in the structure of occupational morbidity not 
only in Russian Federation, but also in some countries of Europe 
and Far East (from 17.8% to 49.9% in some regions) [2–4].  
At the same time, the most common disease is myofibrosis.  
The widespread distribution of musculoskeletal system 
occupational diseases is due to the use of manual labor in 54.5%  
of professions, of which 48% belong to the category of severe [5, 6].

Osteoarthritis is a group of diseases of various etiologies with 
similar clinical manifestations and outcomes, which are based 
on the defeat of all components of the joint: cartilage, synovial 
membrane, ligaments, capsules, as well as periarticular muscles 
[7, 8]. According to Russian Ministry of Health, the number of 
patients with osteoarthritis has increased by 3.7% over the past 
5 years and amounted to 4.3 million people [9]. It should be 
understood that these figures reflect only officially registered cases, 
and the true number of cases may be much higher. 

According to our data, in the year 2022, 251 patients out of 
653 undergoing the examination procedure on the connection 
of the disease with a profession at North-West Public Health 
Research Center, had a concomitant diagnosis of generalized 
polyosteoarthritis. These figures show that the combination of 
occupational myofibrosis with generalized polyosteoarthritis is the 
most common in the practice of an occupational pathologist.

When studying the instrumental diagnosis of occupational 
myofibrosis in the available literature, we were able to find only 

Ограничения исследования. Исследование имеет гендерные ограничения (обследовались мужчины), а также ограничения по профессиям (работники 
горнодобывающей промышленности).
Заключение. По результатам ультразвукового исследования у пациентов основной группы отмечаются признаки, соответствующие переходу ми-
офиброза во вторую стадию, что характеризуется статистически значимым увеличением толщины перимизия, а также выраженной тенденцией 
к увеличению толщины эпимизия и уменьшению толщины мышечного пучка. Это имеет существенное значение при проведении экспертизы связи 
заболевания с профессией, позволяя у пациентов с сочетанием миофиброза и генерализованного остеоартрита установить более тяжёлую стадию 
течения миофиброза, свидетельствующую о более выраженной степени утраты профессиональной трудоспособности.

Ключевые слова: ультразвуковое исследование; мышцы верхних конечностей; миофиброз; генерализованный остеоартрит
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исследовании.
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the final class of working conditions was the severity of the 
labor process, characterized by increased static loads, the mass 
of manually lifted and moved cargo, and stereotypical working 
movements.

The data of objective examination of patients in reference and 
main groups are represented in Table 2.

As can be seen from the data presented in the table, the most 
common type of complaint of patients in the reference group was 
soreness in the muscles of the forearms and shoulders (97 people). 
It is typically that the pain was felt in 25.8% of cases at the end of 
the working shift and was constant in 73.2% of cases. A decrease in 
muscle strength was noted by 95.9% of workers, and a violation of 
fine motor skills – 74.2%. On objective examination, it is clear that 
100% had pain during palpation, 61.9% had muscle tissue sealing, 
heaviness during palpation was noted only in 36.1% of cases.  
A decrease in muscle strength was recorded in 80.4%, in most 
cases muscle strength was reduced moderately.

Among the patients of the main group, in addition to complaints 
of pain in the muscles of the forearms and shoulders, in 100% 
of cases there were also complaints of pain in 3 or more joints,  
in 70% – stiffness in the joints. During an objective examination, 
joint deformity was observed in 70% of cases, while according 
to the results of dynamometry, a significant decrease in muscle 
strength was recorded in 30% of patients.

With a 95% probability, statistically significant differences in 
the frequency of complaints in the main and control groups were 
established for two complaints (pain in 3 or more joints, stiffness in 
the joints), as well as for two clinical signs on palpation of the joints 
(soreness in 3 and more joints, joint deformation). The frequency 
of all other complaints in the main and control groups according 
to Table 2 did not have statistically significant differences.

The results of blood laboratory tests in both groups showed no 
significant deviations from the standart.

The typically ultrasound signs of myofibrosis are an increase 
of epimysium and perimysium thickness with a simultaneous 
decrease of the muscle bundles thickness [12, 13]. The changes 
specific to myofibrosis of the 1st stage are shown in Figure 1.

In Figure 1, the total echogenicity of the muscle is higher than 
in adipose tissue. The linear structure of the muscle is preserved. 
The epimysium is represented by a hyperechoic strip, somewhat 
heterogeneous in thickness, the average value of which is 0.7 mm. 
The muscle bundle is hypoechoic, heterogeneous in structure,  
1.1 mm thick. The perimysium is represented by a hyperechoic 
strip, with clear uneven contours, up to 0.8 mm thick.

The results of ultrasound examination of the forearm muscles 
in patients of the reference group with stage 1 occupational 
myofibrosis and patients of the main group, where the course of 
myofibrosis (stage 1, according to clinical signs) is complicated by 
generalized osteoarthritis, are presented in Table 3.

There are statistically significant differences between the 
median values of epimysium thickness (p=0.012), perimysium 
(p<0.001) and muscle bundle thickness (p<0.001) in the main 
and control groups. There is a significant intersection of the 
interquartile ranges of the thickness of the epimysium and 

carried out by specialist doctors (surgeon, neurologist, therapist, 
ophthalmologist, otorhinolaryngologist, and occupational 
pathologist), standard laboratory tests were performed, ultrasound 
scanning of upper extremities muscles. 

Ultrasound scanning was performed in the clinic of occupational 
pathology on a Samsung Medison HS-50 device with a linear 
sensor at an operating frequency of 5–15 MHz at a depth of up to  
3.5–4.0 cm according to the standard procedure. The study was 
carried out in a supine position with arms stretched out along the 
trunk. The linear sensor was installed in the anterior longitudinal 
position in the projection of the shoulder joint. This projection 
allows to evaluate the articular gap, the contours of the heads of 
humeral and radial bones, the condition of the cartilage. Next, the 
sensor moves distally and longitudinally along the muscle abdomen 
with an assessment of internal structures: skin, subcutaneous fat, 
epimysium, muscle bundles, perimysium and the uniformity of the 
muscle as a whole. All measurements were also carried out on the 
contralateral side. To study deep muscles, the patient’s position 
remained the same, the tilt of the sensor was changed using  
“fan-like movements”. A similar technique was used to study the 
muscles on the contralateral side [12–14]. Ultrasound criteria for 
the stages of myofibrosis are presented in Table 1 [13].

Statistical processing of the research results was carried 
out using the IBM SPSS Statistics v.22 software product and 
Microsoft Office Excel 2013. Descriptive statistics of age and work 
experience included the arithmetic mean and standard error of the 
mean, symptoms and signs – the relative frequency of the trait in 
the study sample and 95% confidence interval (95% CI) according 
to the Wilson method. Descriptive statistics of ultrasound signs are 
represented by the median, 25th and 75th percentile (interquartile 
range). The normality of the distribution in the samples of the 
main group was determined using the Shapiro-Wilk criterion, 
the reference group – the Kolmogorov-Smirnov single-sample 
criterion. Due to the fact that the distribution in all samples of 
the reference group, including the results of ultrasound (thickness 
of the epimysium, perimysium and muscle bundle), as well as in 
the sample «thickness of the muscle bundle» of the main group, 
differed from normal, the Mann-Whitney criterion was used to 
compare the medians of the thickness of the muscle structures in 
the main and reference groups. The critical significance level of 
the null hypothesis was assumed to be 0.05.

Results
As a result of the conducted studies, it was found that in both 

groups the average age of patients was 48±9.8 years. The work 
experience under the influence of harmful production factors that 
could cause occupational disease was 12.5±3.2 years. The class of 
working conditions at the workplaces of a drifter, an underground 
miner, a driver of mining excavation machines, drivers of heavy-
duty vehicles was at least 3.1 (harmful working conditions of the 
1st degree)2. The leading harmful production factor determining 

T a b l e  1  /  Т а б л и ц а  1
Diagnostic criteria for determining the stage of occupational myofibrosis
Диагностические критерии для определения стадии профессионального миофиброза

Stages of the pathologicalprocess 
Стадии патологического процесса

Thickness of Epimysium 
Толщина эпимизия

Thickness of perimisium 
Толщина перимизия

Thickness of muscle bundle 
Толщина мышечного пучка

mm / мм Ме IQR mm / мм Ме IQR mm / мм Mе IQR

Standard / Норма 0.5–0.6 0.6 0.6–0.5 0.5–0.6 0.6 0.6–0.5 1.3–2.2 1.8 2.0–1.5
1st stage / 1-я стадия 0.7–0.8 0.7 0.8–0.7 0.7–0.8 0.8 0.8–0.7 1.1–1.2 1.2 1.2–1.1
2nd stage / 2-я стадия 0.9–1.0 0.9 1.0–0.9 0.9–1.0 1.0 1.0–0.9 1.0–0.9 1.0 1.1–0.9
3rd stage / 3-я стадия от 1.1 1.3 1.3–1.2 от 1.1 1.3 1.3–1.2 0.8–0.6 0.7 0.7–0.6

N o t e: Me – median; IQR – interquartile range.
П р и м е ч а н и е. Me – медиана; IQR – межквартильный диапазон.

2 According to the Russian Federal law from December 28, 2013 No. 426-FZ.
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T a b l e  2  /  Т а б л и ц а  2
Data of clinical examination of reference and main groups
Данные клинического обследования контрольной и основной групп

Показатель 
Index

Reference group / Контрольная группа 
n = 97

Main group / Основная группа 
n = 20

аbsolute 
number 

абс. 
число

frequency of complaints  
per 100 employees and 95% CI 

частота жалоб в расчёте  
на 100 работников и 95% ДИ

аbsolute 
number 

абс. 
число

frequency of complaints 
per 100 employees and 95% CI 

частота жалоб в расчёте  
на 100 работников и 95% ДИ

Complaints / Жалобы:
Pain in hand muscles: / Боли в мышцах рук: 97 100 (96.2–100) 20 100 (83.9–100)

permanent (at rest) / постоянные (в покое) 72 74.2 (64.7–81.9) 13 65 (43.3–81.9)
non-permanent / непостоянные: 25 25.8 (18.1–35.3) 7 35 (18.1–56.7)

at the beginning of the work / в начале работы 0 0 (0–3.8) 0 0 (0–16.1)
at the end of the work / в конце работы 25 25.8 (18.1–35.3) 7 35 (18.1–56.7)

Pain in 3 or more joints / Боли в трёх и более суставах 0 0 (0–3.8) 20 100 (83.9–100)
Stiffness in the joints / Скованность в суставах 0 0 (0–3.8) 14 70 (48.1–85.5)

Changing the strength in hands / Изменение силы в руках:
reduced / снижена 93 95.9 (89.9–98.4) 18 90 (69.9–97.2)
not changed / не изменена 4 4.1 (1.6–10.1) 2 10 (2.8–30.1)

Violation of fine motor skills of the hands / 
Нарушение мелкой моторики рук:

yes / есть 72 74.2 (64.7–81.9) 17 85 (64.0–94.8)
no / нет 25 25.8 (18.1–35.3) 3 15 (5.2–36.0)

Objective investigation: / Объективный осмотр:
Muscles palpation / Пальпация мышц:

seal / уплотнение 60 61.9 (51.9–70.9) 13 65 (43.3–81.9)
soreness / болезненность 97 100 (96.2–100) 20 100 (83.9–100)
heaviness / тяжистость 35 36.1 (27.2–46.0) 9 45 (25.8–65.8)
nodules / «узелки» 1 1.3 (0.2–5.6) 1 5 (0.9–23.6)

Joints palpation / Пальпация суставов:
Soreness in 3 or more joints / Болезненность в трёх и более суставах 0 0 (0–3.8) 19 95 (76.4–99.1)
Joint deformation / Деформация суставов:

yes / есть 0 0 (0–3.8) 14 70 (48.1–85.5)
no / нет 97 100 (96.2–100) 6 30 (14.6–51.9)

Dynamometry (Muscle strength) / Динамометрия (мышечная сила):
within normal limits / в пределах нормы 19 19.6 (12.9–28.6) 3 15 (5.2–36.0)
moderately reduced / умеренно снижена 69 71.1 (61.4–79.2) 11 55 (34.2–74.2)
significantly reduced / значительно снижена 9 9.3 (5.0–16.7) 6 30 (14.6–51.9)

Fig. 1. Ultrasound image of the shoulder muscle (m. brachioradialis) in 
the antero-longitudinal lateral position at the 1st stage of myofibrosis. 
Epimysium (1), muscle bundle (2), perimysium (3).

Рис. 1. Ультразвуковое изображение плечелучевой мышцы 
(m. brachioradialis) в передне-продольной латеральной позиции 
при 1-й стадии миофиброза. Эпимизий (1), мышечный пучок (2), 
перимизий (3).

1

2
3

T a b l e  3  /  Т а б л и ц а  3
Results of ultrasound examination of muscle structures  
m. brachioradialis
Результаты ультразвукового исследования мышечных структур  
m. brachioradialis

Patient group 
Группа пациентов

Number  
of patients 

Число 
пациентов

Epimysium 
thickness, mm 

Толщина 
эпимизия, мм

Perimisium 
thickness, mm 

Толщина 
перимизия, мм

Thickness  
of the muscle 
bundle, mm 

Толщина 
мышечного 
пучка, мм

Reference 
Контрольная

97 0.7 
[0.7–0.8]

0.7 
[0.7–0.8]

1.2 
[1.1–1.3]

Main 
Основная

20 0.8 
[0.7–0.9]

0.9 
[0.8–0.9]

1.1 
[1.0–1.2]

N o t e: median values and interquartile range are indicated.
П р и м е ч а н и е. Указаны медианные значения и межквартильный 
диапазон.
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worked in the mining industry and the leading harmful production 
factor was the severity of the labor process. 

The main group consisted of 20 patients with an established 
diagnosis of stage 1 myofibrosis and concomitant generalized 
osteoarthritis. The reference group was represented by 97 patients 
with an established diagnosis of stage 1 occupational myofibrosis. 

The study showed that there was no significant difference 
in complaints and objective examination among patients of the 
reference and main groups, with the exception of complaints of 
pain and stiffness in the joints, as well as soreness in joints and 
joint deformation, which seems logical, having hand osteoarthritis. 
Laboratory tests also revealed no significant differences in blood 
and urine parameters.

In our previous studies devoted to the investigation of the forearm 
muscles structures in patients with myofibrosis of different severity 
with the help of sonography, we determined that the main ultrasound 
criteria for the disease are thickening of the epimysium, perimysium 
and a decrease in the thickness of muscle bundles [12, 13].

In this study the ultrasound examination of the forearm 
muscles recorded a statistically significant increase of perimysium 
thickness in patients suffering from occupational myofibrosis and 
generalized osteoarthritis.

Osteoarthritis is considered as a heterogeneous group of 
diseases with similar clinical manifestations and outcome, which 
are based on damage to cartilage, synovial membrane, ligaments, 
joint capsule, periarticular muscles [21].

One of the mechanisms of the disease development is 
chronic low-intensity inflammation in the joint due to systemic 
inflammatory activity [7]. The muscle structures located around 
the joints suffer both from reactive inflammation, which develops 
in joints, and from a violation of the kinematic functions of the 
joint affected by the pathological process [20, 22]. In this regard, 
it cannot be excluded that the membrane thickening of the 
muscle bundles is a consequence of the changes described above. 
However, the role of perimysium in skeletal muscles has not yet 
been fully studied, so this assumption is debatable.

Conclusions
Statistically significant differences in the frequency of 

complaints in the main and control groups were established for 
two complaints (pain in 3 or more joints, stiffness in the joints), 
as well as for two clinical signs on palpation of the joints (soreness 
in 3 and more joints, joint deformation). The frequency of all 
other complaints in the main and control groups did not have 
statistically significant differences.

However, during ultrasound examination in patients of the 
main group, signs corresponding to the transition of myofibrosis to 
the second stage are noted, which is characterized by a statistically 
significant increase in the perimysium thickness, as well as a 
pronounced tendency to increase of epimysium thickness and 
decrease the muscle bundle thickness. This is important when 
the disease is associated with profession, allowing patients with 
a combination of myofibrosis and generalized osteoarthritis to 
establish a more severe stage of myofibrosis course, indicating a 
more pronounced degree of occupational work ability loss. 

The data obtained should be taken into account for the risk groups 
creation for the occupational myofibrosis development in persons 
with generalized osteoarthritis with subsequent dynamic monitoring.

the muscle bundle in the main and reference groups (with the 
capture of the median of the compared sample), whereas when 
comparing the results of the study of perimysium thickness, the 
intersection of the interquartile ranges is not observed (Figure 2), 
which indicates statistically significant differences not only in the 
measures of the central trend (medians), but also in the measures 
of data dispersion.

It should be noted that the median values of epimysium and 
muscle bundles thickness in both the main and reference groups 
correspond to the 1st stage of myofibrosis, whereas the median 
thickness of perimysium in the reference group corresponds to the 
1st stage, and in the main – to the 2nd stage. In addition, the 75th 
percentile of epimysium thickness, as well as the 25th percentile of 
muscle bundle thickness in the main group also meet the criteria 
of stage 2 of myofibrosis.

Discussion
In 2021, in the structure of the first identified occupational 

morbidity by the type of economic activity, the largest proportion 
of occupational pathology cases was noted among employees of 
mining enterprises – 39.42% [1, 5]. In the structure of the main 
nosological forms of occupational pathology due to physical 
overload and overstrain, soft tissue diseases occupy the second 
place, behind radiculopathy [1, 15–19].

Osteoarthritis is one of the most common and socially 
significant degenerative diseases of the musculoskeletal system, 
leading to rapid loss of performance and disability [7, 20].  
In the practice of occupational pathologist, the combination  
of occupational myofibrosis with generalized osteoarthritis is 
the most common, therefore it is of particular interest. 

The aim of the study is to identify the features of the course of 
this occupational disease in patients with concomitant generalized 
osteoarthritis. 

A total of 117 patients (men) were examined. The average 
age was 48±9.8 years, the work experience under the influence 
of harmful production factors was 12.5±3.2 years. The patients 

Fig. 2. Thickness of the perimisium in the main (1) and control (2) groups 
(mm).

Рис. 2. Толщина перимизия в основной (1) и контрольной (2) группах 
(мм).
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