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Abstract

The paper analyzes the effectiveness of magnetic resonance imaging with cartilage diagram in diagnosing signs of profes-
sional deforming arthrosis of knee joints in miners working in conditions of significant physical loading.

Aim of the research — to determine of diagnostic efficiency of indicators of magnetic resonance imaging of the knee joint
and cartilage diagram in miners of the main occupations suffering from deforming arthrosis.

Methods. The research is conducted in 30 miners of basic occupations: 20 mining workers of breakage face (MWBF) and
10 machinists of shearer mining machines (MSMM) have been treated in the inpatient department of occupational pathology of the
Lviv Regional Clinical Hospital in 2015-2017 due to deforming arthrosis. Damages of the main anatomical elements of the knee joint
with arthrosis were analyzed, visualized initially with the help of MRI, and then - cartilage diagram.

Results. According to the MRI data, in miners of the main occupations with arthrosis of the knee joint the posterior cross-
shaped ligament are most commonly affected (in 75.0£9.7 % MWBF and 70.0+14.5 % MSMM), damage to the medial collateral
ligament are diagnosed less frequently (in 5.0+4.9 % in the MWBF and in 10.0£9.5 % in the MSMM). On average 3.8+0.4 modified
elements of the knee joint are visualized in patients, whereas 4.8+0.1 affected areas are visualized on the cartilage diagram (p<0.05).
In 86.7+6.2 % patients, in the analysis of cartilage diagram, changes in all five analyzed areas are diagnosed, indicating a higher
efficiency of the diagnosis of changes in the structures of the joint with DA of the professional etiology of the method of cartilage
diagram compared with MRI. According to the cartilage diagram the most significant changes are noted in the hypertrophy of the
femur: among all miners 62.5+0.3 ms (medial) and 62.6+0.4 ms (lateral), in the MWBF group the average time of T2-delay is the
largest in the area of the medial hypertrophy of the femur is 60.9+2.3 ms, in the MSMM group — in the area of the lateral hypertrophy
of the femur: 66.7+3.3 ms, which can be linked to the peculiarities of the forced working position of miners of these professions and
the kinetics of joint structures.

These results can be used to diagnose the initial lesions of joint structures with DA of professional genesis, as well as the cre-
ation of prognostic models for determining the the degree of risk of development of knee joint damage, which will allow to improve
the system of personified approach to diagnostic and preventive measures in working persons in conditions of considerable physical
activity and forced working position.
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1. Introduction

The method of magnetic resonance imaging (MRI) is a «gold standard» for non-inva-
sive visualization and evaluation of traumatic and degenerative cartilage lesions of the knee
joint, its defects and recovery [1, 2]. This is a powerful non-invasive tool for detecting this pa-
thology and monitoring the results of pharmacological therapy and surgical intervention [3, 4].
MRI is a more sensitive method than X-ray imaging or computed tomography to visualize most
changes of bone structures due to multi-dimensional tomographic capabilities [5, 6], can better
visualize osteophytes, especially central ones, which are inherent in deforming arthrosis (DA)
[7]. The method is used to monitor trabecular changes in the subchondral bone if osteoarthritis
develops [8, 9].
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Cartilage of the joint is a complex, heterogeneous and mechanically anisotropic type of
tissue, consisting mainly of a three-dimensional network of collagen, proteoglycans and water; the
content of cells in it is insignificant [10, 11]. In order to diagnose lesions or chronic cartilage chang-
es, specific sequences of magnetic resonance with a special resolution and other parameters are
required, of which the most effective is the cartilage diagram [12]. Extended isotropic sequences
of T2-mapping of magnetic resonance have the ability to represent the joint in a three-dimensional
form, in which cartilage and other structures can be evaluated in more detail [13, 14].

T2-mapping can be used to evaluate the cartilage degeneration process and reparative/re-
generative processes in the knee joint with DA, in particular [15, 16]. The special application value
has T2-mapping for evaluation of articular cartilage in patients with detection of early degeneration
of articular cartilage is clinically significant [17, 18]. First of all it is about the category of patients
with one-time injury with slaughters, fracture, dislocation and/or damage to the ligament of the
joint or repeated microtraumatisation of the joint (for example, in persons with professional risk of
development of degenerative changes in cartilage, including a significant share of miners) [19, 20].

At the same time, it should be noted that scientific publications concerning the application
of the indicated methods of examination are limited to determine the peculiarities of pathological
changes with DA associated with the effects of hazardous production factors.

2. Aim of research
Estimation of diagnostic efficiency of magnetic resonance imaging of the knee joint and
cartilage diagram to determine the DA in miners of the main occupations.

3. Materials and methods

The research was conducted in 30 miners of basic occupations: 20 mining workers of break-
age face (MWBF) and 10 machinist of shearer mining machines (MSMM) have been treated in
the inpatient department of occupational pathology of the Lviv Regional Clinical Hospital in 2015—
2017 due to deforming arthrosis. Damages of the main anatomical elements of the knee joint were
analyzed, visualized initially with the help of MRI, and then — cartilage diagram (T2-mapping).

In order to standardize, all 30 patients were examined without contrast enhancement at
1.5 T MRI apparatus GE SignaHDxt 1.5 T in T2-mode. For additional evaluation of individual
structures, T1 weighted images and DWI, PD FS, STIR modes were also used. For a detailed as-
sessment of meniscus and the scan connection was also carried out in the PD FS sequence, since it
was believed that the nucleus of hydrogen through the cracks was associated with macromolecules,
which respectively shows a shorter T2-relaxation time.

Applying the technological and programmatic capabilities of modern MRI-apparatuses, the
method of cartilage diagram was used — the protocol of research MR MapIT KNEE in sagittal cut
of T2-sequences and in several areas of each cut separately. Colour mapping of time of T2-relax-
ation allows detecting zones of biochemical changes in the cartilage, even with visually unchanged
its structure. Five main areas of the knee joint were included for evaluation: medial hypertrophy of
the femur, medial hypertrophy of the tibia, lateral hypertrophy of the femur, lateral hypertrophy of
the tibia and zone of patella. The area of the measuring zone (ROI) was 2 mm?. In each zone, the
minimum and maximum delay time was determined in areas sized from 4 pixels. The signal in T2
was considered pathological if it delayed more than 40 ms in at least 2 consecutive images for all
zones, except for patella, where the cut was 35 ms.

When performing the statistical processing of the data obtained, the following methods
were used: calculation of relative (P) and average (M) values and their standard errors (imp, +m);
conducting an assessment of the probability of the results obtained in the comparable groups by %>
method [21].

4. Results

Narrowing of the joint crack is one of the most significant objective indicators of DA of
different localization. The study reveals a slight narrowing of the joint crack in the area of the
medial hypertrophy of the femur and tibia in 13 (43.3349.05 %) miners, in particular, in half of the

4

Medicine and Dentistry



Original Research Article: (2018), «KEUREKA: Health Sciences»
full paper Number 5

surveyed in the MWBF group (50.0£11.2 %, n=10), and one third of MSMM (30.0+14.5 %, n=3)
(p>0.05).

The cortical layer is one of the important layers of bone tissue, which varies considerably
with deforming arthrosis of stage IIl,and it appears in the MRI less intense, close to the image of
soft tissues, the image of bone tissue.At the same time, the normal differentiation of the structure
of the bones is lost, which is interconnected, and the thinning of the cortical layer of diaphysis is re-
vealed. Among the investigated miners, changes in the cortical layer of bone were diagnosed in one
third of patients (30.0+8.4 %), fuzzy contour of this layer — in 26.7+8.1 %. Comparing the frequen-
cy of occurrence changes in the cortical layer between the study groups was shown that in MWBF
they occur a little less often than in MSMM (p>0.05), in particular: in 25.0+9.7 % surveyed of the
MWBEF group, according to data of MRI, the fuzzy contour and the changed thickness of the corti-
cal layer of the bone are detected. In the surveyed of the MSMM group, changes in the thickness of
the cortical layer were diagnosed in 40.0+15.5 % patients, fuzzy contour —in 30.0+£14.5 %, (Fig. 1).
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Fig. 1. Frequency of pathological changes of elements of knee joint according to data of MRI in
T2-modeamong miners with DA of knee joint (%)

An important structure of the joint is its connective device, which plays a role in the kinetics.
Most of the ligaments are tractions of connective tissue, fibrous beams of different widths, length
and direction, allowing ligaments to relax, stretch, thereby providing an additional movement of the
shin. The knee joint is represented by the anterior and posterior cross-shaped, lateral (collateral),
transverse, patellaand between the fibula and tibial ligaments. The anterior cross-shaped ligament
(ACSHL) stabilizes the hypertrophy of the tibia and does not allow the knee to move forward. The
posterior cross-shaped ligament (PCSHL) keeps the knee from pathological shift back.The lateral
ligaments — the internal and external strengthen the intra-articular capsule of the knee in places of
its greatest tension and restrict superfluous movements.The transverse ligament connects and sta-
bilizes the anterior parts of the lateral and medial meniscus.The ligament of patella involves in the
extension of the knee. Thus, each ligament plays its part in the qualitative work of the knee joint.
If the ligament apparatus is damaged, stretching may occur in the knee joint (without disturbing
its anatomical integrity), trauma (when the individual fibers are torn) or break the ligament (with
a complete break of the bundles of fibers).The causes of damage to the ligament apparatus can be:
sudden sharp rotation of the knee, knee injury when falling or direct impact, inflammation and
degenerative changes in tendons, caused by prolonged static loading to pose kneeling or squatting,
what happens when performing work in conditions of limited space in the mine.

The study shows that in the MWBF group, violation of the integrity of the anterior cross-
shaped ligament was observed in 13 patients (65.0£10.7 %), that although was 1.6 times more often
than in the MSMM group (40.0+15.5 %), however, this difference was not statistically significant
(p>0.05). The garnetting of the ligament was found in 11 patients of the MW BF group (55.0£11.1 %)
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and in 2 patients from the MSMM group (20.0+12.7 %), which indicates the statistically significant
difference (p<0.05) between groups. Somewhat less often occur the breaks of anterior cross-shaped
ligament: in 5 patients (25.0+9.7 %) of the MWBF group and 1 patient (10.0£9.5 %) of the MSMM
group (p>0.05).

Damages to the posterior cross-shaped ligament occurred in a large part of the miners
(63.3£8.8 %), in particular among workers of the MWBF group — in 70.0+10.3 % cases, in the
MSMM group —in 50.0£15.8 % (p>0.05). It is angulated (rejected by a certain angle from the norm)
in 60.0+11.0 % investigated of the MWBF group, in the MSMM indicatoris 50.0£15.8 % (p>0.05).
There is a ventral displacement of the shin with the increase in the angulation of PCSHL, thus, the
closer PCSHL angle to 90°, the degree of the ACSHL damage is greater, which affects the general
condition of the joint with DA.

In homogeneous magnetic resonance signal demonstrates in equality or fuzziness of contour
of ligament and indicates deformation of the trajectory of the ligament with the loss of fibers of its
structure. In the analysis of MRI-images, a heterogeneous signal from the posterior cross-shaped
ligament was detected in 7 patients (35.0+£10.7 %) of the MWBF group and 4 patients (40.0£15.5 %)
of the MSMM group (p>0.05).

To analyze the pathological changes of the anterior cross-shaped ligament, T2-images were
used, made in FSE mode with repayment of fat. The evaluation was carried out in the axial plane,
and if necessary, it was supplemented by the characteristic of the ligament from T2-images in the
sagittal plane. For example, in a patient I., who has been working as the MWBEF for 17 years, with
complaints of pronounced pain syndrome, hypersensitive signal was detected when evaluating the
anterior cross-shaped ligament in the axial plane, which can indicate its thickening (Fig. 2). At the
same time, cut in such plane visualize the position of the ligament fragmentarily and do not allow it
to be evaluated throughout. In such cases, the image of the sagittal plane was used to give the more
detailed assessment of all fibers of the anterior cross-shaped ligament.

Fig. 2.Patient 1., 43 years old, experience in the profession of MWBF 17 years, T2-weighted FSE
image in axial plane with repayment of fat indicates an increase in the intensity of the signal from
the anterior cross-shaped ligament and indicates its thickening (arrow)

The medial collateral ligament with arthrosis of the knee joint is the slightest damaged.
It was damaged only in 5.0+4.9 % investigated in the MWBF group, and in 10.0+£9.5 % — in the
MSMM group (p>0.05). The lateral collateral ligament is affected 7 times more often than the
medial in the MWBF group (35.0£10.7 %, p<0.05) and 5 times more often among patients of the
MSMM group (50.0+15.8 %, p<0.05).

Work in forced labor position leads to the high frequency of development of such patholog-
ical symptom as winding movement of own ligament of patella in the MWBF group (55.0+11.1 %),
and in the MSMM group (40.5+15.5 %) (p>0.05).1t is worth noting that in the MWBF group there
are signs of tearing of own ligament of patella in 5 %, which usually occurs as a result of a serious
traumatic factor, which in this case can be dangerous working conditions.
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As some of the analyzed elements of the knee joint could have double changes (for example,
the ligament could be both thinned and garnetted), the study of preserved anatomical structures of
the knee joint in the investigated patients was also conducted (Table 1).

Tablel
The frequency of preserving anatomical building of structures of knee joint with DA among miners (%)
No. Anatomical structure of the normal building Total (n=30) M“ZESZ%;OUP MSI\(’:}:%;‘OUP Mp\t;/e]t}vl::e::d
MSMM
1 Medial meniscus of a triangular shape 83.3+6.8 85.0+8.0 80.0£12.7 >0.05
2 Lateral meniscus of triangular shape 96.7£3.3 95.0+4.9 100.0+0 >0.05
3 Anterior cross-shaped ligament is undamaged 43.349.1 35.0£10.7 60.0+15.5 >0.05
4 Posterior cross-shaped ligament is undamaged 26.748.1 25.0+£9.7 30.0£14.5 >0.05
5 Medial collateral ligament is undamaged 93.3+4.6 95.0+4.9 90.0+9.5 >0.05
6 Lateral collateral ligament is undamaged 60.0+£8.9 65.0£10.7 50.0+15.8 >0.05
7 Own ligament of patella is undamaged 36.7+£8.8 30.0+10.3 50.0+15.8 >0.05
3 Tendon of the four-head muscle of the thigh is not 533491 5504111 50.0415.8 ~0.05
damaged

9 Hoff’s body is not enlarged 56.7+9.1 60.0+11.0 50.0+15.8 >0.05

From the above-mentioned nine structures of the knee joint with MRI, the significant differ-
ence in the frequency of undamaged elements between the professions of the MWBF and MSMM
was not established.

The similar analysis was carried out, depending on the work experience of the employees.
The frequency of preserving the anatomical building of the structures of the knee joint was sta-
tistically identical as evidenced by the data in Table 2 (p>0.05 with a pairwise and simultaneous
comparison of all three groups) in miners with work experience from 9 to 15 years, from 15 to 20,
and more than 20 years. This may be an indication that the initial changes with DA of professional
genesis occur in terms of work up to 15 years.

Table 2
Frequency of preserving the anatomical building of the structures of the knee joint with DA depending on
the work experience (%)

Work experience

Work experience Work experience

Anatomical structure of the normal building = By () 15—(1210:137;)ars >20 years (n=5) p
Medial meniscus of a triangular shape 71.4+17.1 88.9+7.4 80.0+17.9 >0.05
Lateral meniscus of triangular shape 100.0+0 100.0+0 80.0£17.9 >0.05
Anterior cross-shaped ligament is undamaged 28.6+17.1 50.0+11.8 40.0+£21.9 >0.05
Posterior cross-shaped ligament is undamaged 28.6+17.1 44.4+11.7 20.0+17.9 >0.05
Medial collateral ligament is undamaged 71.4+17.1 100.0+0 100.0+0 >0.05
Lateral collateral ligament is undamaged 57.1£18.7 55.6+11.7 80.0£17.9 >0.05
Own ligament of patella is undamaged 28.6£17.1 44.4+11.7 20.0£17.9 >0.05
Tendon of the four-head muscle of the thigh is not 4294187 5564117 60.0421.9 ~0.05

damaged

Hoft’s body is not enlarged 42.9+18.7 55.6+11.7 80.0+17.9 >0.05
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The analysis of the anatomical building of the structures of the knee joint does not reveal the
significant difference in their macrostructure and MR-characteristics among the groups compared by
profession, work experience and X-ray image (with the exception of damaged medial meniscus).This
may indicate a lack of diagnostic effectiveness of the MRI technique, and indicates the need to use more
accurate methods to detect changes in the initial stages of DA, for example, cartilage diagram (Fig. 3).

It is found that in all of the investigated patients time of T2-delay exceeded the limit norm:
at least in two analyzed areas simultaneously in 26 patients (86.7+6.2 %) changes are diagnosed in
all five studied zones.

a b

Fig. 3. T2-weighted image of the jointcartilageof medial hypertrophy of femoral bone in the
sagittal plane in the patient M., miner, 34 years old, work experience in the MSMM profession is
16 years, with osteoarthrosis of the knee joint: a — of the Ist stage with standard image;

b — using the method of the cartilage diagram (the initial damage ofcartilage surface of the joint is
detected only on the cartilage diagram — increase of relaxation time (red dots))

In the analysis of the received MRI cuts in T2 mode the signal of pathological intensi-
ty from the bone marrow of the hypertrophy of the femur and tibia met only in one-fifth of the
miners (20.0£7.3 %, n=6), equally in both studied groups: 20.0+8.94 % in the MWBF group and
20.0+12.7 % in the MSMM group.

In both groups, it was determined that the highest average indicator of time delay of T2-relax-
ation was observed in the zone of hypertrophy of the femur. In particular, in the medial hypertrophy
of the femur in the MWBF group the average time of T2-delay was 60.9+£2.3 ms, which was 1.2 more
(p<0.05), than in the areas of the hypertrophy of the tibia. This indicates the presence of more sig-
nificant superficial, transmural and deep linear changes of hypertrophy of the femur compared to
the tibia with DA of professional etiology. Similarly, the highest average indicator of time delay of
T2-relaxationin the MSMM group was recorded in the area of the lateral hypertrophy of the femur —
66.7+£3.3 ms.At the same time, there is no statistically significant difference between the respective
indicators in the two investigated groups of miners (p>0.05). The detailed characteristics time delay
of T2 in cartilage tissue, measured in patients with DA of the knee joint, are presented in the Table 3.

Table 3
The indicators of average maximum time of T2-relaxation of cartilages of the knee joint with DA (M+m, ms)
Anatomic area of the cartilage of the knee joint Norm Total (n=30) MWBF (n=20) MSMM (n=10)
Medial hypertrophy of the femur Up to 40 62.5+0.3 60.9+£2.3 65.7+1.1
Medial hypertrophy of the tibia Up to 40 54.5+0.6 51124 61.3£9.3
Lateral hypertrophy of the femur Up to 40 62.6+0.4 60.5+2.5 66.7+3.3
Lateral hypertrophy of the tibia Up to 40 53.1£0.3 50.1+1.9 59.242.9
Zone of patella Up to 35 54.3+0.5 55.7+3.2 51.4+4.4
8
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Thus, when comparing the data of the study, it was found that according to MRI data in
patients with AD, on average 3.84+0.4 modified elements of the knee joint were visualized, whereas
4.8+0.1 damaged areas were visualized (p<0.05) during the analysis of the cartilage diagram. Since
the 12 structural elements were provided by the characteristics for the MRI-examination, during
the cartilage diagram — five, then changes were observed in 31.7 % visible parameters for MRI and
in 95.3 % — for the cartilage diagram. The above-mentioned indicates the higher diagnostic effec-
tiveness of the cartilage diagram method compared with MRI for the detection of the damage of
joint structures with DA of professional genesis.

5. Discussion

According to MRI data, in miners of the main occupations with arthrosis of the knee
joint the posterior cross-shaped ligament was most often affected (63.3£8.8 % investigated), in
75.049.7 % MWBF and 70.0+14.5 % MSMM. Damage to this joint structure occurs in long-term
physical labor with excessive force loading kneeling or squatting, which was a typical forced
posture of miners.

The ligament apparatus is an important structure of the joint, which plays a role in the kinet-
ics [1, 2]. The knee joint is represented by anterior and posterior cross-shaped, lateral (collateral),
transverse, patella and between the fibula and tibial ligaments. The anterior cross-shaped ligament
stabilizes the hypertrophy of the tibia and does not allow the knee to move forward, whereas the
posterior - keeps the knee from pathological shift back, the lateral ligaments — the internal and ex-
ternal strengthen the intra-articular capsule of the knee in places of its greatest tension and restrict
superfluous movements [13, 17]. If the ligament apparatus is damaged, stretching may occur in the
knee joint (without disturbing its anatomical integrity), trauma (when the individual fibers are torn)
or break of the ligaments (with a complete break of the bundles of fibers). The causes of damage to
the ligament apparatus can be: sudden sharp rotation of the knee, knee injury when falling or di-
recthit, inflammation and degenerative changes in tendons, caused by the prolonged static loading
to pose kneeling or squatting, what happens when performing work in conditions of limited space
in the mine [18, 19].

According to MRI, on average 3.8+0.4 modified knee joint elements were visualized in
patients, whereas by the cartilage diagram 4.8+0.1 damaged areas were visualized (p<0.05). In
86.7+6.2 % patients in the analysis of the cartilage diagram, changes in all five analyzed areas
were diagnosed. The above-mentioned indicates the higher diagnostic effectiveness of the cartilage
diagram method compared with MRI for the detection of the damage of joint structures with DA
of professional genesis. The obtained results were similar to the results of research by the foreign
scientists [7, 11].

According to the cartilage diagram the most pronounced changes with DA of professional
etiology were noted in the zone of hypertrophy of the femur, as indicated by the indicator of the
average time of T2-delay among all miners up to 62.5+0.3 ms (medial) and 62.6+0.4 ms (lateral).
In MWBEF group the average time of T2-delay was the largest in the zone of medial hypertrophy
of the femur and was 60.9+£2.3 ms, in the MSMM group — in the zone of lateral hypertrophy of the
femur was 66.74+3.3 ms.

These data can be used in the clinic to monitor trabecular changes in the subchondral bone
when osteoarthritis develops.

6. Conclusions

1. Miners of the main occupations with arthrosis of the knee joint are most often affected the
posterior cross-shaped ligament.

2. Miners have more significant superficial, transmural and deep linear changes of hypertro-
phy of the femur compared to the tibia with DA of professional etiology.

3. It was proven that the higher diagnostic effectiveness of the cartilage diagram method
compared with MRI for the detection of the damage of joint structures with DA of professional
genesis.
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4. These results can be used to diagnose initial damages of the joint structures with DA of
professional genesis, as well as the creation of prognostic models for determining the risk degree of
developing of knee joint damage, which will allow to improve the system of personified approach to
diagnostic and preventive measures among working persons in conditions of considerable physical
loading and forced labor posture.
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Abstract

The aim of the research is to determine morphological changes in the area of implantation of the polypropylene mesh
implant and to determine the effect on the integration of the prosthesis of locally introduced adipose tissue and platelet rich plasma.

Materials and methods. The experiment was performed on 36 sexually mature males of the Wistar line rats. The experiment
simulated, studied and quantified local morphological responses and changes in developing in biological tissues that are in contact
with implanted highly porous lightweight (80 g/m2) mesh implant in isolation and also in conditions of local administration of fatty
graft and platelet rich plasma.

Results: Assuming introduction of adipose tissue and platelet rich plasma in the zone of integration of mesh alloprosthesis
under the influence of introduced regenerative cytokines as well as stromal stem cells activated by them there is an earlier activa-
tion of regenerative processes, enhanced angiogenesis which determines the optimal nature of the integration of the prosthesis with
the formation of thin collagen fibers in more early terms minimizing excess peri-prosthetic fibrosis. Isolated introduction into the
implantation zone of fatty suspension determines similar changes that have a slightly less pronounced character. These changes are
quantitatively studied and the results obtained are statistically significant.

Conclusions: Applying a fatty graft together with platelet rich plasma in the area of implantation of the lung polypropylene
prosthesis, there was an accelerated tissue reaction from the integration of the prosthesis.

Mesenchymal stem cells of adipose tissue that is a target for plasma cytokines enriched with thrombocytes have a more
pronounced effect in stimulating reparative processes provided that they are simultaneously administered with PRP compared with
isolated administration without PRP. The use of platelet rich plasma and adipose tissue design has a significant positive effect on local
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