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Przedmowa

W dziejach ludzkosci zdrowie od zawsze stanowito warto$¢, czesto najcenniejsza. Jego znacze-
nie ros$nie, gdy zaczyna go brakowaé, a czlowiek zaczyna si¢ wowczas zastanawia¢ nad sprawami
egzystencjonalnymi, nad tym, co jest prawdziwa wartoscig.

Wspotczesny cztowiek coraz lepiej rozumie, ze zdrowie nie ma charakteru binarnego: jest lub
go nie ma, dlatego nie powinno by¢ rozpatrywane tylko w konteks$cie biologicznym. Rozumie tez, ze
jest dobrostanem, do ktorego trzeba dazy¢ zardéwno w sferze biologii i psychiki cztowieka, jak i jego
relacji spotecznych. Stad tez troska o jego uwarunkowania, leczenie w trakcie choroby oraz konse-
kwencje bycia zdrowym lub chorym sa przedmiotem zainteresowan i badan przedstawicieli wielu
galezi nauki. Dotyczy to zarowno badaczy zwiazanych bezposrednio z medycyng w rozumieniu kli-
nicznym — przede wszystkim lekarzy, pielggniarek, potoznych, fizjoterapeutow — jak tez innych spe-
cjalnosci — psychologow, dietetykow, osob zajmujacych sie aktywnoscia fizyczng oraz wielu innych.
Wynika z tego, ze problem zdrowia — dobrostanu — ma charakter multidyscyplinarny i interdyscypli-
narny, a bedac przedmiotem troski ludzkos$ci, rowniez charakter globalny.

Przestanki te kierowaly projektem majacym na celu przedstawienie badan i pogladow naukow-
cow trzech sasiadujacych ze soba krajow: Polski, Stowacji i Czech. Zdaniem inicjatorow tego przed-
sigwzigcia bliskos¢ geograficzna i kulturowa, a jednoczes$nie niezaprzeczalne réznice stanowiag dobra
motywacje¢ do wymiany wynikow badan, mysli i pogladow.

Wielowarstwowos$¢ problemu zdrowia oraz duze zainteresowanie, przejawiajace si¢ checig
wzigcia udzialu w tym przedsiewzieciu W postaci licznie nadestanych prac, sktonity redaktoréw do
opublikowania monografii w dwdch tomach. W tomie pierwszym przedstawiono prace o charakterze
biomedycznym, w drugim zas uj¢to prace o charakterze psychospotecznym. Podziat ten wynika raczej
z uwarunkowan technicznych niz przy$wiecajacej idei tego opracowania — holistycznego pojmowania
zdrowia.

Redaktorzy
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Foreword

In the history of humankind, health has always been a value, often the most precious. Its impor-
tance grows when it starts to lack, and then oneoften starts to reflect upon existential matters, upon
what is truly valuable.

The contemporary man increasingly better understands that health should not be understood
only in a biological context and is not binary: it is or is not. He also understands that it is wellbeing
that must be strived for, both in the sphere of biology and psyche of man, as well as his social rela-
tions. Therefore, concern for its conditions, treatment during illness as well as the consequences of
being healthy or ill are the subjects of interest and research of representatives of many branches of
science. This applies to both investigators directly related to medicine in the clinical sense — primarily
doctors, nurses, midwives, physiotherapists, as well as other specialties — psychologists, nutritionists,
people involved in physical activity and many others. It follows that the problem of health — wellbeing
is multidisciplinary and interdisciplinary in nature. Being an object of concern for humanity, it is also
global.

This was the rationale behind the project aimed at presenting the research and views of scien-
tists from three neighbouring countries: Poland, Slovakia and the Czech Republic. According to the
initiators of this project, their geographical and cultural proximity, and at the same time their undenia-
ble differences, constitute a good motivation to exchange research results, thoughts and views.

The multilayered nature of the health problem and the great interest manifested in the willing-
ness to take part in this undertaking in the form of numerous submitted manuscripts, prompted the
editors to publish the monograph in two volumes. The first volume presents works of a biomedical
nature, while the second volume contains works of a psychosocial nature. This division results rather
from technical reasons than the original idea behind this venture — a holistic understanding of health.

The editors
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ABSTRACT

Introduction. National Health Registers are the basic source of information about the age and geographical
differences of diseases. They provide a source to identify the gender, survival, disability, mortality, diagnostic
procedures and treatment options as well as information on trends in the selected territory and in a defined popu-
lation group. In addition to epidemiological data, they also provide data on the development of selected clinical
variables, etiology, risk factors, long-term treatment effects, the effects of new or different diagnostic and thera-
peutic procedures etc.

Aim. To present an overview of malignant tumors in the eye globe area, the principle of TNM classification of
eye globe tumors based on oncology diagnosis according to ICD 10 No. C69 — Tumors of the eye globe and
adnexa according to data from national oncology registries. Based on available data, we obtained data from re-
ported cases of patients with dg. C69 according to the oncology registries of the USA, Great Britain, selected
countries of Europe (Denmark, Sweden, Finland, and Norway), the Czech Republic and the Slovak Republic.
During the data processing period, in June 2018 we obtained data for the Slovak Republic in detail only until the
end of 2003, in other countries as well as in the Czech Republic up to 2015. Using the available data, descryp-
tions of reported cases of dg. C69 with regard to the time of incidence, geographical incidence, inclusion in cli-
nical stages, age groups, comparison of the situation, the availability of data in individual countries, analysis of
incidence trends, and the regional overview are analyzed.

Conclusions. Regarding our results, we found that the incidence of eye globe tumors in the Slovak Republic
according to the reports is comparable to neighboring countries, but the level of categorization into certain stages
in the reported data is below 50%. Survival in patients with dg. C69 is comparable to other countries. The pro-
portion of clinically defined disease stages is lower in the Slovakian database than in other countries as well as in
the Czech Republic.

Key words: National Health Register, intraocular tumors, extraocular tumors, National Cancer Registry, mali-
gnant melanoma, orbital tumor

Introduction

Selected epidemiological and clinical data on cancer patients are the subject of data collection
and processing into the cancer registry. Data on deceased cancer patients are also part of the cancer
registry.

In the Slovak Republic, the Board of Registers of the National Council of the Slovak Republic
is the expert guarantor of the National Oncology Registry (NOR). The basic mission of the registry is
to keep records of cancer patients from the Slovak Republic, to supplement data on the patient and the
course of his disease (treatment — surgery, radiotherapy, chemotherapy, immunological treatment).
Reporting records shall respect internationally accepted classification systems and schemes (ICDO,
TNM).

The register collects, analyzes and statistically evaluates the incidence of malignant tumors
throughout Slovakia in individual regions and carries out epidemiological analyses. Analyses and
studies capture the distribution, extent and development of cancer diseases as well as deaths from
these diseases in different age groups, and regions. The results of epidemiological studies from the
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register create the preconditions for implementing prevention and intervention programs within na-
tional companies. The cancer registry also participates in international projects and studies coordinated
by European as well as world institutions (ENCR, IARC, IACR). Cancer data in the Slovak Republic
are part of the European and world database on cancer incidence and mortality (GLOBOCAN,
EUROCIM) and are published in international periodicals [1].

The data obtained from the register have the character of medical documentation. The principles
of patient rights protection are applied. The database is not intended for access to individual details of
the carrier of the registered disease. The NOR regularly publishes data on the incidence of malignant
tumors in a yearbook. It is a permanent member of international organizations (IARC, IACR, ENCR).
Since 2012, the European Cancer Observatory (ECO) has been made available to the public. The por-
tal provides easy and fast access to cancer data in up to 30 countries. Thanks to the work of the NOR
of the Slovak Republic, it is possible to find data on cancer diseases from the Slovak Republic on the
international web portal and to compare them with data from other countries [2]. However, data on
patients with orbital and ocular tumors (dg. C69) are not included in the overall outcomes due to the
low incidence and prevalence — the rarity of these diseases.

Legislation of national health information centers

The National Center of Health Information (NCZI) records and processes selected data on the
state of health of the population, as well as enters data on providers (network and activities of
healthcare providers and other organizations) into the database. It collects data on workers, on the
economic aspects of health care, including the financing of health care provided on the basis of health
insurance, and records data on the distribution of medical technology in the network of providers.

The main tasks are activities related to the management, updating and processing of national
health register data. The NCZI provides the data obtained and recorded in the required form, scope and
structure to the Ministry of Healthcare of the Slovak Republic, and further to the Statistical Office of
Slovakia, in addition to the main experts of the Ministry of Healthcare of the Slovak Republic. It also
provides data to foreign users (WHO, OECD, Eurostat).

Tumors of the orbit, eye globe and surrounding structures

Ophthalmological tumors involve a wide variety of processes. The tumors originate both from
intra-ocular structures and from the orbit. They are recorded under diagnosis code C69. Intrabulbar
(intraocular) tumors can be very diverse due to the complexity of the intraocular structures of the ocu-
lar sphere. Intraocular tumors originate from the uvea tissue (middle layer of the eye globe) or the
retina and optic nerve. Malignant uveal melanoma is the most common intraocular tumor in adulthood.
Retinoblastoma is the most common primary intraocular tumor in childhood. Secondary, metastatic
tumors may originate in any malignant tumor of the organism. Oncology reports are most commonly
reported in adulthood for malignant uveal melanoma and in childhood for retinoblastoma [3,4].

Intraocular tumor — malignant melanoma

Melanoma occurs inside the eye globe in its middle layer, the uvea. The uvea consists of the
iris, ciliary body and choroid. Malignant melanoma of the uvea (MMU) threatens not only the organ of
sight but also human life through its growth in intraocular tissue structures. It is, therefore, a serious
problem which the doctor and the patient have to face. The first data on malignant melanoma comes
from Hippocrates. In the 20th century, knowledge from genetics, molecular biology and immunology
contributed to the diagnosis [5].

Primary malignant tumors of the eye globe, according to statistics, account for 3.0-3.5% of all
malignant tumors occurring in the human population and approximately 0.4-0.6% of all eye globe
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diseases and its adnexa (approximately 2—6 cases per 10,000 patients). The incidence of primary pig-
mented tumors in intraocular tissue structures is linked to the uveal tract of the eye globe. Malignant
melanoma of the uveal tract of the eye globe accounts for less than 20% of all malignant melanomas
of the human body, the remaining 80% are skin and mucosal malignant melanomas. More recent work
reports that it accounts for 12% of all melanoma types. In the uveal tract, MMU is most often located
in the choroid (75-85% of cases); about 9-16% of cases occur in the ciliary body and about 6-9% of
cases occur in the iris [6].

The clinical stage in which the tumor is diagnosed is of great importance to the patient not only
because of the treatment that is chosen — radical or so-called "conservative", but it is also important to
determine the patient's prognosis [7].

Currently, the TNM/pTNM classification is available from year 2000 (International Classifica-
tion of Diseases for Oncology, WHO, 2000). The classification specifies in particular the area of the
orbit, lacrimal gland, eyelashes, conjunctiva, uvea and retina. TNM-classification of malignant tumors
is intended to help determine the prognosis in the clinical treatment plan. It is used to evaluate the
treatment results. It clarifies the awareness among individual therapeutic centers and contributes to the
ongoing research on cancer. Diagnostic problems are associated with MMU of small and sometimes
medium size, respectively in recognizing the early stages of tumor development [6].

When intraocular malignant melanoma of a small size (or medium size) is found, there is
a much broader choice of therapeutic procedures with preservation of the eye globe and at the same
time a better prognosis for the patient's life. At present, treatment involving intervening procedures is
fundamentally used to target MMU, eventually the affected area of the tissue structures of the eye
globe. For the topical application of ionizing radiation — brachytherapy — beta and gamma emitters
enclosed in special applicators are used. Other methods in special cancer centers are stereotactic radio-
surgery, the Leksell Gamma Knife or treatment in proton centers. Thus, it is also possible to treat pa-
tients with multiple tumors at the same time and the treatment procedures of radiosurgery, microsur-
gery or endovascular procedures can be combined and supplemented [8].

Material and methods

From the available sources, we obtained data of reported cases of patients with dg. C69 from the
oncology registries of the USA, Great Britain, selected European countries (Denmark, Sweden, Fin-
land, Norway), Czech Republic, and Slovak Republic.

Detailed data up to 2003 were available in the Slovak Republic in June 2018; in other countries
and in the Czech Republic data until 2015. From the available sources, descriptions of reported cases
of dg. C69 were available according to the time of incidence, geographical incidence, classification
into clinical stages, and age groups. Comparisons of the level and availability of data in individual
countries, analysis of the incidence trends, and a regional overview are reported.

Results

We obtained the data from available databases published on the web portals of individual coun-
tries.

Evidence of eye globe and orbital tumors dg. C69 in the USA

Current data on the incidence of tumors in the eye and orbital area in the USA from 1975 to
2015 are available. The incidence ranges from 0.7 to 1.2 per 100 000 inhabitants.
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Fig. 1. Incidence of eye globe and orbital tumors in both sexes in the USA from 1975 to 2015 [9].
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Fig. 2. Incidence of eye globe and orbital tumors by sex in the USA from 1975 to 2015 [9].

When analyzing the data by sex, there are no significant differences in individual years.
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Fig. 4. Mortality in patients with incidence of eye globe and orbital tumors by sex in the USA from 2000 to 2015 [9].
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Fig. 5. Long-term mortality results in patients with eye globe and orbital tumors by sex in the US from 1975
to 2015 [9].
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Fig. 6. Mortality in patients with incidence of eye globe and orbital tumors by age group and sex in the US
from 2000 to 2015 [9].
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Fig. 7. Survival in patients with eye globe and orbital tumors by sex in the US from 2000 to 2015 [9].

In the US from 1975 to 2015 the incidence of eye globe and orbital tumors is stable, has no ten-
dency to increase and the mortality rates are stable. The age structure is stable.

Evidence of eye globe and orbital tumors dg. C69 in the UK

Eye globe and orbital tumors are relatively rare and are not among the top 20 malignancies in
the UK, as well as account for less than 1% of all newly diagnosed cancers per year. This situation is
the same for both males and females. Of the total number of cancers of the eye globe and orbit, 53%
occur in males and 47% in females. The incidence of eye globe and orbital tumors in the standardized
population in Europe by age (European age-standardized [AS] rates) is approximately the same in the
UK and Northern Ireland [10].

Eye globe and orbital tumors are most common in the elderly population, with an average of
one quarter of new cases (23%) in the population over 75 years in the 2013-2015 period [11,12,13].

The age-specific incidence is higher at the age of 0—4 and 5-9 years (retinoblastoma incidence)
and then increases only in the age groups of 45-49 and over and the highest values are over 85 years
for males and over 80 years for females. Nevertheless, the incidence between genders is very similar
with no significant difference in any age group.

The graph below shows the average incidence of new cases and the age-specific incidence per
100 000 inhabitants in the UK in 2013-2015.



14 Zdrowie czlowieka w ontogenezie. Tom |. Aspekty biomedyczne

Male Cases Female Cases == Male Rate
e Female Rate

50 Z
T
@O
>_
$ 50 4
o
w
@ s o
et
O 40 8..
= o
i) [
= 2 =
'lc—’ 30 g
o @
0 2 @
g 20 &
=
& 1
o 10
@
=
=< .82 B B B B =B B = 82 B B =2 =

0

i) <5

i Bo, dg, o, Y9, Sy, Sy, 8y, 8¢, T, Ay, dp, dg, S,
@ bg‘g ‘b?‘g 4}'?19 "‘G‘_?g !qu "‘G % "O&g 4}@ 'b

b2y o3 sy 05y sy ey ey Py oy
Age at Diagnosis

Fig. 8. Average incidence of newly reported eye globe and orbital tumors in the UK by gender and age [13].

According to Oncological Register data in the UK and compared to the standardized European
population, the incidence in males increased by 14% in the UK compared to 1993-1995 and 2013-
—2015. The incidence rates were similar for both males and females.
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Fig. 9. Incidence of eye globe and orbital tumors in the UK by gender, 1993-2015 [13].
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The following chart shows the overall incidence and values for each gender in the UK between
1993 and 2015. It can be stated that the incidence is relatively stable in the period from 1993 to 2015
for both genders and age groups. In the age group 0-24 years the values stabilized, though in the age
group 25-49 years they increased by 36%; in the age group 50-59 years they were stabilized; in the
age group 60-69 years they increased by 27%; in the age group 70-79 years they remained stable and
also in the age group over 80 years for both males and females.

The following graph shows the incidence rates in age groups, 1993-2015.
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g. 10. Incidence of eye globe and orbital tumors in age groups in Great Britain in 1993-2015 [13].

The incidence is the same for both males and females with no significant differences.

In the monitored period the highest incidence was recorded in the area of the choroid, with up to
60% of tumors (malignant melanoma) coming from this area. From the retina there were 7% of tumors
(retinoblastoma). Conjunctival tumors accounted for 9%, cornea tumors less than 1%, and ciliary body
tumors 7%. Orbital tumors accounted for 5%, adnexal tumors 10%, and lacrimal gland tumors 2%.
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Fig. 11. Incidence of eye globe and orbital tumors in the UK by anatomi-
cal location in both males and females 1993-2015 [13].

Evidence of eye globe and orbital tumors dg. C69 in Skandinavian countries (Denmark, Swe-
den, Finland, Norway)

Evidence of eye globe and orbital tumors — Denmark

In the period from 2011 to 2015, 46 newly diagnosed eye globe and orbital tumors were recor-
ded annually in males and 47 in females in Denmark. Eye globe and orbital tumors accounted for
0.2% of all cancer cases. Eye globe and orbital cancer deaths accounted for 0.1% of all cancer deaths.

The evidence of eye globe and orbital tumors in Denmark has been recorded since the 1950s
and does not show rising incidence trends in recent years.
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Fig. 12. A) Incidence of eye globe and orbital tumors in Denmark in 1950-2010, B) Standardized values in

both

males and females by age in 1950-2010, C) Incidence by age groups in 2011-2015, D) Mortality by age groups

in 20112015 [14].

Evidence of eye globe and orbital tumors — Sweden and Finland

Between 2011 and 2015, 71 cases of newly diagnosed eye globe and orbital tumors were reported
annually in males and 59 in females in Sweden. Eye globe and orbital tumors accounted for 0.2% of

all cancer cases. Eye globe and orbital tumors deaths accounted for 0.1% of all cancer deaths.
Between 2011 and 2015, an average of 18 newly diagnosed eye globe and orbital tumors were re

cor-

ded annually in males and 13 in females in Finland. Eye globe and orbital tumors accounted for 0.1%
of all oncological diseases. Eye globe and orbital tumors deaths accounted for 0.1% of all cancer

deaths.
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Fig. 13. A) Incidence of eye globe and orbital tumors in Sweden in 1960-2010, B) Standardized va-
lues in both males and females by age in 1960-2010, C) Incidence by age groups in 2011-2015,
D) Mortality by age groups in 20112015 [14].
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Fig. 14. Incidence of eye globe and orbital tumors in Finland in 1955-2015 in both males and
females [14].



A. Furdovd et al.: Epidemiology of intraocular uveal melanoma in 21% century 19

@ Finnish Cancer Registry 2018-07-27

1.25

RN N W‘ A

0.50 v ‘

0,25

Rate per 100,000, age-standardised (world standard population)

%) Q 5 ) ] Q \a) P 5 ) e Q )
] o o A N @ & ) Q Q N N
N N N N N N N N N N S o P

Sex — Male — Female

Fig. 15. Incidence of eye globe and orbital tumors in both males and females in Finland in 1955—
—2015 calculated as “world standard population” [14].
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Fig. 16. Incidence of eye globe and orbital tumors in both males and females in Finland in 1955-
—2015 calculated as "standardized age" [14].
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Fig. 17. A) Incidence of eye globe and orbital tumors in Finland in 1960-2010, B) Standardized va-
lues in both males and females by age in 1960-2010, C) Incidence by age groups in 2011-2015,
D) Mortality by age groups in 2011-2015 [14].

Evidence of eye globe and orbital tumors — Norway

The incidence of eye globe and orbital tumors has been documented in Norway since 1960 and

data until 2015 are available. The incidence is from 0.4 to 1.4 with a progressing trend but a slight
decrease has been observed in recent years.

In the period 2011-2015, an average of 34 newly diagnosed cases of eye globe and orbital tu-

mors were recorded annually in males and 37 in females in Norway. Eye globe and orbital tumors
accounted for 0.2% of all cancer cases. Eye globe and orbital tumor deaths accounted for 0.1% of all
cancer deaths.
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Fig. 18. A) Incidence of eye globe and orbital tumors in Norway in 1960-2010, B) Standardized va-
lues in both males and females by age in 1960-2010, C) Incidence by age groups in 2011-2015,
D) Mortality by age groups in 2011-2015 [14]

Evidence of eye globe and orbital tumors according to code dg. C69 in the Czech Republic

In the Czech Republic, the Oncology Registry is currently also available to the professional
public as part of a project for a web portal on cancer epidemiology in the Czech Republic, SVOD [15].

Eye globe and orbital tumors have been recorded in the Czech Republic since 1977 and data
until 2015 are available. A total of 3514 diagnostic reports of C69 were analyzed in this period.

There is no significant increase in the incidence of tumors in the eye globe and orbital area in
the Czech Republic.

The incidence and mortality of a given diagnosis in individual regions reflects the regional risk
of tumor incidence itself, but is also influenced by other factors such as differences in the population
demographic structure across regions.

The clinical stages are determined based on the TNM classification valid at the time of patient
diagnosis. The development of clinical stages over time shows the actual situation in the population,
but it is also influenced by the way the tumor is diagnosed, monitored and registered (mainly in terms
of completeness of data).
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Fig. 19. Time development of incidence and mortality in the Czech Republic 1977-2015 [15].
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Fig. 20. Time development of mortality/incidence index (ratio of deaths per diagnosis to new cases) —

comparison between males and females [15].
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Fig. 21. Age groups of patients 1977—-2015 [15].

The data displayed is significantly influenced by gradual changes in TNM tumor classification
metho-dology. The following changes in TNM classification have been gradually introduced in the
history of cancer patient registration: 1976-1981 Il TNM edition, 1982-1994 I1l TNM edition, 1995—
—2000 IV TNM edition, 2nd revision, 2001-2004 V TNM edition. When interpreting data, it is also
important to consider these facts.
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Fig. 22. Representation of clinical stages of dg. C69 in the Czech Republic [15].
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Evidence by clinical stages has increased significantly in recent years. Since 1995, more than
half of the reports in the Czech Republic have reported the stage of the disease in more than 50% of
the monitored diagnoses.

Evidence of eye globe and orbital tumors according to code dg. C69 in the Slovak Republic

When analyzing the data in July 2018, we only had statistically processed data from Slovak
Republic until 2003. The data from the yearbook are available as individual figures only after 2009,
but for dg.C69 detailed data from the Slovak Republic are not currently available.

Data from 1.191 patients’ records with dg. C69 were analyzed in the 1978-2003 reporting pe-
riod in the Slovak Republic. When monitoring the incidence of dg. C69 in the Slovak Republic
according to the NOR of the Slovak Republic outputs, the incidence ranged from 0.4 to 1.0 in the
monitored period. When comparing the incidence of dg. C69 in the Slovak Republic between 1978
and 2003, we did not find a significant increase. In the reporting period 1978-2003, data were ana-
lyzed from 134 patients who died due to this illness. The mortality ranged from 0.5 to 0.3 per 100 000
inhabitants.
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Fig. 23. Malignant neoplasm of eye globe and adnexa in Slovak Republic — development 1978-2003 [16].

Within individual regions of the Slovak Republic the incidence of dg. C69 in the regional sur-
vey and conversion to the world standard for the period 1996-2003 ranged from 0.66-0.70 to 0.81—
—0.85. When comparing the incidence of the observed diagnosis in individual regions of the Slovak
Republic and recalculated to the world standard, we recorded the highest incidence in the regions of
Eastern Slovakia (or southern regions of the Eastern Slovak region), where the incidence was on ave-
rage up to 0.85, while in the Bratislava region it was only 0.66.

The incidence rates compared to 1978 ranged from 2.0 in 1997 to 27.0 in 1985. In the period
1978-2003, the incidence rate increased each year, with the only exception being 1980, when the va-
lues were negative. The values from 1980 increased in each reference year but do not show a conti-
nuous increase in the interval. The scattering in the interval is very wide [16].
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The number of reports, or the percentage of reports, that did not have a defined stage of the di-
sease since 2000 still exceeds 1/4 of the total number of reports. In the analysis of the development of
clinical stages, from the year 2000 it can only be expressed in a proportional representation, with more
than 40%, respectively up to 50% of the reports did not have a well-defined stage of the disease. First-
stage and second-stage disease predominated, and reports of newly diagnosed disease in stage 4 were
also reported.

Regarding clinical stages, more than 89% of the reports did not have a specified stage of the
disease; it was stated as "unknown". In the reporting period 1978-2003 up to 89% of cancer reports
did not contain a basic indication — classification of the disease regarding the stage. Of the 1191 re-
ports, only 11% of the reports were classified by the stage of disease.

Since 2000, the development of clinical stages has been changing and almost half of the onco-
logical reports with dg. C69 already included disease state data within TNM classification. Neverthe-
less, the values in individual years ranged only around 50% of the reports that were correctly listed
and individual diseases correctly assigned to the stage.
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Fig. 24. Malignant neoplasm of eye globe and adnexa in Slovak Republic — percentage of clinical stages in
1978-2003 [16].

When determining the age structure of the patient population, the highest incidence was recor-
ded in the age category 60—64 years. The second highest incidence was recorded in the 55-59 age
category, and in the 70-74 age category. Retinoblastoma is the incidence of eye globe tumors in the
age group 0-4 and malignant melanoma in the higher age category (adults).
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Fig. 25. Malignant neoplasm of eye globe and adnexa in Slovak Republic — development of clinical sta-
ges — percentage in 1978-2003 [16].

The analysis of the development over time between 1996 and 2003 did not provide sufficient
numbers of data due to the overall low prevalence, incidence and relative disease rarity. In the repor-
ting period from 1996 to 2003, neither the minimum nor maximum incidence rates showed an increa-
sing or decreasing trend.

The data from the Slovak Republic for the subsequent period are not available.

Discussion

In the Slovak Republic, for example, the incidence of cancer has already exceeded 26,000 new
cases per year, although ophthalmic cancer accounts for a relatively small percentage of the total num-
ber of cancer cases; the consequences for the patient after treatment of a tumor in the eye globe area
are severe. The issue of cancer affects practically all inhabitants. The National Cancer Program as
a Strategic Document versus Health 2020 is an opportunity to improve cancer care in the Slovak Re-
public. The National Cancer Program for 2018-2020 consists of two basic domains. It is a strategic
document of cancer control in the Slovak Republic [17].

Cancer screening programs (in particular: colorectal carcinoma, cervical cancer, breast and oral
cancer) should be implemented and extended to selected population groups according to valid interna-
tional evidence-based recommendations by applying NOP. National screening programs for cervical
cancer, colorectal cancer and breast cancer should be implemented as quickly as possible. The acquisi-
tion of data for analysis is only possible through comprehensive databases of health registers. When
comparing the Slovak Republic with countries such as the USA, Skandinavian countries, but also the
neighboring Czech Republic, increasing high-quality cancer screening and early cancer detection in
the field of ophthalmology in Slovak Republic is a priority, as unfortunately the evidence is currently
insufficient and incomplete. In the case of suspicion or doubts in the basic diagnosis, in any case,
a consultative examination at the relevant higher ophthalmological department, i.e. in a specialized
ophthalmic oncology center, witha comprehensive approach to cancer treatment, can also be realized.
In the field of ophthalmic oncology, ongoing monitoring of patients with dg. C69 is important; fol-
low-up is required for each patient for more than 5 years since cases of primary disease recurrence and
distant metastases after more than 15 years are described [4].
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The analysis of dg. C69 reports from the NOR of the Slovak Republic stresses the importance of
monitoring the fulfillment of reporting duties at the level of individual hospital facilities so that the
data correspond to the reality of the disease incidence. The currently available data after 2003 in the
Slovak Republic are practically useless for scientific work. In the Czech Republic, the availability of
data is significantly better; the breadth of processing within reporting is better formulated and the
available data are up to six years more current than in the Slovak Republic.

Given the relatively small region of the Slovak Republic, the reports of small numbers of newly
detected intraocular tumor cases are only a few dozen cases per year. Reporting all individual data,
recording and registering each individual patient, is very important. With such a small number of ana-
lyses, misinterpretation of data may occur, and special procedures for analyzing small data sets must
be used for analysis and statistical processing [8].

Comparison of the incidence and mortality data in Europe has contributed to the division of
Europe into western and eastern regions to the detriment of the eastern part. Although the Slovak Re-
public is not a country with insufficient technical and methodological equipment in cancer facilities,
there are still many areas that have not been addressed and their insufficient funding leads to stagna-
tion and prevents further development in cancer control. The causes of these deficiencies are partly
known, but the current lack of interest of the relevant actors seems to prevent the necessary change in
the cancer control strategy in the Slovak Republic [18].

The development of cancer incidence and mortality over time reflects, in addition to the situa-
tion itself, the effects and factors related to tumor monitoring and registration (changes in diagnosis,
changes in tumor classification, changes in reporting and registration, and the like). When interpreting,
it is important to take these facts into account, and the Slovak Republic clearly lags behind in the
register of tumors (not only eye globe and orbital tumors) compared to other countries.

At present, there is a lack of a comprehensive view of an ophthalmologic patient in Slovak Re-
public, who, in addition to the treatment process, plays a significant role in determining the quality of
life of the affected individual and his/her family. The basic requirement is to provide oncology institu-
tions with psychological services, which are of enormous importance in addressing deficiencies in
physician-patient communication and in addressing the number of serious problems that may negate-
vely affect the course of the treatment process.

In the case of ophthalmic oncological patients with an orbital or intraocular tumor, in a large
percen-tage, especially in advanced stages of the disease, visual organ function is lost. In some cases,
after treatment (surgical exenteration of the orbit) the patient has to cope with serious cosmetic de-
fects, which cause significant psychological as well as socio-economic problems [19,20].

Conclusions

From the results of our analysis of the databases of selected countries in Europe and the USA in
the detection of cancer and eye globe diseases, we found that the level of availability and evidence of
database analysis of the results of cancer and eye globe cancer reports in the Slovak Republic com-
pared to the US and countries in Europe are very low, the availability of databases for the professional
public (for example NOR on the Slovak Republic website) is currently unavailable and therefore we
cannot even currently compare the results of eye globe and orbital tumor analyses with other countries.
In the available databases of the Slovak Republic, already considerably outdated, the percentage of
unclassified stages of the disease is more than 89%, which at present does not correspond to the trends
of cancer registries in the world. The time delay of statistically processed data in the Slovak Republic
is significant compared to the USA, Great Britain, but also to Skandinavian countries and the Czech
Republic.
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ABSTRACT

Violence and child accidents have a negative impact on a child's healthy development. In this publication, vio-
lence is presented both by the CAN syndrome (Child Abuse and Neglect) and by statistics of accidents and their
consequences, based on the authors' own publications as well as international ones. These aspects have a strong
effect on the child's development, perceived within the social determinants of health. The aim of the study is to
emphasise the consequences and possibilities of preventing mental and physical violence against children as well
as child accidents, based on secondary analysis of national and international professional literature and laws. The
findings indicate the necessity to introduce purposeful and broad preventive measures that would reduce these
undesirable social phenomena.

Key words: CAN syndrome, child accidents, determination of healthy development, consequences, prevention

Introduction

Violence and accidents influence the development of a child. It can be said that they determine
the health of the young population. They constitute a complicated social problem that is on the rise,
especially in the area of mental and physical abuse. This issue affects several areas of social health
determinants that include the early period of life — childhood, future career, socialisation, in addition to
stress, social support, the social gradient concerning education, a loss of the feeling of safety, family
difficulties, as well as health and its development. The CAN syndrome can also affect the mental state
of children. The early period of life predetermines the child's health development in adulthood. There-
fore, the care of pregnant mothers with small children is essential.

Definitions of selected forms of violence: Child abuse and neglect syndrome (CAN)

The CAN syndrome contains three forms: the syndrome of an exploited, neglected and abused
child [1].

Physical abuse is physical violence aimed at a child, including wilful poisoning or strangling of
a child, and cases of, for example, scalding, drowning, etc. [2,3].

Bullying is a social disorder in relationships in a group where the relationship of the aggressor
and the victim plays a role, when abusing the other brings satisfaction in the form of power over
another person. Bullying has five development stages: ostracism, toughening up manipulation, nucleus,
silent majority and the perfect bullying image [4].

Corporal punishment of a child is any punishment in which physical force is used and inten-
ded to cause some degree of pain or discomfort, however light (as defined by the United Nations
Committee). Corporal punishment using an object, aimed at a sensitive part of the body, or leaving
marks on the child's body, is child abuse [3,4].

Mental abuse includes such behaviour of an adult that has a serious negative impact on the
emotional and behavioural development of the child. Emotional abuse can be in the form of verbal
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attacks, recurring humiliation or rejection of the child. Exposure to stressful situations in the family,
participation in family conflicts, forced isolation, suppression of the child, creating situations where
the child is almost constantly afraid, exposure to long-lasting life insecurity, cause emotional harm.
Unreasonable ambitions of the adults in the family and family dysfunctions often lead to persistent
attacks on the child. Children can also be emotionally abused by other children, often before they
reach maturity (e.g. in a group of children, between siblings, etc.) [2,5].

Emotional abuse is characterised by rejecting the child, ignoring him or her, terrorising and
isolating the child [1].

System abuse (secondary humiliation) is caused by the system that was created to help and pro-
tect children and their families. The child is denied the right to information, the right to be heard, the
child is wrongfully separated from his or her parents, from contact with the judicial system (delayed
hearings or harming the child with the experience suffered as a witness), withholding the parents' right
to information about the child and participation in the decision-making process whenever it is for the
child's good, insufficient services to help an exploited or abused child [6].

Sexual abuse. It includes any sexual touch, intercourse or exploitation by any caretaker of the
child, or by anyone who abuses the child. Such a person can be a parent, a relative, a friend, a profes-
sional worker or volunteer, or a stranger [2]. Sexual abuse can be contact and non-contact. Non-
contact se-xual abuse includes, for example, meeting exhibitionists and participating in sexual activi-
ties where no physical contact is made, for example, showing the child pornographic images. Contact
sexual abuse includes sexual contact, including touching nipples and genitals, intercourse, oral or anal
intercourse. Regarding children who are in danger of sexual abuse, gender usually does not play a role
in case of the youngest children. From the preschool age, it is mostly girls, the following being espe-
cially at risk: — 1. girls with noticeably female features, delicate, plump — 2. girls that are coquettish,
like to cuddle, “seductively” female. Sexual abuse is extremely traumatising for a child, it creates
a negative emotional reaction (such as aversion, fear, anxiety), changes the child's self-assessment as
well as their view of the world (the child experiences feelings of shame and guilt, humiliation, inferio-
rity and powerlessness) and it affects the child's behaviour. The gravity of the consequences of
sexual abuse is greater the younger the child is, the longer the abuse lasts, the more abnormal reaction
the abuse elicits (considering the age), and the less support the child gets from other family members
[6]. The consequences of sexual abuse are most obvious in the emotional area. Abused children react
with their feelings; they are often anxious, insecure and manifest a greater fear in relations with
people. They lose their fundamental feeling of trust in the safety of the world. As a result, the child's
curiosity and motivation to perform well are reduced due to the fear and anxiety. Sometimes, such
children become so emotionally inhibited that they are not able to use and further develop their abili-
ties. This can lead to failure at school that is not caused by a lack of intelligence. Abused children have
a worsened self-assessment and low self-worth. They suffer from feelings of shame and guilt. The
burden related to the abuse may lead to post-traumatic stress disorder and the syndrome of sexual
abuse adaptation. Trauma can also occur in the case of recurring questioning [2,7,8].

Commercial child sexual abuse is defined as sexual exploitation of a child for money or re-
ward. There are three forms: child prostitution, child pornography and child trafficking [8,9].

Child labour exploitation. Children under the age of 15 are used for the worst jobs, especially
hard labour, night labour and jobs in environments that threaten the emotional, social and health de-
velopment of the child. Attention should be paid to the show business environment [10].

Neglect is understood as any lack of care that causes serious harm to the child's development, or
that puts the child at risk. Neglect can be physical, emotional or educational. In relation to the level of
neglect, we distinguish between serious neglect that directly endangers the child's health and life
(especially neglecting appropriate nutrition and medical care) as well as general neglect that also
includes insufficient protection of children against the harmful effects of social pathologies (alcoho-
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lism, criminality, drug addiction). The children who are most likely to be endangered are: 1. Children
who are not very active, who are slow, not very “lively”, who do not demand and attract attention;
2. Children who are mentally retarded, who have sensory disorders, mobility restrictions, “disabled”
children in whom “risk” parents easily lose their parenting interest; 3. Children who suffer from so-
matic diseases, who are exhausted, apathetic; 4. Malnourished children, etc. [2,11].

The violence of street gangs, extremist groups or spectator violence is a pathological form of
violence where violence compensates for the deficit of a life programme and boredom; it is potentiated
by crowd anonymity and responds to learned impulses [12].

The delinquent behaviour of children and juveniles means committing offences and criminal
activity. In recent years, the brutality of attackers has increased significantly [13].

Increase in CAN in areas

e Miinchhausen syndrome by proxy — mothers' fable in order to get care allowance, most often in the
area of AES

e Cyberbullying

o Bumplings — recording and documenting anything

o Happy Slapping — making videos

e Grooming — using the Internet to lure children to meetings, to get information, photos and then
blackmail and rape children; the offender is often an IT or university graduate; there are many ca-
ses — the police has a special team

o Naive mothers — they share children's photos and send them to others; the offender is often a friend
of the family and able to get into the house.

Social determinants of health. Determinants are attributes, indicators or factors that are related
to health and illnesses linked to growth and development. Health is a dynamic process influenced by
many circumstances. In this case, it includes violence, deprivation, sexual abuse and other aspects
within the CAN syndrome that directly influence the child’s development. The main list of determi-
nants includes the areas of early childhood, stress, health, physical and mental condition, as well as
future socialization and social support within the consequences [14].

Table 1. Hospitalisation of children in age category of 0-19
due to CAN syndrome

Year
T74 according to MKN-10 2015 2016 2017
35 30 30

Source: Institute of Health Information and Statistics of the
Czech Republic, National Register of Hospitalized Patients.

Forms and consequences of mental abuse and neglect

It is known that people who were abused and neglected in childhood tend to treat their own
children in a similar way. Many parents who commit mental (emotional) abuse have a deprivation
experience from childhood. They are not able to create a reliable emotional environment for their chil-
dren because they have never experienced it themselves. This is a transgenerational transfer of
experience from childhood. In addition to parents, the perpetrators of mental abuse can be other rela-
tives, teachers or care workers [15].

Mental violence aimed at children can have various forms. Kovaiik [15] described six major
types of mental abuse, including injustice, threatening, isolation, exploitation, rejection and neglect.
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The most noticeable forms are: frequent insults, humiliation, mocking, disdain, yelling or recur-
ring outbursts, threatening, provoking fear in the child on purpose, rejection, deprecation, ignoring,
overlooking, blackmailing, manipulation, incessant comparisons with a more successful sibling, or
unreasonable praising of other children, not respecting the privacy of the child (excessive control),
denying praise or acknowledgement, overloading the child with house chores or care for siblings,
making unrealistic demands on the child (in the area of interests, studies, etc., constant dissatisfaction
with the child’s performance), forced isolation (preventing the child from making contact with parents,
friends, relatives, etc.), incessant uncalled for blaming of the child, exposing the child to serious do-
mestic conflicts, forcing the child into the role of an adult (a single parent seeks mental support in the
child: demands that the child listen to his or her problems; forcing the child to act as a magistrate be-
tween arguing parents, etc.), unreasonable mental stress in relation to a divorce (involving the child in
conflicts between the parents, using the child as a “witness”, winning over the child and influencing
the child negatively against the other parent, preventing contact of the child with the other parent),
insufficient interest in the child due to a high amount of work (often in spite of a high material stand-
ard in the child’s life), financial rewards for doing chores (the child is not rewarded with a smile, grati-
tude or praise, but with money; the child does not learn that helping one another in the family is natu-
ral); a general lack or complete absence of any manifestations of love for the child (the parent never
smiles at the child, caresses the child, does not touch or kiss the child), understanding the child as
a mere consumer: it is the approach of the consumer society that supports the consumer value orienta-
tion of the child (surveys in Germany revealed that around 75% of decisions when purchasing goods
in shops are made by the children; moreover, it was found that every third child identifies with chil-
dren in advertisements) [16,17,18].

The main risk of emotional abuse lies in the fact that it is hard to recognise in the child’s envi-
ronment. Although it does not leave visible marks, it can have a profound negative impact on the
child’s mental development and also on the child’s personal life and social relationships in adulthood
as a consequence [2]. Naturally, individual dispositions (such as temperament) play an important role.
Some children are more sensitive and responsive than others; one child can be profoundly hurt by
a specific behaviour (such as abusive name-calling), while another child might not be affected much
[18]. The impacts of mental abuse on the child’s experience and behaviour differ according to the in-
tensity, duration and development stage of the child’s personality at the time when such behaviour
occurs [15].

According to Donatova [16] and DiviSova [17], mental abuse brings consequences in the psy-
chosocial area as well as in the child’s behaviour:

o physical, mental or emotional developmental delay,

« inability to learn by experience; the child’s intellectual abilities are not used sufficiently, therefore,
the school performance of such a child is worse than he or she is truly capable of,

e poor vocabulary, a lack of need for communication due to insufficient stimulation and contact with
the mother or another close person,

e emotional blunting, mistrust,

e impulsiveness, affective outbursts,

e conspicuous passivity or aggressive behaviour,

e expressing the worry that no-one loves him or her,

e incessant fear of punishment,

¢ low confidence or unrealistic “bragging”,

¢ inclination to self-condemnation, self-harm,

 unreasonable worries about each new situation,

e neurotic manifestations (nail biting, twisting or pulling out hair, sucking the thumb, etc.),
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e unreasonable response to pain (the child hysterically reacts at the slightest stimulus, or behaves as
if he or she did not feel any pain),

o occurrence of addictions (drugs), eating disorders, depression,

« children are more frequently sick, they suffer more injuries, are more likely to be obese,

e signs of insecurity in relationships with other people or the inability to make and maintain friendly
relationships with other people,

« overall superficial relationships with people, lack of empathy, egocentricity,

o mistrust in relation to adults who try to help or be friends, or excessive clinging to such people and
expressing almost pathetic gratitude for any favour,

e avoiding contact with the family (the child does not spend much time at home, often stays with
a friend, for example),

o considering the reduced confidence and lack of ability to assert oneself, mentally abused children
often become victims of bullying,

o their behaviour creates an adverse impression: they are not popular among their peers or teachers.

People with a deprivation experience are not able to fully use their intellectual prerequisites.
They tend to change jobs or are unemployed. They often work at a lower level than their actual abili-
ties reach. They often become victims of bullying in the workplace.

Deprivation and a deprived child

Deprivation is the most frequent impact of mental abuse, sexual abuse and neglect. Hartl’s psy-
chological dictionary states the following definition of deprivation: it is a “suffering, a loss of some-
thing that the body needs; or insufficient satisfaction of basic needs.” We distinguish between biologi-
cal, cognitive, social and emotional deprivation [19].

Biological deprivation means insufficient satisfaction of biological needs, in this case malnutri-
tion [19].

Emotional deprivation

Every child needs to feel emotional security and safety. This need is usually satisfied by the
mother, who emotionally accepts the child and provides the child with a specific experience of a relia-
ble emotional relationship. If the child is not accepted by the parents, it suffers emotionally, which has
an adverse effect on the child’s psychology. It can lead to emotional deprivation. It leads to a lack of
confidence, security and safety [2,20].

The consequences of emotional deprivation are quite variable. Children react differently to
the expe-rience of mental deprivation in relation to their genetic dispositions and to their primary emo-
tional experience [18].

Emotional deprivation can lead to the following changes in the personality: Emotionally
deprived children do not have good language sensitivity, which is manifested in a strange, less correct
speech composition. There is low spontaneity of speech and deficiency in the social use of speech. The
intellectual capacity of emotionally deprived children does not have to be damaged in a serious way,
but it is often not used to its full potential. There are obvious changes in emotional experience and
relationships to the child’s environment. Emotional deprivation is related to emotional sub-deprivation
which, however, is not as serious, but it is also difficult to determine. It occurs in families without
noticeable pathology where there is excessive criticism and low empathy towards the child.

Mentally deprived children tend to be emotionally blunt, distrustful, sometimes even hostile
and aggressive. They have a low frustration tolerance. In the child’s identity there are two extremes
here: unrealistic “bragging” linked to active defence and considerable self-depreciation [19,21].
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Socialization. The infantile stereotype is typical for the behaviour — the child seems helpless.
Such individuals are insecure, they lack empathy and suffer from egocentricity; they have difficulties
in figuring out their own emotions [22].

Social and cognitive deprivation often occurs in relation to the neglect of the child. The child
does not have enough stimuli and opportunities to learn and so the child’s overall psychological de-
velopment can be delayed, especially in the area of intellectual capacity and socialization. When the
child is considerably neglected, he or she does not have the opportunity to develop appropriately. In
most cases, the longer the child has been neglected from the beginning of his or her development, the
longer the delay will be in his or her development. The delay can be improved when the child gets into
a different environment with enough stimuli for his or her development. The developmental delay
much more affects specifically those components that depend on sociocultural stimuli and less those
that are conditioned by maturing [21].

Children suffering from social deprivation react quite differently, which areusually negative
reactions. These children have problems with interpersonal relationships, are usually assessed as sel-
fish, volatile, moody and full of conflict and they often commit crimes [19].

Mental abuse

Mental abuse can have several consequences in childhood. For example, various types of addic-
tions, eating disorders or depression may arise. The child feels that he or she is not loved by the pa-
rents, constantly underestimates himself or herself and is fearful, or is very aggressive. His or her psy-
chological manifestations are diverse, often unbalanced and variable, and therefore difficult to deter-
mine. In most cases, the child has issues in interpersonal relationships that continue into adulthood and
can last his or her whole life. The difficulties are mostly manifested in relationships with people with
whom the child wants to establish a close relationship, in relation to colleagues at work, and especially
in the relationship with superiors, in whose formal and informal authority he or she can see a reflection
of the parents’ authority. The main symptom is insecurity in relationships. Furthermore, the child
starts to doubt his or her perception of reality; it is easier to blame oneself rather than admit the re-
sponsibility of his or her parents for what is happening to him or her (i.e., mental abuse). In addition,
the child is prone to becoming a victim of mental abuse in other relationships [2,15,18,21].

The impact of violence in adulthood

Such adults are often assessed as selfish, volatile, moody and full of conflict. Sometimes, they
are individuals with a distinct social pathology that might have even been legally punished. It is not
possible to change what the child has been left with. No one can fight heredity but it is possible to
reduce the risks arising from experience. A child that has experienced emotional deprivation can even
be placed in foster care. It is important to be aware of the emotional consequences. Such consequences
last for a long time; some individuals can even suffer from them all their lives [18]. The social deter-
minant of early childhood carries a lifelong burden of the child in other areas. In this case, the conse-
guences even overlap the social determinants of health, i.e. stress, drug addiction, work, unemploy-
ment, the social gradient — education, or social exclusion, and support [14].

Adults with the experience of social cognitive deprivation have various adaptation problems.
They are often not able to manage their social roles at the partnership and parent level appropriate-
ly. Marriage is considered to be a consolidating factor, the ability to live in a marriage is also an indi-
cator of the level of social adaptability. People who live alone have more problems. “Individuals who
are emotion-nally deprived in childhood also have problems coping with a parenting role, they lack the
necessary emotional and social experience, they mostly function on the basis of biological dispositions
(and those can also be problematic because the instinct to care for the offspring did not develop much
in their parents)” [3,23,24].
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Such persons are not able to establish or maintain appropriate partnership relations. They often
do not even have any close person; many of them do not look for any relationships because they are
afraid of further negative experiences. There are also tendencies to become a victim of mental
abuse in other relationships. It is highly likely that they emotionally abuse or neglect their children.
Such people fail in parenting their children, they do not have any experience with appropriate paren-
ting and so they also neglect their children. They do not fit into society and there is frequent social
isolation that might lead to social deprivation again. The consequences of psychological deprivation
(sub-deprivation) can be manifested in adulthood. Sometimes, the consequences are more distinct than
in childhood because an adult person is expected to be much more independent and responsible for his
or her own beha-viour. People with a deprivation experience can have problems in all important areas
of life [18].

Professional fulfilment — the ability to work. Furthermore, it is essential that they accept re-
sponsibility for other people. General social adaptation is a problem of whether or not they will be able
to accept the role of an adult, including the ability to make independent decisions, to be responsible for
their own behaviour and to maintain freedom within social standards [2,16].

The consequences of sexual abuse last into adulthood. The victims of sexual abuse in their
childhood find it very difficult to cope. “The experience of sexual abuse in childhood influences the
relationship of an individual to sexuality also in adulthood”. One of the possible reactions to such an
experience is the loss of sexual inhibitions, which is a result of the violation of sexual taboos in child-
hood. It can lead to sexual indifference, promiscuity or prostitution. The opposite reaction to abuse is
sexual dysfunction. The abuse becomes so traumatic for the individual that he or she links sexual
activity to unpleasant feelings, shame, humiliation and aversion. A sexual phobia can also be created,
which leads to problems in partnerships and there is a high risk of the inability to live in a relationship.
In adulthood, the experience of sexual abuse in childhood leads to feelings of inferiority and worries
about being different to others, and also to social isolation. The victim often accepts an inferior role
that corresponds to his or her reduced self-worth. Girls that were sexually abused in childhood often
face a similar situation in adulthood when they accept partners with similar tendencies as the abusive
father or stepfather. On the other hand, most homosexually abused boys are more likely to become
sexual aggressors. To mitigate the consequences of sexual abuse, it is very important to provide sub-
sequent counselling (???) [2,7,17].

The consequences of abuse in adulthood. Child abuse has serious consequences, which are
also reflected in the lifestyle of an adult who was abused as a child. Two typical behaviours have been
identified: the individual either remains in the inferior position, or rises from the low status after the
expe-rience in the childhood and becomes an aggressor. Accepting the role of an abused child in
childhood leads to a low self-image, low confidence and insufficient self-worth. In adulthood, the vic-
tims suffer from a feeling of insignificance, connected with the willingness to accept worse roles as
well as an unjustly low evaluation. They have become accustomed to their situation and have accepted
it. The experience of abuse leads to loss of the ability to adapt an adequate social orientation and thus
such people have problems with interpersonal relationships. When they do establish a relationship,
they are unable to maintain it. They are often mistrustful and have negative expectations of everything.
Their behaviour can be so submissive that the people around them will be tempted to treat them in
a demeaning way, which only confirms the correctness of their feeling of inferiority. The inclination to
react aggressively can be transferred into the future and become a part of the parenting role [2,16,17].

Generally, “the method that the parent uses in parenting his or her child and relating to the child
more or less corresponds with the method that his or her own parent used.” A weak, defenceless and
dependent child is an ideal object for attack. “Abused children are more likely to become abusive pa-
rents.” When an abused child finds a suitable accepting partner in adulthood, the risk of the reoc-
currence of similar behaviour decreases [18].
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Risk adults

Each person is different but some types of people have tendencies to be abusive. The risk
groups of parents (people) differ by various forms of the CAN syndrome. “Risk parents are parents
who have not managed their power over the child.” Risk adults (usually primary caretakers of the
child) that physically abuse a child are: 1. people with anomalous personality development (psychopa-
thy), especially those with aggressive personality traits; 2. some mentally ill people — alcoholics, drug
addicts — juvenile parents, immature people; 3. people with a special lifestyle. Adults who are likely to
sexually abuse a child are: 1. the closest caretakers of the child as well as persons that are in contact
with the child in the family or outside the family; 2. men suffering from sexual deviations; 3. older
men, cases of dementia or other disorders or illnesses that reduce the control of instinctive behaviour;
4. sexually hyperactive men; 5. alcoholics, drug addicts, etc. The entire environment, not just the indi-
vidual, needs to be considered. They are mostly primary caretakers of the child: 1. mentally retarded
persons who cannot manage to take care of a child — people with somatic illnesses, sensory or mobility
disabilities, the disabled, mentally ill; 2. people who live alone; 3. alcoholics and drug addicts —
young, immature parents, with childish or juvenile interests; 4. people with a life history of deprivation
or sub-deprivation who create a depriving environment for their children; 5. people who live in mate-
rial poverty, the unemployed, homeless, people living on the margins of society; 6. people who are too
involved in other interests, hobbies or obligations, who have too much work [4].

The victims of domestic violence tend to choose partners in adulthood who abuse them psycho-
logically in a similar way to their parents, or on the other hand, they can actively psychologically
abuse their children, partners, etc. Victimisation by other negative social events is more frequent — it is
more likely that victims of mental abuse become victims of bullying in a child collective or mobbing
at work due to low confidence and a reduced ability of self-assertiveness, etc. [6].

Sexual abuse has very serious consequences. The gravity differs in relation to the circumstances
under which the abuse took place. For example, it depends on the duration, whether the child was
abused “only” once or the abuse occurred repeatedly; who the aggressor was, whether it was a close
person or a stranger, etc. If there is a sexually abused child in the family, the structure of the family
roles and the function of relationships change. The act of sexual abuse of a child blurs the transgenera-
tional boundaries that are maintained in functional families. Additionally, the relationships of adult
parents change. Due to the pathological sexual relationships between the adult and the child, unusual
coalitions may be formed. When one social taboo is broken, other social rules can be broken, as well.
It can lead to the isolation of a family that tries to keep its secret, even at the cost of denying social and
legal standards. The consequences of sexual abuse also depend on the mother’s attitude to the situation
in the family. The mother usually is not the main actor but when the abuse is long-term, she usually
learns about it and then her behaviour is decisive. Most mothers are shocked, respond in anger, often
linked with depression, feelings of despair and anxiety related to the future consequences [2,6].

Children at risk

Just as some adults are prone to be abusive, there are groups of children who are more prone to
psychological abuse, sexual abuse and neglect. This group includes children who are difficult to
understand as a result of their “distinction”. It is not easy to understand them and to parent them. There
are also children whose behaviour is tiring, irritating, “annoying’ and exhausting for the caretakers.
Typical examples are: 1. children with mild brain dysfunctions, children who are restless, distracted,
impulsive, “rash”, with noticeable mood swings, etc.; 2. children who are irritable and restless for
other reasons, are angry, but also children who are anxious, who provoke with their “unreasonable”
fearfulness; 3. children who are mentally retarded; 4. children with a slightly reduced intellectual ca-
pacity, who are physically clumsy, cumbersome, the consequences of sexual abuse of a child [2,17].
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Child accidents

Unfortunately, there is no central and complete register of child accidents in the Czech Repub-
lic. However, the Ministry of Health is cooperating with trauma centres on launching such a register
within the National Action Plan of Child Accident Prevention.

Accidents are the most frequent cause of death and permanent disability up to the age of 25.
Every year, more children die as the consequence of an accident than due to all illnesses (including
cancer) together [25].

Traffic accidents most often affect several bodily systems at the same time. A bodily system is,
for example, the head and the brain, the chest and its organs, or the abdomen with its organs. Another
system is the skeleton, with fractures caused by accidents. The injury of several bodily systems directly
threatening life is defined as polytrauma. Fatal accidents are the most serious consequences of acci-
dents [25].

Injuries

Standardized mortality of children

Chart 1 gives an overview of the standardized mortality in Europe in 2016. The Czech Republic
is in the lower half of the ranking (since 2011 mortality has significantly improved due to preventive
programs).
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Fig. 1. Standardized mortality of children at the age of 0—14 due to external causes of death (the
last available data in the year in the given country) [26]. Source: WHO Mortality Database.
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Index of school accidents in 2015-2017

This project co-financed by the European Social Fund, the national budget of the Czech Repub-
lic and the budget of the Capital City of Prague—=ESF helps develop employment by supporting
employment, entrepreneurial spirit, equal opportunities and investments in human resources [29].

Table 11. Development in number of deceased children due to intentional self-harm in age category of 5-19 in
2015-2017 [27]

Age categories

Period 5-9 years 10-14 years 15-19 years 5-19 years

Boys Girls Boys Girls Boys Girls Boys Girls Total
2015 0 0 2 5 14 7 16 12 56
2016 0 0 0 0 26 11 26 11 74
2017 0 0 1 1 28 16 29 17 92
Total 0 0 3 6 68 34 71 40 222

Source: CSO, Medical Statistics, Index of school accidents: number of accidents per 100 children, pupils or
students.

Traffic accidents in children

Table I11. Consequences of traffic accidents involving children in age category of 0-15 in 2015-2017 [28]

No. of Minor Serious Number of traffic Total number
Period Lo L S Killed accidents that involved of traffic accidents

injuries injuries injuries . . .

children in the given year

2015 4,500 2,012 125 18 6,655 93,067
2016 4,844 2,164 141 13 7,162 98,864
2017 5,079 2,158 129 9 7,375 103,821
Total 14,423 6,334 395 40 21,192 1,115,999

Source: Road and Motorway Directorate of the Czech Republic.

Consequences of accidents

Child accidents include not only fractures and bruises; there are many accidents that cause long-
term health issues for children as well as worries and sadness in parents. Awareness of the fact that the
consequences of accidents can be very serious is the first step towards their prevention [30].

Death and permanent disability

200 to 250 children die due to accidents in the Czech Republic every year. Nevertheless, fatal
accidents are only the tip of the iceberg. There are ten further accidents per each fatal accident that
lead to permanent disability: paralysis, loss of sight, hearing, brain damage or scarring. Annually,
about 40 thousand accidents require hospitalization, and about 450 thousand children are treated at
outpatient facilities due to accidents [30].
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An overview of the long-term consequences of injuries

Table IV. Pain and suffering of injured children [31]

Health implications of accidents Psychosocial implications of accidents

Death, irreversible brain damage

Loss of a limb, reduced mobility

Loss of sight, hearing

Scars from burns, scalds, chemical burns
Disruption of somatic development
long-lasting pain

disruption of psychological development

exposure to extreme stress

disruption of family relationships

disruption of social inclusion (scars, deformations)
long-term hospitalization

Naturally, every injury hurts. Nonetheless, every injury also has a considerable effect on the
child's psyche and a serious injury with permanent consequences often prevents the child from retur-
ning to society and fully enjoying life [30].

Accident implications for the family of the injured child

A serious injury to a child also affects its family, both psychologically and economically, as
well as socially. At least one parent has to take care of the child, in the case of permanent disability for
the child’s whole life. The family need special aids, modifications to their dwelling, special care, and
other family members have to adjust to the changed situation [30].

Cost for the entire society

Every injury affects up to 10 people in the child’s environment. In the case of a serious injury or
an injury with permanent consequences, the costs of care reach millions of Czech crowns, which
include surgeries, hospitalization, physical therapy and lifelong care.

Child accidents are very costly and require resources that could be used elsewhere. The losses
caused by child accidents in the Czech Republic amount to about 10-15 billion Czech crowns. The
cost of treating a seriously injured patient is about 1 million Czech crowns; the treatment of semi-
serious burns is about 2 million Czech crowns [30].
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Czynniki egzogenne wplywajace na ksztaltowanie postawy ciala
u dzieci i mlodziezy w aspekcie fizjoprofilaktyki pierwotnej

Exogenous factors influencing posture development in children and youth
in terms of primary physioprophylaxis

ABSTRACT

The paper presents the issues of posture development in a comprehensive and multi-faceted way. It discusses
what factors influence the development of abnormalities within it and explains their importance in physio-
prophylaxis. The paper is a new approach to physioprophylaxis due to a recently established definition. It deals
with modifiable (exogenous) factors and can be a kind of professional guide for physiotherapists, doctors,
teachers and parents. It is also a valuable supplement to the recommendations for patients with posture distur-
bances.

Key words: body posture, behaviors, physioprophylaxis, exemplification, sedentary life

Wstep

Rozwazania naukowe na temat postawy ciata majg swoja histori¢ i obejmujg definicje zmienia-
jace si¢ wraz z postepem wiedzy w tym zakresie oraz nomenklature i klasyfikacje.

Postawa ciata definiowana i postrzegana jest przez naukowcow oraz badaczy tematu réznorod-
nie, m.in. jako sposob trzymania si¢ osobnikoéw w pozycji stojacej, ktory charakteryzuje si¢ optymalna
stabilnoscig posturalng z minimalnym naktadem pracy ze strony uktadu mig$niowego. Postawa jest tez
konsekwencjg rozmieszczenia poszczegdlnych segmentéw ciata w rownowadze statej [1,2,3]. Wska-
zuje si¢ na pewne tendencje czy zachowania posturalne przektadajace si¢ na postawe ciata uznawana
za normatywna, przy uwzglednieniu réznorodnych koncepcji, tj. neurorozwojowej czy psychologicz-
nej [4]. Trudno jest wskaza¢ na jednoznaczng definicje prawidtowej postawy ciata, gdyz przytoczone
przyktady nie prezentujg wzoru prawidtowej postawy, a jedynie méwia o optymalnym jej uktadzie [5].
Charakteryzujace postawe ciata w réznych plaszczyznach normy sg przedziatem liczb wskazujgcych
zakres normatywny. Postawa ciata charakteryzuje si¢ zmienno$cia, indywidualizacja W poszczego6l-
nych odcinkach i pomimo podobienstw utozenia poszczegdlnych czgsci ciata wzgledem siebie, nie
bedzie identyczna u réznych osobnikow tej samej pici i wieku.

O ile definiujac prawidtowa postawe ciata okresla si¢ pewne cechy pozwalajace w do$¢ prosty
sposob okresli¢ nieprawidlowosci w jej obrebie, o tyle doktadne klasyfikowanie ich wymaga szczeg6-
towych badan z wykorzystaniem narzedzi mierniczych (tj. skoliometr, inklinometr, pion i in.) [6],
wykonania wielu testow funkcjonalnych (tj. test Adamsa, Bertranda, Tomayera, Degi, palce—podtoga
iin.) [7], atakze czgsto poszerzenia o dodatkowe badania, np. RTG, TK czy MRI [8,9,10], aby
stwierdzi¢ dysfunkcje na poziomie strukturalnym (np. deformacje krggostupa, tj. skolioza, czy choro-
ba Scheuermanna). Postawe ocenia si¢ w okre$lonych momentach rozwoju ontogenetycznego, okre-
$lajac prawidtowy jej rozw¢j. Nalezy jednak pamigtac o tym, ze zgodnie z koncepcja neurorozwojowa
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to, jak bedzie ksztaltowaé si¢ postawa ciala w wieku przedszkolnym i szkolnym, bedzie zalezato od
czynnikow dziatajacych na nig w pierwszym roku zycia dziecka [11].

Na ksztattowanie postawy ciata beda mialy wptyw rozne czynniki zarowno endo-, jak i egzo-
genne. Niniejsze opracowanie wskazuje jedynie na te modyfikowalne w ramach fizjoprofilaktyki nie-
prawidlowosci w obrgbie postawy ciata, tj. czynniki egzogenne. W tym miejscu nalezy krotko wska-
za¢ na niedawno okreslona role fizjoprofilaktyki w tym zakresie. Fizjoprofilaktyka kreuje i wskazuje
na pewne zachowania profilaktyczne, wykorzystujac roznorodne metody, formy i $rodki fizjoterapeu-
tyczne do zapobiegania zaburzeniom w obrgbie postawy ciata (np. asymetrii, obnizonego napigcia
migsniowego), gdy nie ma mowy jeszcze o zadnych wadach (fizjoprofilaktyka pierwotna), lub do za-
hamowania ich postepu, kiedy je zdiagnozowano (fizjoprofilaktyka wtorna i trzeciorzgdowa) [12].
Roznorodnos¢ czynnikow modyfikowalnych i niemodyfikowalnych ma niebagatelne znaczenie w sze-
roko rozumianej fizjoprofilaktyce nieprawidtowosci w obrebie postawy ciata oraz w przypadku zmian
strukturalnych, jakimi sg deformacje krggostupa (skolioza czy choroba Scheuermanna). Istnieja pewne
wspolne dla ksztaltowania postawy ciata czynniki modyfikowalne w ramach kazdego rodzaju wyzej
wspomnianej fizjoprofilaktyki [13,14].

Modyfikowalne czynniki determinujace rozwdj postawy ciala

Wisréd czynnikoéw, na ktore nalezy wskaza¢ w aspekcie ksztattowania postawy ciala, wyroznia
si¢: mase ciata, jako$¢ spedzania wolnego czasu, korzystanie z urzadzen elektronicznych, cigzar
szkolnego tornistra/plecaka, sposob jego pakowania i noszenia, egzemplifikowanie wzorcéw z otocze-
nia, bledne wykonywanie ¢wiczen, a takze stan psychofizyczny [13,14,15]. Do$¢ istotnym czynnikiem
jest rowniez systematyczne uczestniczenie w badaniach przesiewowych (screening), nakierowanych
na wykrywanie nieprawidtowosci w obrebie postawy ciata. Nadrzgdne znaczenie ma sedenteryjny tryb
zycia, ktory staje si¢ wszechobecnym zjawiskiem obejmujacym kazdg grupe wiekowa, lecz najbar-
dziej grupe dzieci i mtodziezy — pokolenia urodzonego w czasach pelnego dostepu do réznorodnych
urzadzen i internetu. Ograniczenie aktywnosci ruchowej, ktdra naturalnie jest niezbedna do prawidto-
wego rozwoju psychomotorycznego, staje sie przyczyna wielu schorzen. Swiatowa Organizacja
Zdrowia uznata brak ruchu za czwarta przyczyne $miertelnosci wsrdd chordb, ktorych mozna bylo
unikna¢ [16].

Masa ciala

W badaniach naukowych [17,18,19], w tym wiasnych [20], wskazuje Si¢ na niekorzystne
zwigzki nadmiernej masy ciata z pasywno$cia ruchowsg i zaburzeniami w obrebie postawy ciata. Co
piate dziecko w Europie jest otyte, a z raportu UNICEF (2013) wynika, ze w Polsce w ciagu ostatnich
20 lat odsetek dzieci otylych wzrdst prawie dziesieciokrotnie [21]. Dzieci z nadwaga czy otyloscia
zdecydowanie cze$ciej prowadza siedzacy tryb zycia, w poréwnaniu do ich rowiesnikow o prawidto-
wej masie ciata. Sedenteryjno$¢ przyczynia si¢ do czestego unikania réznorodnych form aktywnosci
ruchowej, w tym uczestnictwa w lekcjach wychowania fizycznego. Czesto strach przed wcze$niej-
szym niz u réwiesnikow wystapieniem objawdéw zmeczenia, inny wyglad (w samoocenie — gorszy)
staje sie u dzieci otyltych powodem ograniczenia uczestnictwa w réznych formach aktywnosci fizycz-
nej i sporcie [20]. Konsekwencja zatem bedzie pojawienie si¢ leku przed kazdym wysitkiem nazywane
kinezjofobig [22]. Przeciazenia aparatu ruchu nadmiernymi kilogramami i pasywnos$¢ ruchowa wpty-
waja w efekcie na niewlasciwy rozwdj wzorcow postawy ciala w okresie posturogenezy, szczegdlnie
zmiany te dotycza plaszczyzny strzatkowej, wad kolan i stop. W zyciu dorostym konsekwencje te
przejawiajg si¢ w wystepowaniu dolegliwosci bolowych nie tylko w obrebie kregostupa [23].
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Jako$¢ spedzania wolnego czasu

Czas spedzany przez dzieci uzalezniony jest w duzej mierze od ich rodzicow, a w grupie nasto-
latkéw od wzorcow zachowan wyuczonych przez wiele lat i ich egzemplifikowania w wieku adolo-
scencji. Analiza raportu UNICEF (2013) pod wzgledem procentowego udziatu dzieci 11-13-letnich,
ktore deklaruja codzienne intensywne ¢wiczenia fizyczne trwajgce przynajmniej godzing, przedstawia,
ze Polska plasuje si¢ na 11 miejscu, bezposrednio za Luksemburgiem i Wielka Brytania [24]. Pomimo
dostepnosci informacji na temat zalet 1 potrzeby ruchu, istniejg istotne rozbieznosci pomiedzy postrze-
ganiem przez rodzicow poziomu aktywnosci u swoich dzieci a optymalnym z biologicznego punktu
widzenia poziomem aktywnosci w §wietle zalecen WHO. Badania naukowe na catym $wiecie, W tym
doswiadczenia naukowe wlasne, alarmuja, ze dzieci i mlodziez spedzajg zdecydowanie za duzo czasu
pasywnie, uzywajac tym samym zbyt czgsto i za dtugo réznych urzadzen elektronicznych, rozpoczy-
najac ich uzytkowanie juz w wieku przedszkolnym [25,26]. Wérod preferowanych aktywnosci zauwa-
zalny jest dymorfizm plciowy. Dziewczgta czgéciej wybieraja taniec czy aerobik, a chtopcy gry zespo-
towe, tj. pitke nozna, koszykowke i siatkdwke. Dzieci 5-10 godzin dziennie spedzaja w pozycji Sie-
dzacej, niezaleznie od plci, a wraz z wiekiem wprost proporcjonalnie wzrasta dlugo$¢ przebywania
W tej pozycji. Jest to zwigzane z iloscig nauki szkolnej oraz wigksza niezaleznoscia od 0so6b dorostych.
Istniejg zwigzki pomigdzy poziomem aktywnosci fizycznej rodzicow i poziomem aktywnosci ich
dzieci [14].

Uzytkowanie sprzetu elektronicznego

7 badan wlasnych na duzej populacji pediatrycznej z wojewddztwa $laskiego wynika, ze dzieci
korzystaja z urzadzen elektronicznych $rednio 459,46 minut w tygodniu bez wzglgdu na pte¢ [14].
Podobnie jest w Europie i na swiecie [27,28]. Niestety, powodem zbyt dtugiego uzytkowania np. tele-
fonow czy korzystania z komputeréw/tabletow przez dzieci jest niekonsekwencja rodzicow wobec
podjetych decyzji o limitowaniu dzieciom czasu korzystania z urzadzen elektronicznych.

Nadmierne korzystanie z wszelkich urzadzen elektronicznych wptywa na stan emocjonalny ba-
danych dzieci i moze by¢ przyczyna pewnych zagrozen w tym zakresie. Dzieci uzywaja swojego tele-
fonu komoérkowego stale i bez wzgledu na miejsce: w szkole, w drodze do szkoty, w czasie wolnym,
nie wylaczajac gier, przechodzac np. przez pasy, a wickszo$¢ uzywa w tym celu stuchawek. Badania
wlasne rowniez potwierdzily, ze jedna trzecia dzieci loguje si¢ na portalach internetowych bez zgody
rodzicow. Wskazuje si¢ takze na agresywne zachowania po zakonczonej grze na komputerze oraz na
objawy uzaleznienia [29,30].

Korzystanie z urzadzen elektronicznych, atrakcyjno$é¢ wirtualnej rzeczywistosci i e-learningu
limituje czas poswigcany na wysitek fizyczny, wptywajac na negatywng opini¢ dzieci na jego temat.

Zmniejszenie czasu korzystania z urzadzen elektronicznych nie zawsze bedzie motywowaé
dzieci do spedzania wigkszej ilosci czasu na aktywnosci fizycznej. Sugerowano to w badaniach i ana-
lizach przedstawionych przez UNICEF (2017). Udowodniono réwniez wplyw czasu spedzonego przy
uzyciu technologii cyfrowej na samopoczucie dzieci w trzech wymiarach: psychicznym/psychologicz-
nym, spolecznym i fizycznym. W opinii dzieci i mtodziezy zyski korzystania z wytworéw nowych
technologii sg zdecydowanie wyzsze anizeli straty poniesione z tego tytutu. Nie podejmuje si¢ jednak
interwencji systemowych z uwagi na fakt, iz przeglady literatury i metaanalizy maja teoretyczne i/lub
koncepcyjne ograniczenia metodologiczne, ktore sprawiaja, ze wyniki nie sg do konca poznane [31].

Ciezar szkolnego tornistra/plecaka, sposob jego pakowania i noszenia

Problem przecigzonych tornistrow/plecakow szkolnych dotyczy dzieci na catym $wiecie. W li-
teraturze naukowej stawia sie hipotezy dotyczace wpltywu noszenia plecaka szkolnego na pojawianie
si¢ dolegliwosci bolowych kregostupa oraz wystepowanie asymetrii w postawie ciata u dzieci i mio-
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dziezy. Nalezy wzigé¢ pod uwage ten czynnik w przypadku, kiedy dziecko pokonuje droge do szkoty
pieszo z plecakiem na plecach. Dos¢ popularnym zjawiskiem jest wyreczanie dzieci w wykonywaniu
tej czynnosci przez rodzicow. Reakcja organizmu dziecka na zadane obcigzenia zewnetrzne, jakim jest
plecak/tornister, jest okresowo stata, oddzialuje bezposrednio na dziecko przez dtugi okres nauki
szkolnej, ulegajac statym modyfikacjom (cigzar i dtugosé¢ szelek oraz rodzaj plecaka/torby). Jest fun-
damentem powstawania réoznych mechanizméw kompensacyjnych i adaptacyjnych [13,14,32,33],
powoduje pojawianie si¢ nieprawidtowosci w postawie ciata, dolegliwosci bolowych, np. ledzwiowe-
go czy piersiowego odcinka krggostupa czy przecigzeniowych bolow glowy [13]. Wydaje sie, ze ten
egzogenny czynnik ma istotny wptyw, szczegolnie ze wzgledu na plaszczyzne strzatkowa, na glebo-
kos¢ krzywizn kifozy piersiowej i lordozy ledzwiowej, ktore zostaja zmienione czasowo na skutek
niewlasciwie umiejscowionego plecaka wzgledem $rodka ciezkosci, a takze na przecigzony cigzarem
plecaka/tornistra/torby kregostup.

Plecaki polskich dzieci sa przeciazone, ich cigzar przekracza warto$¢ predyktowang z uwzgled-
nieniem wartosci 10-15% masy ciata dziecka — zgodnie zaleceniami Ministra Edukacji z 25 sierpnia
2009 roku (Dziennik Ustaw Nr. 130 poz. 1130) [34].

Kolejnym czynnikiem determinujagcym asymetri¢ tutowia sg nierownej dhugosci szelki pleca-
ka/tornistra. Dzieci i mtodziez nie dbaja 0 systematyczng kontrole ich dtugosci, za co w duzej mierze
w miodszej grupie wiekowej wspotodpowiedzialni sg ich rodzice. Doswiadczenia z badan naukowych
wilasnych wskazuja na fakt, ze dzieci nie potrafig wtasciwie pakowa¢ swoich plecakoéw, postawa ciata
ulega pogorszeniu w ciggu roku, a parametry posturometryczne zmieniajg si¢ istotnie na gorsze [13].

Brak cyklicznych zaj¢é edukacyjnych opartych na ergonomii, w tym réwniez w zakresie torni-
stra/plecaka szkolnego, pogarsza jako$¢ postawy ciata dzieci w klasach mtodszych, dlatego tez jeszcze
silniej zalezy podkresla¢ znaczenie praktyczne i kliniczne programow, takich jak autorski program
,.M6j zdrowy kregostup” wdrozony w placowkach edukacyjnych na terenie Slaska.

Egzemplifikowanie wzorcow z otoczenia

Codzienne, wielokrotnie powtarzane zachowania, ktorych wzorce (nie zawsze prawidlowe) za-
kodowane sg w osrodkowym ukladzie nerwowym, bedg miaty wpltyw na ksztattowanie postawy ciata
w réznych przyjmowanych przez dziecko pozycjach (stojacej, a takze siedzacej czy lezacej). Im diuzej
nieprawidlowe wzorce beda powtarzane jako konsekwencja dysbalansu migsniowego, tym w wigk-
szym stopniu wyksztalcg si¢ inne mechanizmy kompensacyjne w obrebie postawy ciala, a nastepnie
nieprawidtowosci w jej obrebie.

Egzemplifikowanie, czyli odwzorowywanie, przedstawiono w tym opracowaniu na podstawie
twardych dowodow skutecznosci wieloletniego autorskiego programu profilaktycznego, prowadzone-
go W placowkach na terenie Slaska (m. Katowice i m. Mikotow). Jego gtownym celem byto z jednej
strony skuteczniejsze wczesne wykrywanie nieprawidtowosci w obrebie postawy ciata u dzieci i mto-
dziezy, a z drugiej stworzenie dziatan profilaktycznych obejmujacych czynniki egzogenne (modyfi-
kowalne), ktore moga mie¢ znaczacy wplyw na popraweg ergonomii czynnos$ci dnia codziennego
dziecka w trakcie nauki oraz w czasie zabawy. Wielokrotne powtarzanie wyuczonych ruchéw ma
szans¢ na przebudowanie zakodowanych w osrodkowym uktadzie nerwowym nieprawidtowych wzor-
cow motorycznych. Z uwagi na fakt, ze dziecko w ciggu catego dnia jest pod opieka rodzicow i nau-
czycieli, program podzielono na cztery czgsci.

Czesé pierwsza obejmowala zajecia warsztatowe z dzieCmi w wieku przedszkolnym i szkolnym.
Dzieci i mtodziez zapoznawane byly z budowa i funkcja kregostupa, uczyly si¢ identyfikowac prawi-
dlowe i nieprawidtowe pozycje robocze w trakcie nauki i zabawy. Metody, formy i §rodki prowadzo-
nych zaje¢¢ dostosowane byly do wieku dzieci. Wszystkie dzieci chetnie wykonywaty zadania i z entu-
zjazmem uczestniczyly w zajeciach praktycznych, okreslajac je jako ciekawe i uzyteczne w zyciu
codziennym.
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Czesé druga programu adresowana byta do rodzicow/prawnych opiekunow dzieci. Na zajeciach
o0 charakterze teoretyczno-praktycznym przedstawiono potrzebg wtasciwie dobranego stanowiska ro-
boczego dziecka (biurka i krzesta), kontroli pozycji roboczych (podczas pisania i wypoczynku), prak-
tycznych aspektow treningu zachowan (ergonomicznego sposobu wykonywania réznych codziennych
czynnosci) i gimnastyki funkcjonalnej (wdrazania w zycie prostych ¢wiczen wyréwnujacych deficyty
ruchu i skutki przebywania w nieergonomicznych pozycjach). Wszyscy rodzice byli zainteresowani
cyklicznymi zajeciami, ze szczegdlnym wskazaniem na zajecia w formie praktyczne;.

W czesci trzeciej w zajeciach praktycznych uczestniczyty zarowno dzieci, jak i ich rodzice/opie-
kunowie prawni. Nasladowanie przez dzieci nawykow prezentowanych przez dorostych stato si¢ pod-
stawg wyodrebnienia tej czgsci. Whrew pozorom byla to najtrudniejsza sktadowa programu, gdyz
dorostym czgsto trudno jest przebudowac istniejace, ksztaltowane przez lata bledne nawyki ruchowe.
Taka zmiana przyzwyczajen przez dorostych jest o wiele trudniejsza, glownie z uwagi na potrzebng
relatywnie duza liczbe powtorzen czynnosci wykonanych prawidlowo.

Dla dzieci optymalne z punktu widzenia prawidlowej postawy ciata jest odpowiednie noszenie
tornistra/plecaka szkolnego. Dlatego tez w tej cze$ci poswigcono rowniez czas na nauke pakowania,
zaktadania i noszenia plecaka oraz redukowania zbednych kilogramow, np. poprzez zastapienie twar-
dych oktadek zeszytow migkkimi czy eliminacja niepotrzebnych przedmiotow, a takze dopasowanie
dhugosci szelek plecaka do wymiarow dziecka. Konsekwencje niewlasciwego uzytkowania plecaka
omowiono w licznych publikacjach. Rodzice zadeklarowali ch¢é wprowadzania zamian w zyciu co-
dziennym oraz bardziej aktywnego zwracania uwagi na prawidtowa postawe dzieci i konsekwentnie
realizowali zalecone im zadania. Zdecydowana wigkszo$¢ rodzicoéw miata wplyw na zmiany zawarto-
sci plecaka szkolnego i kontrolg jego noszenia.

Czesé czwarta przeznaczona byla dla nauczycieli pracujacych z dzieckiem w szkole. Dziecko
w wieku szkolnym na etapie edukacji zintegrowanej spedza w szkole okoto 5 godzin dziennie, co daje
25 godzin tygodniowo, a w starszych klasach okoto 35 godzin w tygodniu. Lekcje szkolne odbywaja
si¢ glownie w pozycjach siedzacych, co jest powodem zmeczenia migéni posturalnych, a w przypadku
pozycji nieergonomicznych staje si¢ zrodtem przecigzen statycznych catego uktadu ruchu.

W mysl zatozen pedeutologicznych wspdtczesny nauczyciel powinien by¢ przewodnikiem i do-
radcg ucznia, ale przede wszystkim wzorem do nasladowania. Zadaniem nauczyciela w ramach pro-
gramu byto promowanie aktywnego stylu zycia, organizowanie tzw. przerw $rodlekcyjnych z krotkimi
informacjami (gtéwnie) stownymi, ktore przypominaty o zachowaniach prozdrowotnych prezentowa-
nych i ¢wiczonych w ramach wczes$niej opisanych czgséci praktycznych programu. Nauczyciele w ra-
mach spotkan poznawali zagadnienia zwigzane z postawg ciata uczniow, wykonywali ¢wiczenia od-
cigzajace, rozluzniajace miesnie posturalne. Nastepnie wykorzystywali uzyskang w ramach zaje¢ wie-
dzg¢ w codziennej pracy z uczniami.

Wyniki badan i wnioski potwierdzity stuszno$¢ podjetych dziatan profilaktycznych oraz jego
akceptacje¢ przez potencjalnych uczestnikow. Wazne z praktycznego punktu widzenia, odrozniajace
ten program od innych o podobnych zatozeniach, byto objecie systematycznym, wieloletnim progra-
mem edukacyjnym dzieci oraz ich srodowiska — rodzicow oraz nauczycieli [15,35].

Bledne wykonywanie éwiczen

W tym opracowaniu zostang ujete jedynie aspekty majace zwigzek z tematem gltéwnym, czyli
postawa ciata. Wydawac by sie¢ mogto, ze wykonywanie ¢wiczen z umiarem nie moze by¢ szkodliwe
dla organizmu. Przy czym o wptywie nadmiernej aktywnosci ruchowej na organizm powszechnie
wiadomo, poczynajac od przetrenowania, przecigzen, przez urazy, bigoreksj¢ a na $mierci konczac
[36,37].

Z punktu widzenia fizjoterapeutycznego nalezy zacza¢ od pozycji wyjsciowej do danego ¢wi-
czenia. Wilasciwa pozycja, zapewniajaca ruch w petnym zakresie, gwarantuje spelnienie zamierzonego
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celu, staje sie podstawa prawidtowego oddziatywania ¢wiczenia na organizm. Na przyktad brak za-
chowanych krzywizn kregostupa przy probie nauki poprawnego siedzenia powoduje, ze ¢wiczenie
staje si¢ nieefektywne. Wykonywanie ¢wiczen w siadzie skrzyznym (np. w przedszkolu) przeciaza
gorng czes¢ tulowia, aktywujac zginacze do nadmiernej pracy, co w konsekwencji ustawia glowe
i barki w niechcianej protrakcji. Wymaganie od dziecka przyjecia skorygowanych pozycji, np. pod-
czas lekcji w szkole, wymaga wielokrotnego wczesniejszego przeéwiczenia przed lustrem tzw. umie-
jetnosci przyjmowania skorygowanego uktadu ciata z wykorzystaniem biofeedbacku (lustra, kamera
Z obrazem na zywo), a potem dopiero kontynuowaniem tego ¢wiczenia bez kontroli wzroku w natu-
ralnych warunkach, takich jak szkota.

Niepoprawne wykonanie ¢wiczenia przektada si¢ na utrwalanie btgdnych wzorcow motorycz-
nych, ktore zakodowujg si¢ w OUN. W ¢wiczeniach, szczegodlnie tych nakierowanych na autokorek-
cje, nalezy zwrdci¢ rowniez uwage na ustawienie stop (oparte o podtoze, prawidtowe trojplaszczy-
znowe ich ulozenie) [1,15,35].

Dyskusji nalezy podda¢ ¢wiczenie towarzyszace od najmtodszych lat, tj. przysiad, ktory trakto-
wany jako podstawowe ¢wiczenie na lekcji wychowania fizycznego. Nie jest on doktadnie analizowa-
ny i w zwiazku z tym wigkszo$¢ ucznidéw wykonuje go niepoprawnie (prawidtowa pozycja wyjsciowa
z uwzglednieniem ustawienia stop poprzedza wlasciwy ruch z zachowaniem krzywizn krggostupa oraz
ruchu w stawach kolanowych wzgledem stawow skokowych i stop). Cwiczenia rozciggajace powinny
przebiega¢ z zachowaniem wlasciwego timingu (kolejno$ci) oraz czasu trwania poszczeg6lnych jego
faz (jak np. stretching: napiecie — rozluznienie — rozciaggniecie). Nalezatoby rozwazy¢ réwniez ordy-
nowanie ¢wiczen przecigzajacych kregostup i zastanowi¢ nad sensem ich stosowania. Naleza do nich
tzw. nozyce (aktywujace kompensacyjne przecigzenie odcinka ledzwiowego kregostupa na skutek
dlugiego ramienia dzwigni) czy ,,mostki tylem” (wykonywane z przecigzeniem odcinka piersiowego
krggostupa w nienaturalnym ruchu przeprostu z powodu jego budowy i biomechaniki) [4].

Stan psychofizyczny

Aktualnie nadmierne e-funkcjonowanie wskazuje na zaburzenia behawioralne, cho¢ nie sg one
klasyfikowane w ICD 10 ani w DSM-1V. Natomiast w klasyfikacji DSM-V wskazuje si¢ na kryteria
diagnostyczne propozycji uzaleznienia od internetu i gier komputerowych [38]. W nieniejszym opra-
cowaniu jest mowa o zapobieganiu nieprawidtowosciom w obrebie postawy ciata. Dlatego zasadne
staje si¢ w tym miejscu postawienie pytania, czy maja one jaki$ wspolny mianownik. Otz tak — uza-
leznienie aktywuje reakcje ochronne przed podejmowaniem innych aktywnos$ci odciggajacych od ko-
rzystania z cyberprzestrzeni, generuje rozne powody pasywnego spedzania wolnego czasu. Jazda na
rowerze czy spacer staje si¢ malo atrakcyjny i konkurencyjny z wirtualng rzeczywistoscig. Pasywnos¢
zmienia wzorce ruchowe na nieprawidtowe, a dalsze konsekwencje zostaly juz w niniejszym opraco-
waniu opisane powyzej.

Badanie przesiewowe (Screening)

Ogromne znaczenie w wykrywaniu wszelkich nieprawidtowosci ma badanie postawy ciata. Po-
lega ono na ogladaniu sylwetki dziecka oraz na wykorzystaniu urzadzen do oceny kata rotacji tutowia
(skoliometrem) w teScie zgieciowym Adamsa, glteboko$ci krzywizn w plaszczyznie strzatkowej (in-
klinometrem), odchylenia osi krggostupa od pionu (pionem), symetrii topatek (linijkg i skoliometrem)
oraz na stosowaniu testow funkcjonalnych (test Bertranda, Thomayera, Patrica, wyprzedzania, testow
oceniajacych zakres ruchomosci kregostupa, tj. test Otto-Wurma, Schobera i in.).

Uzycie narzedzi mierniczych pozwala na doktadne okreslenie problemu oraz algorytmu pOste-
powania na kolejnych etapach ewentualnego leczenia. Istotne i przydatne w tym zakresie bedzie obli-
czenie wspotczynnika SATR (Sum of Angle Trunk Rotation). Analiza tablic z wartosciami (zakresami
normatywnymi) stuzy wspomagajaco rowniez w catym procesie fizjoterapii jako narzedzie czestej
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kontroli pozwalajace na modyfikacje ¢wiczen i dostosowanie ich do stanu aktualnego. Dodatkowo
badanie postawy moze zosta¢ uzupetnione o badanie fototopografii powierzchniowej czy badanie ter-
mograficzne. Wsrod badan specjalistycznych pozwalajacych na petng diagnostyke deformacji krego-
stupa nalezy wskaza¢ RTG w pozycji stojacej (stitching), ktore wykonywane jest na zlecenie lekarza
i stanowi zloty standard w diagnostyce skolioz. Rentgenogram pozwala na wyznaczenie kata/ow Cob-
ba, kregdw szczytowych skrzywienia, rotacji kregow AVR, ocene dojrzatosci kostnej testem Rissera,
pionowe;j osi krggostupa CVSL. O ile zaistnieje taka potrzeba, lekarz kieruje dziecko na badania uzu-
petniajace w celu petniejszego obrazowania (MRI czy TK) [6,7,8,39].

Istotne jest wigc systematyczne uczestniczenie w takich badaniach szczegdlnie w okresie gwal-
townego rozwoju w przedziale wiekowym 1015 lat (tzw. skokow wzrostowych).

Podsumowanie

Problem kreowania prawidtowej postawy ciata dzieci i mtodziezy, ze wzglgdu na jego globalna
skale, a tym samym ogromne znaczenie spoleczne, stanowi wyzwanie dla badaczy na catym §wiecie.
Wspolczesnie, w dobie wirtualnej rzeczywistosci i czestego naduzywania elektronicznych urzadzen,
czego konsekwencja jest zwigkszenie sedenteryjnosci, znaczenie tego problemu wydaje si¢ wzrastac.
Zapobieganie licznym negatywnym konsekwencjom zdrowotnym nieprawidlowej postawy ciata skta-
nia do tworzenia réznorodnych rozwigzan (np. programéw interwencyjnych), opartych na koncepcji
Action — Research, czyli przenoszenia nauki na praktyke. Ksztaltowanie prawidtlowej postawy ciata
sterowane i kontrolowane spotyka si¢ z licznymi barierami. Ograniczenia te wynikajg przede wszyst-
kim z faktu braku programow o oddziatywaniu dtugofalowym, wielopoziomowym.

Dziecko funkcjonuje w $srodowisku, z ktorego na co dzien egzemplifikuje wzorce i zachowania,
a stworzenie mu opisanych powyzej warunkow do kreowania prawidlowej postawy ciata mozna by
uzna¢ za wzorzec wrecz laboratoryjny, trudny do spetnienia w rzeczywistosci. Dlatego kazde oddzia-
tywanie mozliwe do spetnienia nalezy uwzglednia¢ w profilaktyce zaburzen postawy ciata, w mysl
idei lepiej zapobiegaé niz leczy¢. Dbato$¢ o postawe ciata w ramach szeroko opisanej fizjoprofilaktyki
nieprawidlowosci stanowi kolejny element dtugofalowej inwestycji w zdrowie spoteczenstwa.

Aby dziatania fizjoprofilaktyczne byly skuteczne, musza spetnia¢ warunki holistycznego podej-
scia do zdrowia. Nadrzedne jednak jest przyjecie zatozenia, ze tylko spojne oddziatywania na ksztat-
towanie zachowan prozdrowotnych, podjete zarowno przez dziecko, jak i jego rodzing oraz nauczycie-
li (szkole), lekarza specjaliste prowadzacego dziecko ze skolioza oraz fizjoterapeute, moga dac poza-
dane efekty, szczegdlnie w wieku mtodszym.

Dziatania fizjoprofilaktyki pierwotnej nieprawidtowosci w obregbie postawy, oparte na zasadzie
wczesnos$ci 1 systematycznos$ci oraz cigglosci, mozna podsumowaé w punktach do rozwazan praktycz-
nych:

1. Utrzymanie masy ciata proporcjonalnej do wysokosci, adekwatnie do siatki centylowej (BMI).

2. Aktywne spedzanie wolnego czasu.

3. Edukowanie na temat zalet aktywnosci ruchowej i skutkow bezczynnosci.

4. Zachowanie niezbednej rownowagi pomiedzy codziennym korzystaniem z urzadzen elektronicz-
nych a aktywnymi formami spgdzania wolnego czasu.

5. Unikanie nadmiernego uzywania sprz¢tow elektronicznych, a w przypadku ich uzytkowania za-
chowanie odpowiedniego utozenia poszczegdlnych odcinkéw ciata wzgledem siebie (np. unika-
nie protrakcji glowy w czasie uzywania telefonu komorkowego czy ogladania filméw w pozycji
lezacej z nadmiernie zgieta gorng czescia tutowia).

6. Wiasciwe dobieranie mebli szkolnych, zadbanie o odpowiednia wysoko$¢ biurka i krzesta.

7. Whlasciwe dobieranie plecaka szkolnego/tornistra i odpowiednie jego uzytkowanie oraz czeste
kontrolowanie jego zawartosci i dugos$ci szelek.
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8. Uczestnictwo w programach szkolgcych w zakresie szeroko pojetej fizjoprofilaktyki i ergonomii.
9. Przyjmowanie pozycji symetrycznych w trakcie siedzenia (np. podczas zabawy czy nauki).
10. Przyjmowanie prawidtowych pozycji siedzacych opartych na czynnej korekcji.
11. Zastgpowanie pozycji siedzacej statycznej na krzesle na pozycje siedzacg dynamiczng (siad
aktywny), np. na pitce czy krazku dyna-air.
12. Unikanie siadu skrzyznego z uwagi na brak mozliwosci utrzymania lordozy ledzwiowej z powo-
du tylopochylenia miednicy (szczegodlnie w wieku przedszkolnym — siad typowy dla tego okresu).
13. Dbanie o aspekt psychologiczny zwigzany z akceptacja swojego ciala.
14. Dbanie o dobrostan psychiczny.
15. Uczestniczenie w badaniach przesiewowych postawy ciata nakierowanych na wykrywanie nie-
prawidtowosci, zwlaszcza w okresach dynamicznego rozwoju postawy ciala.
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Myopia as leading cause of preventable blindness (review)

ABSTRACT

In this publication we would like to discuss the current knowledge of the etiology and strategies of how to slow
the progression of myopia.

Myopia, also called nearsightedness, is a refractive error with light focused in front of the retina. Nowadays
approximately 30% of the population in Europe has myopia, and the prevalence has an increasing trend. Dege-
nerative myopia represents a leading cause of blindness worldwide. The prevalence of myopia has increasing
trend, from 17.8% to 23.5% in those born between 1910 and 1939 compared with 1940 and 1979. Asian coun-
tries, however, have a much higher percentage (80-96%) of young adult populations.

High myopia (> -6.00 spherical equivalent) significantly increases the risk of developing eye diseases such as
cataract, glaucoma, myopic macular degeneration and retinal detachment. Up to 3% of the population in Europe
has high myopia, compared up to 22% of the population in Asia.

The etiology of myopia has not yet been fully ascertained; myopia is known to be particularly difficult to inherit
and the reasons for the increased incidence in myopia have been associated with different hypotheses — retinal
de-focus with an increased amount of near work, increased body stature and increased time spent on indoor
activities.

Once it has been diagnosed, myopia, especially high myopia with its complications cannot be cured, but every
endeavour should be made to try to arrest its progress. Various treatment strategies exist to slow the progression
or prevent the complications of high myopia.

Key words: myopia, etiology of myopia, complications of myopia, prevent complications

Introduction

Myopia, also called nearsightedness, is a refractive error with light focused in front of the retina.
The reasons for myopia development are in most cases, extensive elongation of the eye globe or high
refractive power of the cornea and the lens (which is less common). Presently, approximately 30% of
the population in Europe has myopia [1], and the prevalence has an increasing trend. Degenerative
myopia represents a leading cause of blindness worldwide [2].

Pathological — degenerative myopia is a significant cause of vision loss. Myopic changes of the
retina lead to serious effects on the function of macula lutea and can also lead to retinal tears and de-
tachment [3]. However, currently, no optical, pharmacological or surgical treatment exists that is
widely accepted to be able to prevent, or to control myopic eye globe enlargement and degenerative
myopia progression.

The increased recognition of myopia as a world health issue has brought new urgency to the
need to understand the mechanisms of its development and to give direction to the pursuit of effective
remedies. Here we would like to summarize the current knowledge of the etiology and therapy of pro-
gressive myopia.
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Myopia — classification, epidemiology

Myopia, also called nearsightedness, is a spherical refractive error when light is focused in front
of the retina. This means that the refractive power of the cornea and the lens is too high for the given
axial length (AL) of the eye. Myopia may be either axial, i.e. the AL of the eye is longer than it should
be, or refractive when the cause is too much corneal curvature or high lens refraction. The conditions
may also be combined but the most common mechanism of myopia is extensive elongation of the axial
length of the eye globe.

Eye growth during infancy is a controlled process called emmetropization [4]; physiologically
this mechanism exists to regulate eye growth so as to minimize refractive error. Extension of the eye
globe by 1 mm induces -3 D myopia. Myopia is manifested by blurred vision at a distance. Low myo-
pia is more pronounced in the dark (the refractive defect is more pronounced in mydriasis). In patients
with presbyopia, i.e. from the age of 45, who have a difficulty with near vision, myopia makes it pos-
sible to see well and without eyeglasses, therefore some might think of it as an evolutionary advantage
[5]. Although the process of emmetropization does not appear to have changed in the past few deca-
des, the prevalence of myopia has increased dramatically [6].

The distribution of refraction has no Gaussian, but rather leptokurtic distribution and changes
with age [7]. Presently approximately 30% of the population in Europe has myopia [1], and the preva-
lence has an increasing trend, from 17.8% to 23.5% in those born between 1910 and 1939 compared
with 1940 and 1979 [8]. The prevalence of myopia in Asian students completing secondary school is
now 80-90 percent [9]. In primitive strains and Eskimos, the incidence was only 1% in the past [10].
It is estimated that 49.8% of the world population will develop the condition with 9.8% having severe
myopia by the year 2050 [11]. The highest known prevalence, of 96 percent myopia, is in 19-year-old
males living in Seoul, South Korea [12]. This increasing prevalence is associated with intensive study
and close work, especially in children.

Myopia can also be caused by some pathological changes of the eye — a nuclear cataract can in-
duce high myopia or excessive corneal refraction in degenerative keratoconus.

Myopia is classified into a non-pathological mild form — myopia mitis (up to -3.0 D), medium
form — myopia media (-3.0 to -6.0 D), high form — myopia gravis (above -6.0 D) and pathological —
degenerative myopia (over -12 D) [13].

Myopia gravis and its complications

Up to 3% of the population in Europe has high myopia [1], in comparison to up to 22 % of the
population in Asia [14]. A high degree of myopia, usually defined as a spherical equivalent > -6.00
diopters is associated with degenerative changes in the posterior segment [15]. Pathological myopia is
usually progressive and generally presents very early in childhood. The degenerative changes can re-
sult in abnormal visual function such as a decrease in best corrected visual acuity or changes in visual
field. High myopia significantly increases the risk of developing eye diseases such as cataract, glau-
coma, myopic macular degeneration and retinal detachment [16]. The long-term follow-up in a Danish
study shows a mean adult onset myopia progression in high myopia from age 16 to 26 years 2.09 D,
and from age 26 and on, 1 D [17].

The majority of pathological myopia cases are caused by genetic factors [18]. In such eyes, the
growth of the sclera is accelerated during childhood and adolescence, with further incremental in-
creases in its dimensions occurring, by scleral stretching and thinning, in the adult years of life. The
stretching of the scleral collagen matrix seems to result from internal and external applied forces, in-
cluding intra-ocular pressure. Progressive enlargement of the sclera creates shearing forces within the
contiguous structures: the choroid, the retina, and the vitreous body. The failure of these tissues has
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serious effects on macular functioning and can also lead to retinal tears and detachment [19]. Similar-
ly, bleeding or development of the neovascular membrane may occur in the area of the macula [20].

Etiology and risk factors for development of myopia

The etiology of myopia has not yet been fully ascertained; myopia is known to be particularly
difficult to inherit and the reasons for the increased incidence in myopia have been associated with
different hypotheses — retinal defocus with an increased amount of near work, as well as an increased
body stature and increased time spent on indoor activities. We still do not know exactly how eyes
enlarge to become myopic. Nonetheless, some aspects of eye growth regulation now have become
clear. Most of the regulation occurs locally, driven by the retina in response to altered visual expe-
rience, and the sclera undergoes increased extracellular matrix remodeling during the accelerated eye
growth that underlies myopia [21].

In children, the presence of myopia and astigmatism early in life is a predictive value for
myopia progression. It was shown that with-the-rule astigmatism in children may lead to the onset of
myopia [22]. The refractive error at school entry is a better predictor of who will become myopic in
childhood than either a parental history of myopia or the presence of myopia in infancy [23].

Emmetropization [24], physiological growth during infancy is a controlled process; this mecha-
nism exists to regulate eye growth so as to minimize refractive error [25]. The eye can detect the sign
of blurring and can alter its growth to move the retina toward the image plane [26]. The eyes of chil-
dren naturally display hyperopia, starting at about +2.20 D in infancy and gradually reducing in mag-
nitude during childhood so that by six years of age most eyes are emmetropic [27].

According to the ‘retina-defocus’ hypothesis, based on earlier work on animal models, hypero-
pic defocus is a strong cue for ocular growth [28]. Axial growth is induced by the defocused signals of
near objects on the retina [29] caused by hyperopic retinal blur due to a high lag of accommodation
[30] and negative spherical aberration [31] during near work. As a result, people with myopia are able
to manage close work with substantially less accommodation.

The evidence that light influences ocular growth in children has also been widely established
[32]. Myopia has been proposed to be related to increased time spent indoors in industrialized socie-
ties. Some evidence suggests that children who spend more time outdoors are less likely to become
myopic, irrespective of how much near work they do [33]. Under this ‘indoor work’ hypothesis, the
mechanism may involve the light-stimulated release of dopamine, as increased dopamine can inhibit
axial elongation [34]. Artificial light cannot replace this deficit. The intensity of illuminance (lux)
varies significantly between outdoors and indoors, e.g. full daylight 10 000 lux, or overcast weather
typically 1000 lux in comparison to 100-300 lux for normal activities in the office, home, school, etc.
Based on current knowledge, it is appropriate and recommended be a European norm to increase
indoor illuminance in task areas to at least to > 750 lux [35]. Higher light exposure seems to inhibit
myopigenic stimuli.

The effects of the season on ocular growth are now also becoming apparent [36]. In a Norwe-
gian study of adolescents living in short summer and long dark winter periods, around 60° latitude
north, there is an overall prevalence of myopia around 13% [37]. It is not clear, if it is the outdoors
model of living in Norway [38] and why daylight exposure during the relatively short summer
outweighs that of the longer autumn-winter. In a Danish study, significant correlations between the
hours of daylight and eye elongation in children were found; myopia progress is less in periods with
longer days [39].

A consistent relationship between more physical activity and less myopia was observed, but no
evidence of physical activity as an independent risk factor for myopia has been found [40].

Increases in myopia have been associated with increased body stature, as was shown in a Ko-
rean study [41]. An increased stature involves an evolutionary mismatch through improved access to
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high-calorie food [42]. Under this ‘increased stature’ hypothesis, phenotypic plasticity may result in
non-adaptive changes to the length of the eye, producing myopia.

Genetically, on the one hand, numerous studies have shown a higher rate of myopia in children
with myopic parents and an even higher risk for children with two myopic parents [43,44]. On the
other hand, the different prevalence of myopia for individuals of the same racial or ethnic group in
different geographic locations cannot be explained only genetically, and environment plays a crucial
role in the development of myopia; e.g. the prevalence of myopia in children of Chinese ethnicity is
significantly higher in Singapore (29.1%) than in Sydney (3.3%) [45]. Genetic studies have not yet
defined molecular pathways and preventive interventions, and the predictive power of current genetic
data is limited [46].

The prevalence of myopia increases with income and educational level, and it is higher among
persons who work in occupations requiring a great deal of near work [47]. The socio-economic status
together with higher education seems to be an additive rather than an explanatory factor [48]. Howe-
ver, time spent on near work shows weaker statistical associations [49].

Current possibilities to prevent myopia — Practice recommendations

Once it has been diagnosed, myopia cannot be cured, but every endeavour should be made to try
to arrest its progress [50]. Various treatment strategies exist to slow the progression or prevent the
complications of high myopia. They can be divided into optical, pharmacological and surgical therapy.
All of them are preventive, rather than therapeutic methods. None are used as a gold-standard therapy
because of limited knowledge, the safety profile, or low effectiveness of all currently available thera-
peutic approaches.

A variety of pharmacological interventions has been used to control the progression of myopia.
Non-selective cholinergic muscarinic antagonists such as atropine [51] or selective M1 antagonist pi-
renzepine [52] have shown some promise in clinical trials; however, concerns about post-treatment
rebound effects and long-term ocular and visual consequences [53] have limited the use of these
agents. Lower concentrations of atropine decrease the adverse effect, but they still remain as effective
as higher doses, while atropine 0.01% has the best therapeutic index [54], with clinically insignificant
amounts of pupil dilation, near vision, and accommodation loss.

A highly controversial treatment modality is, orthokeratology, the overnight application of rigid
contact lenses for retarding myopic progression. Various studies showed that myopic progression was
not reduced with overnight contact lens wear and the authors concluded that there is no appa-
rent benefit to orthokeratology for the treatment of myopic progression [55].

Optical treatment strategies, in general, provide acceptable risk profiles. Traditional optical
treatment regimens for slowing myopia progression, based primarily on the assumption that visual
signals from the fovea dominate refractive development, have had limited success. Notwithstanding,
some success has been achieved in slowing myopic progression with progressive spectacle lens de-
signs that reduce relative peripheral hyperopia [56], e.g. MyoVision — lenses to prevent peripheral
hyperopic shift [57]. The bifocal lenses trial in Chinese Canadian children has showed a greater reduc-
tion in myopic progression and axial elongation at two years for children in bifocals and prismatic
bifocals as compared to the single vision lens group [58]. Aspherical lens design correction might even
cause the progression of myopia.

Although the nature of this protective factor has yet to be determined, outdoor activity does
appear to have positive effects for slowing myopic progression. One of the most influential ophthal-
mologists Sir Duke-Elder claimed 80 years earlier: “The régime of modern schools imposes far too
much application to books upon young children at an age when they require all their available vitality
for physical growth and development” [59]. The Sydney Myopia Study in 2008 demonstrated a signi-
ficant reduction in the prevalence of myopia in children who spent more time outdoors. After adjusting
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for time spent on near work, parental refractive error and ethnicity, they showed that increased time
spent outdoors, rather than physical activity was associated with less myopia [60]. Vitamin D levels
may act as a proxy for time spend outdoors, as lower vitamin D levels are associated with an increased
risk of myopia, and there is no existing genetic connection [61].

Scleral reinforcement, introduced over 50 years ago, was discredited as a useful technique for
the prevention of scleral prolongation in children [62]. Historically, there were some positive results
with scleroplasty, where authors observed decreased progression of myopia and concluded that sclero-
plasty can be considered a safe surgical method, which can help to improve the unfavourable deve-
lopment of progressive myopia [63]. On the other hand, axial length control was achieved by scleral
posterior pole buckling in adults [64].

Future perspectives

Cross-linking normally plays an important role in stabilising the hierarchical structure of the
sclera, both during development and ageing. The biomechanical mechanism by which the sclera
weakens during myopia and strengthens after crosslinking is not fully understood [65]. The scleral
cross-linking that is seen with age may explain the arrest of myopic progression in later life. Scientific
groups around the world have observed an effective arrest of axial elongation in animal eye models
with different cross-linking techniques [66]. Research is ongoing in treatment strategies and due to
anatomical reasons it is not as easy as cross-linking the cornea.

Conclusions

The rapid increase in the use of cell phones and tablets has influenced the myopia prevalence in
the modern world. Currently, it is not an exception to start with cell phone or tablet applications in
early childhood. Not less than children, adults use digital equipment all the time and everywhere one
looks. People walk and surf on the internet, commuting to work is connected with Facebooking, then
they return home and would like to find out about the news, and guess what — they check it on the
phone. As all LCD displays are backlit, one does not even have turn on the light, when they want to
read. Here, we would not like to comment on social interaction in the online world; it is simply the
reason why we spend much more time working at a close distance and less time outdoors.

Accommodation and near work are probably involved in the development of myopia, at least for
children and some adults, but it is not the whole story. Diminished light exposure seems to increase
ocular growth and exacerbate myopic development, whereas higher light exposure seems to hinder
myopigenic stimuli [67]. The diurnal rhythm and seasonal light exposure are becoming clear. Eye
elongation and myopia progression seem to decrease in periods with longer days and to increase in
periods with shorter days [41].

Multiple works have shown that patients from Asia were younger at onset and had more myopic
refraction than patients in Europe [68]. High myopia is an important risk factor for rhegmatogenous
retinal detachment in younger patients [69]. Presently, there is almost the same retinal detachment rate
in Asia compared to Europe [70]. Nonetheless, Asian patients present with retinal detachment at an
earlier age and have a more severe reported annual risk of 0.68% in the myopia phenotype than Euro-
pean Caucasians [71]. Myopes up to 15 D have a higher risk of RD as compared with emmetropes,
and the risk is increased to 110 times in myopes with more than 15 D [72].

Myopia, as a refractive error, can be treated with different methods — from less invasive —
wearing spectacles or contact lenses, to lens exchange surgery . Considering the risk of retinal de-
tachment in young patients with high myopia and with the aim of retaining their accommodation,
it might be prudent to consider phakic IOL as a choice instead of refractive lens exchange for patients
younger than 40 years of age [73].
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Only limited effective myopia control therapies exist, the most effective approach seems to be
the most basic one — children should be encouraged to spend more time outside during the daytime to
prevent myopia. Spending at least 2—-3 hours outdoors, outside of school hours is always recommend-
ded, which is not an easy task during the working week. Other approaches, which should be conside-
red and supported by the government, are outdoor classes in appropriate areas, and part of this inter-
vention might also be to increase the level of lighting in classrooms, preferably by increasing natural
lighting. The advantage of these approaches is that they are easy to perform, noninvasive and can
optimise the chances of preventing the incidence of myopia. Nevertheless, as we said earlier, the
easiest solutions, are almost always the hardest ones.
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Wybrane metody stosowane w terapii leczenia bélu fantomowego
po amputacji konczyny dolnej

Selected methods used in treatment of phantom pain afterlower limb amputation

ABSTRACT

Despite the continuous development of medicine and the use of ever newer solutions in the field of diagnosis and
treatment, the number of amputations of lower limbs is steadily increasing. The original cause of this process is
the lengthening of life expectancy and the changing of its style. One of the main problems after amputation, for
a majority of patients, is phantom pain. The complex and not fully understood mechanism of phantom pain
causes problems in its treatment. The article presents selected theories explaining the mechanism of phantom
pain and some of the methods used in therapy.

Key words: amputation, phantom pain, neuropathic pain, treatment of phantom pain

Wprowadzenie

Amputacja czesci lub calej konczyny dolnej jest dla pacjenta przezyciem traumatycznym, za-
rowno w aspekcie fizycznym, jak i psychicznym. Niesie za sobg ograniczenia funkcjonalne dotyczace
czynnos$ci samoobstugowych, codziennych zaje¢é, lokomocji czy mozliwosci wykonywania dotychcza-
sowego zawodu. Konsekwencjg tego jest radykalne obnizenie jako$ci zycia — pacjent po amputacji jest
osobg niepetnosprawna. Czesto zmienia si¢ diametralnie postrzeganie §wiata i samego siebie. Jest to
pochodna zmian dotyczacych petlnionych wczesniej rol spolecznych [1,2]. Mimo ciaglego rozwoju
medycyny i stosowania coraz nowszych rozwigzan w zakresie diagnostyki i leczenia, liczba amputacji
konczyn dolnych stale rosnie. Wedtug publikowanych danych, w Polsce w latach 2008-2011 wyko-
nywano od 6 do 10 tys. amputacji rocznie, a w roku 2012 r. byto ich juz 12 tys. [3]. Pierwotnymi
przyczynami sg wydluzenie trwania zycia oraz zmiany jego stylu, skutkujace chorobami cywilizacyj-
nymi. Najczestsza przyczyna wykonania zabiegu amputacji konczyn dolnych jest krytyczne niedo-
krwienie, bedace efektem miazdzycy naczyn lub cukrzycy, a znacznie rzadziej — nowotwory ztosliwe,
wady wrodzone czy urazy [4].

Oprocz wcezesniej wymienionych konsekwencji, wiele os6b po amputacji zmaga si¢ z bolem
fantomowym odczuwanym w amputowanej konczynie. Szacunki dotyczace wystepowania tego zabu-
rzenia u osob po amputacjach wahaja si¢ od 1 do 97% [5,6,7]. Ta znaczaca rozbieznos¢ wynikaé¢ moze
z faktu, ze pacjentom po amputacjach trudno jest subiektywnie odrozni¢ bol kikuta od bolu fantomo-
wego.

Cel

Problem bolu fantomowego stanowi ogromne wyzwanie terapeutyczne, a niezadowalajace jak
dotad metody leczenia sktaniajg do dalszych poszukiwan, majacych na celu zarowno wyjasnienie me-
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chanizmow powstawania bolu, jak i najskuteczniejszych metod jego leczenia. W zwigzku z tym po-
stanowiono przedstawi¢ wybrane metody terapeutyczne, bedace wsparciem metod farmakologicznych.
Szczegdlng uwage poswigcono terapii lustrem (mirror therapy).

Metody

Przyjeta metoda postgpowania byta analiza publikacji anglojezycznych na podstawie baz PubMed
oraz PEDro. W celu poréwnania doniesien w jezyku polskim postuzono si¢ wyszukiwarka Google
Scholar oraz zasobami Polskiej Biblioteki Lekarskiej. Po wpisaniu stow kluczowych w bazie PubMed
i Pedro, takich jak: amputation, phantom pain, treatment phantom pain oraz tych samych stow w je-
zyku polskim (amputacja, bol fantomowy, leczenie bolu fantomowego) w Google Scholar i Polskiej
Bibliotece Lekarskiej, uzyskano dostep do kilkudziesieciu tysigcy rekordow.

Nastgpnym krokiem byto dokonanie selekcji wedtug kryteriow wlaczenia i wyltaczenia. Podczas
szukania danych na temat amputacji (40 100 rekordoéw) zastosowano kryterium wigczenia, tj: dostep
do petnego artykutu, doniesienia z ostatnich lat, pojedyncza amputacja konczyny dolnej, amputacja
u dorostych. Natomiast kryteriami wylgczenia byly: doniesienia starsze niz 10 lat, podwojna amputa-
cja konczyny dolnej, amputacja konczyny dolnej u dzieci. Podczas poszukiwania informacji o bolu
fantomowym (2592 rekordow) zastosowano Kryteria wiaczenia: dostep do petnego artykutu, doniesie-
nia z ostatnich 10 lat (z jednym wyjatkiem), oraz wytaczenia: farmakologiczne leczenie bolu fanto-
mowego, chirurgiczne leczenie bolu fantomowego. W temacie leczenia bolu fantomowego (1655 re-
kordow) kryterium wlaczenia stanowily: dostep do pelnego artykutu, niefarmakologiczne leczenie,
pojedyncza amputacja konczyny dolnej, natomiast kryterium wylaczenia: podwojna amputacja, far-
makologiczne oraz chirurgiczne sposoby leczenia bolu fantomowego. W efekcie selekcji przedstawio-
no aktualne poglady na temat zarowno bolu fantomowego, jak i stosowanych metod jego leczenia.

Bél fantomowy

Utrata cze$ci ciata moze prowadzi¢ do bolesnych nastepstw neurologicznych, ujmowanych
w trzech kategoriach: bélu fantomowego konczyn, pozostatoéci konczyn oraz odczué fantomowych.
Zdarza sig¢, ze pacjenci majg problem z okre$leniem doznan, ktore odczuwaja [8]. Podczas rozroznia-
nia bolu fantomowego od bolu kikuta nalezy skupié¢ si¢ na jego rodzaju, umiejscowieniu oraz czasie
wystepowania. Bol fantomowy moze dominowa¢ nawet do dwunastu miesi¢cy po zabiegu, natomiast
bole kikuta zazwyczaj sa bardziej uciazliwe po samej operacji i moga by¢ wynikiem tworzenia si¢
nerwiaka, ktory prowadzi do ucisku w pozostatej czesci konczyny, a w konsekwencji odczuwania bolu
w obszarze calego kikuta [9]. Pacjent po amputacji oprocz dolegliwosci bolowych moze rowniez do-
$wiadczy¢ odczué¢ fantomowych, do ktorych zalicza si¢ odczucia o charakterze kinetycznym, kineste-
tycznym i eksteroceptywnej percepcji. Kinetyczne odczucia wigzg sie ze spontanicznymi lub zamie-
rzonymi ruchami, np. palcow stopy amputowanej konczyny. Odczucia kinestetyczne odnosza si¢ do
ksztattu lub potozenia amputowanej czeSci ciala, np. wrazenie, ze konczyna dolna po amputowane;j
stronie jest w zgieciu. Do percepcji eksteroceptywnej mozna zakwalifikowac czucie dotyku, ci$nienia,
temperatury czy swedzenia [10]. Bole oraz odczucia fantomowe okresla si¢ poprzez badania fizykalne

oraz wywiad.

Mechanizm powstawania b6lu fantomowego

Pierwotnie uwazano, ze bol fantomowy to przede wszystkim choroba psychiczna [11]. Wspot-
cze$nie wyniki prowadzonych badan mogg sugerowac, ze przyczyng powstawania odczuc¢ i bolu fan-
tomowego moga by¢ procesy patologicznej przebudowy, zardowno w obwodowym, jak i osrodkowym
uktadzie nerwowym [12]. Koncepcja obwodowa zaktada, ze podczas amputacji dochodzi do masyw-
nego uszkodzenia nerwu, prowadzacego do zaktocenia prawidlowego wzorca ,,drogi” do rdzenia kre-
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gowego, czego skutkiem jest deaferentacja [11]. Rownolegle zwicksza si¢ roéwniez spontaniczna
aktywno$¢ neurondéw w rdzeniu krggowym, co w efekcie moze by¢ zrodtem bolu fantomowego [13].
Teoria ta moze laczy¢ si¢ z inng koncepcja, wedlug ktoérej podtozem bolu jest osrodkowy uktad ner-
wowy. Sugeruje si¢, ze kluczowa role odgrywa aktywacja receptorow NMDA. Mechanizm powstawa-
nia bolu fantomowego tlumaczy si¢ istnieniem obszaréw médzgu odpowiedzialnych za reprezentowa-
nie okreslonych fragmentow ciata. Brak stymulacji w obwodzie stopniowo ma prowadzi¢ do wygasa-
nia pamigci korowej [12]. Argumentem na rzecz tej teorii mogg by¢ badania Ramchandrana dotyczace
neuroplastycznos$ci moézgu. Badacz ten za pomoca magnetoencefalografii (MEG) udowodnit, ze kiedy
dochodzi do amputacji ramienia, zwolniony obszar korowy zostaje przejety przez neurony odpowiada-
jace za stymulacj¢ twarzy. Impulsacja nerwowa powierzchni twarzy moze aktywowac pierwotny
obszar kory dtoni, co wyzsze osrodki mozgu interpretujg jako aktywacje¢ konczyny fantomowej [14].

O wystgpieniu bolu fantomowego moga decydowaé takie czynniki, jak wiek, przyczyna opera-
cji oraz wystgpowanie tego typu dolegliwosci przed zabiegiem. Bol ten moze mie¢ charakter staty,
epizodyczny lub napadowy o réznym poziomie natgzenia.

U niektorych oséb po amputacji jest mato odczuwalny, u innych za§ moze by¢ na tyle inten-
sywny, ze uniemozliwia wykonywanie jakiejkolwiek aktywnosci oraz zaburza sen i wypoczynek. Od-
czucia, jakich pacjent moze dozna¢, to m.in. rwanie, pieczenie, ktucie oraz ,,wykregcanie” nieistniejacej
konczyny [15].

Metody leczenia b6lu fantomowego

Psychoterapia

Pacjent po amputacji cierpi nie tylko w sferze somatycznej, ale i w wymiarze psychologicznym.
Depresja, negatywne emocje moga mie¢ wptyw na odbior bodzcow, zwykle je potegujac. Terapia
psychologiczna wpltywa korzystnie na modulowanie pamigci bolowej poprzez wzmocnienie sygnatu
w endogennych systemach hamowania bolu. Dobor srodkow terapeutycznych zalezy zaréwno od sta-
nu fizycznego, jak i psychicznego pacjenta. Najczesciej stosowanymi metodami leczenia psycholo-
gicznego sg: biofeedback, terapia relaksacyjna oraz hipnoterapia [16].

Biofeedback

Do przeprowadzenia terapii biofeedback wymagany jest sprzet elektroniczny, ktéry monitoruje
np. powierzchniowe napigcie migéniowe. Za pomoca sprzgzenia zwrotnego chory uczy sie, W jaki
sposob kontrolowa¢ w ciele procesy swiadczace o wzroscie napigcia. Zazwyczaj stosowany jest bio-
feedback EMG. To nieinwazyjna metoda, ktora przekazuje choremu informacje na temat zmian
w elektrycznej aktywnosci migsni. Celem jest opanowanie umiejetnosci rozluznienia poszczegolnych
grup mig¢$niowych, ktére ma wpltyw na zmniejszenie dolegliwosci bolowych [17].

Terapia relaksacyjna

Bole fantomowe Sg zrodtem ogromnego stresu dla pacjenta. Przeciwienstwem jest stan relaksu.
Poprzez zmniejszenie napigcia emocjonalnego i migsniowego mozna obnizy¢¢ odczucia bolowe. Naj-
czesciej stosowang technika jest trening relaksacyjny. Istotnym warunkiem powodzenia tej terapii jest
systematyczno$¢ zarowno w gabinecie terapeutycznym, jak i w domu. Pacjent powinien wybraé pozy-
cje najbardziej komfortowa dla siebie, wygodnie sie ubra¢. Terapeuta musi zadbaé oto, by terapia nie
byla przerywana. Podczas relaksacji chory powinien mie¢ zamknigte oczy [17].

Hipnoterapia

Niezmiernie trudno jest przekaza¢ pacjentowi, ze bol ktory odczuwa, tak naprawde swojg przy-
czyng¢ ma ,,w glowie”, a wszystko czego doswiadcza po amputacji jest kombinacja interakcji pomig-
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dzy umystem a ciatem [18]. Na podstawie przegladu randomizowanych badan mozna stwierdzi¢, ze
jednym z efektywnych sposobdw leczenia bolu fantomowego jest hipnoterapia [19]. Stosowane sa
rozne formy anaglezji (zniesienia czucia bolu) w stanie hipnozy. U pacjentow po amputacji wykorzy-
stuje si¢ technike przemieszczenia w czasie, polegajacag na odwolaniu si¢, w tym przypadku do czasu
sprzed interwencji chirurgicznej, kiedy odjgta konczyna byta sprawna i nieobcigzona dolegliwosciami
bolowymi [20]. Sukces terapii uzalezniony jest w duzej mierze od wiary pacjenta w jej skutecznos¢
i od aktywnego udziatu w zajgciach.

Przezczaszkowa stymulacja prgdowa

Z doniesien ostatnich lat wynika, ze zastosowanie przezczaszkowej stymulacji pradem elek-
trycznym w leczeniu bolu przynosi obiecujace wyniki [21,22,23]. Przyktadem sa randomizowane ba-
dania przeprowadzone przez Bolognianiego i wsp. na osobach z jednostronng amputacja koniczyny
gornej lub dolnej, ktore odczuwaty doznania i bdle fantomowe. Anodowa stymulacja umiejscowiona
nad korg motoryczng powoduje krotkotrwate zmniejszenie bolu fantomowego, a katodowa stymulacja
nad tylng kora ciemieniowa prowadzi do krotkotrwatego zmniejszenia doznan fantomowych [24].
Podczas terapii wykorzystuje si¢ prad o matym natgzeniu (1-2 mA), ktory w ciaggu kilkunastu minut
stymulacji zmienia tadunek elektryczny w btonach komoérek nerwowych i wptywa na kanaty neuro-
przekaznikdéw. Stymulacja anodowa wytwarza spadek polaryzacji bton komorek nerwowych, co jed-
noczesnie zwigksza ich pobudliwo$¢. Natomiast stymulacja katodowa powoduje hiperpolaryzacje
bton, czego skutkiem jest ograniczenie pobudliwo$ci neuronow. Efektem stymulacji sg zmiany zacho-
dzace w korze mézgowej po zakonczeniu sesji stymulacyjnej [25]. Metoda jest korzystna, niesie ze
sobg mate ryzyko powstania skutkéw ubocznych i moze zwigkszy¢ efektywnosé stosowanej farmako-
logii [26].

Elektrostymulacja TENS (Transcutaneous electrical nerve stimulation)

W leczeniu bolow fantomowych mozna zastosowa¢ wiele metod fizykalnych (m.in. termotera-
pie, ultradzwieki, kapiele ruchowe). Najczesciej stosowang technikg nieinwazyjna jest przezskorna
stymulacja elektryczna nerwdéw — TENS. Jej dziatanie przeciwbolowe potwierdzono w licznych publi-
kacjach [27,28,29]. Mechanizm jej dziatania wigze si¢ ze stymulacja grubych zmielinizowanych wt6-
kien, co powoduje zamkniecie ,,wrét bolu” i zatrzymanie przeplywu informacji nocyceptywnej na
poziomie rogéw tylnych danego segmentu rdzenia krggowego. W przypadku ostrego bolu fantomo-
wego stosuje si¢ TENS o wysokiej czgstotliwosci (50-150 Hz) i czasie trwania impulsu 50 ps. Pacjent
podczas zabiegu powinien odczuwaé¢ wyrazne mrowienie bez skurczu. Efekt przeciwbolowy pojawia
si¢ w trakcie prowadzenia stymulacji i jest krotkotrwaly. Przy zachowaniu kilkugodzinnej przerwy
tego rodzaju TENS mozna stosowac kilka razy dziennie [30]. Modyfikacja standardowego postepo-
wania polega na zastosowaniu TENS na przeciwlegtej zdrowej konczynie w tych samych okolicach,
w ktorych odczuwalny jest bol w konczynie fantomowej [9]. Zabiegi z wykorzystaniem TENS sa sto-
sunkowo bezpieczne, przy czym fizjoterapeuta przed przystgpieniem do wykonania powinien wyja-
$ni¢ pacjentowi ich celowosc i przebieg.

Metoda lustra

Terapia lustrem jest jedng z alternatywnych metod walki z bolem fantomowym. Powstata na
podstawie badan V.S. Ramachandrana, ktory dzigki wczesniejszym odkryciom zwigzanym z neuro-
plastycznos$cig uktadu nerwowego stworzyl podstawy teorii terapii lustrem. Po amputacji odpowiedni
obszar mézgu reprezentujacy odjeta czgs¢ ciata pozbawiony jest informacji pochodzacych od danej
konczyny i w wolnym tempie zanika. Brak bodzcow wywyluje u pacjenta odczucia i bole fantomowe.
Reorganizacja Sciezek czuciowych w mozgu powoduje, Zze zwolnione miejsce zostaje zastgpione przez
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obszary mozgu zlokalizowane najblizej [31]. Wyniki badan potwierdzity pozytywny wplyw terapii
lustrzanej na tagodzenie bdlu fantomowego i poprawe jakos¢ zycia chorych po amputacji konczyny
dolnej [32,33,34].

Przed rozpoczeciem terapii nalezy wytlumaczy¢ pacjentowi, jaki jest jej cel oraz jaki bedzie jej
przebieg. Zdarza si¢, ze pierwsze wrazenie odbicia w lustrze zdrowej konczyny wzbudza silne emocje.
Istotne jest rowniez przeprowadzenie doktadnego wywiadu, w ktorym nalezy okresli¢ etiologie ampu-
tacji, czas jaki uptynat od zabiegu, wysoko$¢ amputacji, stan zagojenia kikuta, stopien zaakceptowania
faktu amputacji przez chorego oraz zastosowane leczenie przeciwbodlowe.

Przed rozpoczegciem terapii nalezy ocenié¢ nasilenie i rodzaj bolu fantomowego za pomocg skali
numerycznej, poniewaz jej dhugos¢ i intensywno$¢ sa dobierane indywidualnie. Zazwyczaj jednak
sesje prowadzone sg raz dziennie.

Do przeprowadzenia terapii potrzebne jest ptaskie lustro o wymiarach przekraczajacych dhugosc¢
nieamputowanej konczyny. Terapia lustrem polega na ustawieniu go w taki sposob, aby zastaniato
amputowana konczyng a odbijato zdrowa (ryc. 1,2). Najwazniejszym punktem przeprowadzanego
seansu jest silna wzrokowa koncentracja chorego na odbiciu koniczyny w lustrze. Bez tego elementu
nie mozna oczekiwac efektu terapii. Widzac w lustrze odbicie zdrowej konczyny wykonujacej pod-
stawowe ruchy, mozg otrzymuje wzrokowe bodzce zwrotne i odczytuje je jako informacje prawidto-
wo funkcjonujacej konczyny [33].

Ryc. 1. Ustawienie lustra podczas terapii.
Zrédto: materiaty wiasne.

Ryc. 2. Ustawienie lustra podczas terapii.
Zrodto: materiaty whasne.
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Podsumowanie

Liczba wykonywanych amputacji, a w konsekwencji setki osob po amputacjach, zmagajacych
si¢ z bolem fantomowym, sklaniajg do poszukiwania form terapii bolu w r6znych obszarach. Powsta-
jace teorie wyjasniajace mechanizm tego bolu — w powigzaniu z ich empiryczng weryfikacja — jak
dotad nie przyniosly w petni zadowalajacych rezultatow. W §wietle przeprowadzonych studiow biblio-
graficznych wydaje sie, ze potaczenie farmakoterapii z kinezyterapia, psychoterapia, zabiegami fizy-
kalnymi, a takze metodami niekonwencjonalnymi prowadzi do najlepszych efektow. Mozliwie szero-
ka wiedza na temat spectrum stosowanych metod moze stanowi¢ podtoze do opracowywania i wdra-
zania optymalnej dla pacjenta indywidualnej strategii postgpowania. Wymaga to wspotpracy w ra-
mach zespotu rehabilitacyjnego lekarzy, fizjoterapeutow i psychologow.
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Benefits of vascular endothelial growth factor inhibition in treatment
of diabetic macular edema

ABSTRACT

Introduction. Untreated diabetic macular edema (DME) is a serious ophthalmic complication of diabetes, which
leads to the worsening of vision.

Research objectives. To evaluate the efficacy of diabetic macular edema (DME) treatment with inhibitors of the
vascular endothelial growth factor (anti-VEGF) in a real-world setting over 3 years.

Material and Methods. Retrospective analysis of 10 DME eyes treated with anti-VEGF injections over 3 years.
The evaluation of changes in the best corrected visual acuity (BCVA), central subfield thickness (CST) and the
number of injections.

Results. A mean BCVA gain from the baseline in the group +6.6, +4.8 and +7.5 letters (after 1%, 2" and 3" year
of treatment). 90% of patients at the baseline had BCVA < 20/40, after treatment 40%, 40% and 20% (after 1%,
2" and 3" year). The median number of anti-VEGF injections 8.5 (1% year), 4 (2" year) and 0 (3" year). The
mean CST reduction from the baseline -142.4 um, -155.6 pum, -120.5 pm (after 1%, 2", 3" year).

Conclusions. Positive effects of DEM treatment with anti-VEGF from RCTs are achievable in a real-world
setting in Slovakia.

Key words: diabetic macular edema, anti-VEGF, therapy, advantages, real-world evidence

Introduction

Diabetic macular edema (DME) is a very serious ocular complication of diabetes mellitus.
It affects the place of the sharpest vision of the retina — the macula. The hallmark of DME is the
accumulation of fluid within the macula. This fluid accumulation is driven by the failure of the blood-
retinal barrier. Untreated DME leads to the worsening of visual acuity and in its final stage could lead
(also with other features of diabetic retinopathy) to complete blindness. DME is the most frequent
cause of blindness in patients from the productive age group in most developed countries. There are
many proinflammatory cytokines involved in its development. One of the most important factors con-
tributing to DME development is the vascular endothelial growth factor (VEGF) [1,2,3].

The Wisconsin Epidemiologic Study of Diabetic Retinopathy showed that the risk of DME is
associated with type 1 and type 2 diabetes as well — after 10 years of follow-up, 20% and 25% of those
patients will develop DME respectively [3,4].

There is an increase in diabetes prevalence worldwide. New modern treatment options are
available for people suffering from diabetes. Those patients could survive longer with their disease
than in the past. Unfortunately, longer survival is connected with an increased rate of diabetes-related
complications such as DME [3].

The possible therapies for DME include laser therapy, anti-VEGF agents, steroids, vitreoretinal
surgery and the treatment of diabetes [3].

Laser therapy

Early pioneering studies provided the evidence to use a macular laser as better treatment over
observation of diabetic macular edema, which was done for many years. However, in light of newer
and more effective treatment options (especially anti-VEGF agents) the standard of care has changed
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and the destructive macular laser is not the first-line treatment option for DME anymore. According to
the authors of the EURETINA guidelines, there is a relative indication of a laser in the vasogenic form
of DME - focally grouped microaneurysms and leaking capillaries. There is no evidence that a laser
would add visual benefit to pharmacotherapy, but rather reduce visual acuity gain [3].

Anti-VEGF agents

Currently, there are 2 anti-VEGF drugs for DME treatment approved by the European Medi-
cines Agency — ranibizumab 0.5 mg and aflibercept 2 mg. Ranibizumab and aflibercept for DME
treatment have shown clear superiority to laser therapy in visual and anatomical outcomes in rando-
mized clinical trials [5,6].

According to the results from the DRCR.net Protocol T trial, EURETINA experts recommend
aflibercept over ranibizumab in eyes with visual acuity below 69 letters. In patients with BCVA 69
and more letters, both agents are equally recommended [3]. In DRCR.net Protocol T, aflibercept
showed visual superiority over ranibizumab in patients with a baseline BCVA below 69 letters after 1%
year of treatment. The treatment results after 2" year of DME treatment in this subgroup were not
statistically significantly different (in BCVA improvement and treatment burden) between ranibi-
zumab and aflibercept in this trial. It is worth noting that for the treatment in the Protocol T trial
ranibizumab 0.3 mg was used (the approved dosage in Europe is 0.5 mg) and aflibercept was used in
a different dosing regimen from the approved label in Europe as well [7].

Steroids

Intravitreal steroids are important for DME treatment as a second choice. They can be consi-
dered as a first-line drug in patients with a recent history of a major cardiovascular event or in patients
not willing to come for monthly anti-VEGF injections (or monitoring visits) in the first half year of
therapy.

It is imperative to regularly monitor intraocular pressure (IOP) during steroid treatment because
IOP elevation is a possible serious adverse event. Another frequent adverse event connected with
steroids is cataract formation. Pseudophakic patients are therefore better candidates for this treatment
modality [3].

Surgical therapy

Vitreoretinal surgery (pars plana vitrectomy — PPV) is possible as a DME treatment in selected
cases. The indication for surgery has to be made based on the retinal and vitreous status. The presence
of anterior-posterior traction may be an indication for PPV. Tangential traction (from the posterior
hyaloid membrane or epiretinal membrane) should be considered for DME surgery only when the
response to anti-VEGF or steroids is incomplete. PPV should be also considered in non-responders to
intravitreal treatment with no posterior vitreous detachment [3].

Diabetes mellitus treatment

Diabetes mellitus has to be managed by a diabetologist or endocrinologist. Diabetic retinopathy
and DME could be worsened by systemic hypertension. The glycated hemoglobin (HbA1c) level does
not correspond to the anti-VEGF response. The timing in DME management is very important — early
ocular intervention is recommended [3].

There are numerous reports from randomized clinical trials which have proved the positive
effects of anti-VEGF treatment of DME. Those effects are summarized in Table I.

The reduction of edema with anti-VEGF was demonstrated in pivotal randomized clinical
trials — RISE/RIDE (ranibizumab) and VIVID/VISTA (aflibercept) [5,6]. The measurement of macu-
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lar thickness can be performed easily with an SD-OCT machine. It helps treating physicians to eva-
luate the treatment process and to manage the patient properly.

A long-term DME reduction over 5 years with anti-VEGF was confirmed in a prospective ran-
domized clinical trial, DRCR.net Protocol I, where after 5 years approximately two-thirds of all eyes,
irrespective of treatment assignment, had a CST less than the study entry criterion [8].

Table I. Positive effects of anti-VEGF treatment of DME

Reduction of edema

Improvement of vision

Decrease in diabetic retinopathy severity

Lowering the risk of retinal detachment and vitreoretinal surgical
intervention

Delaying the loss of visual field

Most patients could gain sufficient visual acuity to drive a car

Lowering the risk of practical blindness

Intensity of therapy declines in time to maintain therapeutic effect

Source: Author’s own study.

Improvement of visual acuity due to anti-VEGF treatment of DME is the most important
effect from the patient’s perspective. Fortunately, in DRCR.net Protocol I, the average visual gains are
positive — patients treated with anti-VEGF (ranibizumab) treatment had a mean improvement of +7.2
(prompt laser group) and +9.8 letters (deferred laser group) after 5 years of treatment. Moreover, in
a subgroup analysis of patients with a worse baseline visual acuity (< 65 letters), the BCVA improve-
ment after 5 years of treatment was even better: +10 (prompt laser) and +17 letters (deferred laser).
The eyes with the better baseline BCVA did not reach the same visual gains because of the ceiling
effect of the therapy [8,9].

A decrease in diabetic retinopathy severity is a positive side-effect of anti-VEGF DME the-
rapy. Diabetic retinopathy could lead to blindness as well as DME itself.

The long-term positive effect of anti-VEGF was demonstrated in the DRCR.net Protocol | trial
— among participants with nonproliferative diabetic retinopathy (NPDR) at the baseline, improvement
in 32% of eyes was observed after 5 years of therapy and among participants with proliferative diabe-
tic retinopathy (PDR) at the baseline 23% of eyes improved after 5 years. Individuals receiving ranibi-
zumab for DME may have favorable changes in diabetic retinopathy severity throughout 5 years with
a sequential reduction of anti-VEGF [10].

The CLARITY study and DRCR.net Protocol S evaluated the treatment of proliferative diabetic
retinopathy with anti-VEGF versus panretinal photocoagulation [11,12].

Thanks to the results of those studies, the FDA approved the use of ranibizumab and aflibercept
as treatment for diabetic retinopathy without DME in the USA.

Lowering the risk of retinal detachment and vitreoretinal surgical intervention

PDR represents very advanced retinal impairment from diabetes, which leads to irreversible
blindness without treatment. The common complications from PDR (among others) are retinal de-
tachment and the need for vitrectomy (PPV).

The gold standard in the management of PDR is panretinal photocoagulation (PRP).

The therapy of PDR patients with anti-VEGF is associated with less frequent retinal detachment
(6%) than PRP (15%) and a lower vitrectomy rate (11%) than PRP (19%) throughout 5 years [12].
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Delaying the loss of visual field

Patients with diabetic retinopathy tend to lose visual field in time as a result of disease progres-
sion or laser treatment of the peripheral retina (PRP).

DRCR.net Protocol S compared the visual field loss over 5 years in PDR patients treated with
anti-VEGF versus PRP. There was no significant visual field loss in the anti-VEGF group over 2
years, whereas in the PRP group significant visual field loss was found immediately after PRP. Ho-
wever, in later years the visual field of the anti-VEGF group started to decline and after 5 years there
was little difference in the visual field loss between the groups [12].

Most patients could gain sufficient visual acuity to drive a car

The BCVA required to drive motor vehicle in many countries is 20/40 or better.

Approximately 37% of patients with DME in DRCR.net Protocol | at the baseline had BCVA
20/40 or better. After 5 years of anti-VEGF treatment approximately 70% of patients achieved BCVA
20/40 or better (according to the treatment group) [9].

Lowering the risk of blindness

Both DME and diabetic retinopathy could lead to practical or complete irreversible blindness.
Anti-VEGF lowers that risk by improving vision, reducing DME and improving the level of diabetic
retinopathy.

Intensity of therapy declines in time to maintain therapeutic effect

DRCR.net Protocol | demonstrated a continual decline in anti-VEGF injections needed for
DME treatment over 5 years to maintain a therapeutic effect. The median number of injections was
(based on the prompt or deferred laser treatment group) 8-9 (in 1% year), 2-3 (in 2" year), 1-2 (in 3"
year), 0—1 (in 4™ year), 0 (in 5" year) [9].

Research objectives

The objectives of the research are to evaluate the efficacy of diabetic macular edema (DME)
treatment with inhibitors of the vascular endothelial growth factor (anti-VEGF) in a real-world setting
over 3 years. The aim is also to assess published literary data regarding the most important positive
effects of DME treatment with anti-VEGF and compare selected data with our cohort.

Materials and Methods

Retrospective analysis of 10 treatment naive eyes with vision impairment caused by center-
involving DME without vitreomacular abnormalities treated with anti-VEGF injections over 3 years
was conducted. Comparison of the changes in best corrected visual acuity (BCVA, ETDRS chart let-
ters), central subfield thickness (CST) and the number of injections with published data from rando-
mized clinical trials was performed.

The data of our cohort were acquired from archived medical reports, which included DME eyes
treated in a single center (department of ophthalmology) in Bratislava, Slovakia.

We evaluated the changes in the best corrected visual acuity (BCVA — ETDRS letters), central
subfield thickness (CST) measured by spectral domain optical coherence tomography (SD-OCT,
Heidelberg Engineering) and treatment burden data after the first, second and third year of treatment.

Two anti-VEGF agents were used for treatment — ranibizumab 0.5 mg or aflibercept 2 mg.

Patients with visual acuity decline due to center-involving DME (CI-DME) with baseline
BCVA 61 — 73 ETDRS letters (20/63-20/32??) were eligible. The patients underwent complete
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ophthalmic examination including dilated indirect fundoscopy. The presence of CI-DME was con-
firmed by SD-OCT fluorescein angiography.

All the patients had type 2 diabetes mellitus with HbAlc < 8.5% IFCC. The glycated hemoglo-
bin level limitation was the limit for treatment reimbursement in our country. Patients with vitreoreti-
nal abnormalities requiring surgical intervention or steroid treatment were not included.

The macular laser for DME was allowed as deferred (not sooner than after 6 months of
anti-VEGF therapy) or prompt (before the initiation of anti-VEGF). All the patients received at least
the first 3monthly (ranibizumab) or 5-monthly (aflibercept) loading doses of anti-VEGF at the begin-
ning of their therapy, followed by various treatment regimens of anti-VEGF in accordance with the
SPC of the drug — pro re nata (PRN), treat and extend, fixed bimonthly, defer and extend (DAE as in
the DRCR.net Protocol | and T trials). The preferred regimens in the second and third year were PRN
and DAE. The choice of regimen was dependent on actual knowledge at the time of the treatment,
reimbursement conditions and the valid drug label. Switching from one type of anti-VEGF to another
was allowed.

Results

The mean BCVA at the baseline was 66.0 + 3.7 letters. The mean BCVA after treatment was
72.6 + 6.3 (after 1% year), 70.8 = 9.4 (after 2" year) and 73.5 + 5.4 (after 3" year). The mean BCVA
gain from the baseline was +6.6, +4.8 and +7.5 letters (after 1%, 2" and 3" year of treatment).

90% of the patients had visual acuity worse than 20/40 at the baseline. This visual acuity was
observed in 40% of eyes after 1% year, in 40% of eyes after 2" year and in 20% of eyes after 3™ year
of treatment.

The mean macular thickness (CST) at the baseline was 416,1 + 122.5 um. The mean CST de-
clined to 273.7 + 45.5 um (after 1% year of treatment), 260.5 + 30 um (after 2™ year of treatment),
295.6 = 77 um (after 3" year of treatment). The mean CST reduction from the baseline was -168.8 pm,
-180.7 um, -141.1 um (after Ist, 2", 3 year).

The median number of anti-VEGF injections was 8 (in 1%t year), 4 (in 2" year) and 0 (in 3™
year). The mean number of anti-VEGF injections was 8.4 = 2 (in 1% year), 3.7 = 2 (in 2" year) and 1.7
+2.5 (in 3" year).

The first line of treatment was ranibizumab in 80% and aflibercept in 20% of eyes. Two patients
were subsequently switched to aflibercept, which decreased the ranibizumab ratio to 60%.

An example of DME visualization with fluorescein angiography is presented in Figure 1. Figu-
res 2 and 3 show SD-OCT macular scans of the same patient before and after 3 years of treatment
respectively. This particular patient from our cohort had complete DME resolution and her BCVA
improvement was +7 letters; the final BCVA was 73 letters (20/32??) — her reading ability improved
as did the overall quality of her life. In her 3 year of treatment no additional anti-VEGF injections
were needed. The decrease in macular microaneurysms and intraretinal hemorrhages can be seen as well.
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Fig. 1. Fluorescein angiography of patient with
DME before anti-VEGF treatment.
Source: Author’s own study.
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Fig. 2. SD-OCT scan of patient with DME before anti-VEGF treatment.
Source: Author’s own study.
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Fig. 3. SD-OCT scan of patient with complete DME resolution after 3™ year of anti-VEGF treatment.
Source: Author’s own study.
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Discussion

Intravitreally administered anti-VEGF drugs are used to treat various retinal diseases — wet age-
related macular degeneration (AMD), choroidal neovascularization, DME, diabetic retinopathy (not
yet approved in Europe) and macular edema due to retinal vein occlusion. Among all those diseases
the most frequent are wet AMD and DME.

Therapy with intravitreally administered anti-VEGF is performed in special ophthalmic depart-
ments equipped with expensive machines, optimal places for examination, aseptic application as well
as skillful personnel experienced in the diagnosis, treatment and follow-up of retinal patients. There
are many patients in need of anti-VEGF treatment and only limited manpower available to manage
them. Furthermore, the price of repeated on-label therapy is quite high and adds a serious financial
burden to the health care system. Unfortunately, this usually causes (at least in Slovakia) many re-
strictions in the treatment approval and a huge additional bureaucratic burden to health care providers
and health care insurance companies as well.

Therefore, several real-world studies of wet AMD treatment (i.e. AURA, LUMIERE, WAVE)
have shown that those patients are usually markedly undertreated and their visual gains are much lo-
wer than those achieved in randomized clinical trials (RCTs) [13,14,15].

In contrast, DME eyes are much easier to treat in the real world outside RCTs with anti-VEGF.
The main reasons are that DME patients usually require less frequent dosing and the need for therapy
declines continuously over the years. DME patients (contrary to AMD) are not as susceptible to the
development of irreversible retinal changes and suboptimal waiting for approval to continue treatment
is less likely to cause permanent visual loss.

This could be an explanation for the good visual gains in our real-world cohort and correspond-
ding CST reduction. Even the numbers of anti-VEGF injections are on par with continuously de-
creasing injection numbers in RCTs [16]. Despite a BCVA insufficient to drive a car in the majority of
our patients at the baseline (90%), the final BCVA after 3 year of treatment allowed them to drive in
80% of cases.

The visual gains could have been even higher if our cohort had included more patients with
a worse baseline visual acuity (the actual cohort is limited by the ceiling effect) and no patient under-
went prompt macular laser before initiating anti-VEGF. Prompt macular laser prior to anti-VEGF is
difficult to eliminate because many of our patients have already been laser pretreated at the time of
their referral from another eye department.

The main limitation of our study is the small sample size. It is quite difficult to achieve good
adhe-rence to anti-VEGF therapy and follow-up in diabetic patients. The loss in follow-up is quite
high, probably because of the relatively good visual acuity after the intensive first year of therapy.
Patients are often tired of repeated follow-up visits, especially when many times there is no need for
a repeat injection. The comorbidities associated with diabetes and many other medical visits (diabeto-
logist, internist, nephrologist...) could also play a role in reduced eye examination frequency.

Conclusions

The positive effects of DME treatment (visual acuity gain, central subfield macular thickness
reduction and the decline in the number of needed injections over time) with anti-VEGF from rando-
mized clinical trials are achievable in a real-world setting over three years in Slovakia.
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Development in pharmacotherapy and diagnostics of tuberculosis.
Review

ABSTRACT

Introduction. In 1993, tuberculosis (TB) was declared a global public health emergency by the WHO. TB re-
mains one of most important global threats in public health.

Aim. In this work we provide an overview of TB. First, we provide historical development, then a short epide-
miology, followed by progress in anti TB-drugs and TB diagnosis.

Core of work. The introduction of rifampicin (RIF) has revolutionized the treatment of TB. The last ten years
have made progress, producing some new drugs such as bedaquiline, delamanid, pretomanid. Nonetheless, no
new drugs could be added to the first line regimen in the last 60 years. The drug-resistant form of TB, extensive-
ly drug-resistant tuberculosis (XDR-TB) is very difficult to treat and is a growing threat. Earlier WHO guidelines
(2011) recommended that the choice of drugs for TB therapy should be based on efficacy and toxicity in a step
down manner, from Group 1 to Group 5. In 2016, WHO provided an important and useful evidence-based new
classification of anti-TB drugs to help clinicians design anti-TB drug regimens more accurately. Acid-fast
staining and culture for mycobacteria remain at the core of any diagnostic algorithm. Following growth in cul-
ture and molecular technologies are used to identify definitive species.

Conclusions. Despite 90 years of vaccination, 60 years of chemotherapy and recent advances in diagnostics, TB
has not been eliminated as a global public health problem. Many people do not have access to adequate initial
diagnosis. These “missing* people with TB are the root of ongoing TB transmission, including their resistant
forms. The goals of the End TB strategy, which aims to achieve a 90% reduction in TB incidence and 95% re-
duction in TB mortality by 2035, will not be achieved without increased availability of diagnostics in resource
limited settings, especially for anti-TB drug resistance.

Key words: tuberculosis, mycobacterium tuberculosis, anti-TB drugs, TB diagnostics, drug resistant TB

Historical development

Tuberculosis (TB) is an illness caused by mycobacterium tuberculosis (Mtb, also called the tu-
bercle bacillus) [1,2,3]. TB describes an infectious disease that has plagued humans since the Neolithic
times. Physicians in ancient Greece called the illness “phtisis” to reflect its wasting character. During
the 17" and 18" centuries, TB caused up to 25% of all deaths in Europe. In more recent times, TB has
been called “consumption”. In the 19" century, patients were isolated in sanatoria and given treat-
ments such as injecting air into the chest cavity. Attempts were made to decrease lung size by surgery
called thoracoplasty. Robert Koch reported the discovery of tubercle bacilli on March 24, 1882. TB
has been, and is, a social disease. When socio-economic conditions deteriorate, its occurrence always
increases. In the United States, the incidence of TB began to decline around 1900 because of impro-
ving living conditions. The second half of the 20th century was characterized by a decline in the inci-
dence of TB in most developed countries. This was due largely to anti-TB (antibiotic) drugs, active
immunization, screening of people and livestock as well as better living conditions. The long-term
decline in reported TB cases stopped in 1984 and in 1985 the number of reported TB cases began to
rise again. The global HIV infection epidemic caused explosive increases in TB incidence [2,3]. The
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risk of progression to TB disease after infection increases dramatically for persons co-infected with
HIV/AIDS or other immune compromising conditions [1]. During 1985-1992, the United States expe-
rienced an unprecedented TB resurgence marked by a substantial number of patients with TB who did
not respond to treatment and who eventually died [4]. Physicians and epidemiologists quickly deter-
mined that these persons had multidrug-resistant TB (MDR TB). In 1993, TB was declared a global
public health emergency by the World Health Organization (WHO) [1]. The emergence of drug-
resistant strains of Mtb has become one of the most critical issues for TB control programs worldwide.
In 1994, WHO put forward the Stop TB initiative as a global platform to combat TB built on the di-
rectly observed therapy short-ourse (DOTS) strategy [3,5]. The DOTS strategy of tuberculosis treat-
ment recommended by WHO was based on clinical trials carried out in the 1970s by the Tuberculosis
Research Centre, Chennai, India [6]. The resurgence of TB is being driven by the confluence with the
HIV/AIDS pandemic, the spread of multidrug-resistant strains of Mtb and the difficulties in the DOTS
strategy. Launched in 1994 by WHO, the DOTS strategy reached only 23% of the people diagnosed
with TB to the beginning of 21 Century (2001-2002). The worldwide emergence of extensively drug-
resistant tuberculosis (XDR-TB) and the provisional definition of this form of TB were first reported
in November 2005. XDR-TB has been identified in all regions of the world, including the United
States. These difficult-to-treat resistant forms of TB [7] are increasingly seen in Asia, Eastern Europe,
South America and Sub-Saharan Africa, disrupting TB and HIV control programs. The current migra-
tion trends represent a threat from the human and healthcare perspective [8]. Immigration from TB
highincidence countries is known to contribute notably to the TB burden in low incidence countries
[9]. TB in foreign-born individuals is commonly the result of the reactivation of latent infection with
Mtb acquired outside the host country [10].

During the first half of the 20" century, no effective anti-TB therapy was available [3]. The era
of chemotherapy of TB began with the discovery of streptomycin (1943). Streptomycin (introduced in
1946) was the first antibiotic to fight TB. Para-aminosalicylic acid was discovered in 1946. Then iso-
niazid (Laniazid, Nydrazid) became available in 1952. Pyrazinamide was added to the list of anti-TB
drugs in 1954. By 1955 the combination of streptomycin, p-aminosalicylic acid and isoniazid was
adopted as a standard treatment by the western world. Owing to the inherent toxicity of aminoglyco-
side streptomycin, the need for parenteral administration and the availability of more potent drugs, its
use has declined worldwide. The introduction of rifampicin (RIF, also called as rifampin), first used in
1966, has revolutionized the treatment of TB. Unfortunately, no new drugs except rifabutin and
rifapentine (approved in 1998) have been marketed for TB in the US and other countries during the 40
years after the release of rifampicin. A single drug has come to the market after four decades (since
1971, when rifampicin was approved) namely bedaquiline (Sirturo™) [11,12]. The last 10 years have
made progress producing some new drugs (bedaquiline, delamanid, pretomanid). Nevertheless, no
new drugs could be added to the first line regimen in the last 60 years [11]. For almost five decades
the TB drug development process has remained stagnant [13]. Many potential drugs developed by the
classical approach (such as theoretical and computational predictions) often fail in subsequent testing
for reasons such as severe toxicity or undesired chemical interactions with unintended targets. There
are a number of constraints that have deterred companies from investing in new anti-TB drugs. The
research is expensive, slow and difficult, and requires specialized facilities for handling Mtb. There
are few animal models that closely mimic the human TB disease. The development time of any anti-
TB drug will be long. In fact, clinical trials will require a minimum six-month therapy, with a follow-up
period of one year or more. In addition, it is difficult to demonstrate the obvious benefit of new
anti-TB agents over pre-existing drugs since clinical trials involve multidrug combination therapy
using highly effective ordinary anti-TB drugs. Finally, there is the perceived lack of commercial return
to companies engaged in the development of new anti-TB drugs because over 95% of TB cases
worldwide are in developing countries [6]. The key challenges in the development of new treatments
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are the needs for novel drug combinations, new trial designs, studies in pediatric populations,
increased clinical trial capacity, clear regulatory guidelines, and biomarkers to predict the long-term
outcome.

Epidemiology

Mtb continues to kill millions of people yearly worldwide. WHO estimates that there are about
10.4 million new cases (in 2016) and 1.8 million deaths from TB each year. One-third of new cases
(about 3 million) remain unknown to the health system [2]. Only about 10 percent of individuals in-
fected with Mtb progress to active TB disease within their lifetime. Between 1990 and 2010, the abso-
lute global mortality from TB declined 18.7 percent from 1.47 million to 1.20 million and by 22 per-
cent between 2000 and 2015 [2]. There are areas in the world where TB has a rising trend: Sub-
Saharan Africa, Latin America (from Mexico to Peru); Asia (lraq, Iran Afghanistan, Pakistan, but
mainly India and Bangladesh). The situation is the worst in Africa, where half of all HIV-infected
adults also are infected with Mtb and 30 to 40% of all deaths due to AIDS are from TB [1]. In con-
trast, in Western Europe and in some countries of Middle Europe such as the Czech Republic, Slove-
nia, Slovakia and Poland with good TB prevention and treatment programs, the combined MDR-TB
prevalence was low. The Slovak Republic belongs to countries with a low incidence of TB (1% or
less) [14,15,16,17]. The Slovak Republic achieved the highest rate of successful TB treatment (85%)
in Europe. In January 2012 the government of the Slovak Republic decided stop obligatory Bacille
Calmette-Guerin (BCG) vaccinations in view of the low incidence and notification in the country [16].
From the neighbouring countries only the Czech Republic has a lower incidence of TB than the Slovak
Republic. A positive note was the fact that only two cases of TB and HIV coinfection were reported in
2008 in Slovakia.

Anti-TB drugs

The care of TB patients usually relies on nurses; they are frontline healthcare workers around
the world [18]. The treatment of TB disease requires multiple drugs for many months. Treatment regi-
mens vary according to countries. The drugs used in the treatment of TB (antituberculotics) are gene-
rally divided into first and second line anti-TB drugs (sometimes in three lines) — on the basis of their
efficacy, activity and adverse effects [5,19].

o First line agents: isoniazid, rifampicin, pyrazinamide, ethambutol, streptomycin.
e Second line agents: amikacin, p-aminosalicylic acid, capreomycin, ciprofloxacin, clofazimine, cy-
closerine, ethionamide, levofloxacin, rifabutin, rifapentine.

WHO compiles yearly reports about TB and provides clinicians guidelines for its treatment.
Earlier WHO guidelines (2011) stipulated that the choice of drugs for TB therapy should be based on
efficacy and toxicity in a step down manner, from Group 1 to Group 5. Group 1 included first line
drugs and groups 2-5 included second line drugs:

e Group 1. First line oral anti TB drugs: isoniazid, rifampicin, pyrazinamide, ethambutol, streptomy-
cin.

e Group 2. Injectable anti-TB drugs (injectable or parenteral agents): kanamycin, amikacin, capreo-
mycin.

e Group 3. Fluoroquinolones: levofloxacin, moxifloxacin, ofloxacin, gatifloxacin.

e Group 4. Oral bacteriostatic second line anti TB drugs: ethionamide, p-aminosalicylic acid, cyclo-
serine/terizidone.

e Group 5. Anti-TB drugs with limited data on efficacy and long-term safety in the treatment of
drug-resistant TB: linezolid, clofazimine, amoxicillin/clavulanate, meropenem, clarithromyin, thio-
acetazone, imipenem/cilastatin, high-dose isoniazid.
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In 2016, WHO provided an important and useful evidence-based new classification of anti-TB
drugs to help clinicians design anti-TB drug regimens more accurately. The new classification of
anti-TB drugs exclusively targets the management of drug-resistant TB cases and not all TB cases
[11,20].

e Group A. Fluoroquinolones: levofloxacin, gatifloxacin, moxifloxacin.
e Group B. Second-line injectable agents: kanamycin (streptomycin), amikacin, capreomycin.
e Group C. Other core second-line agents: ethionamide, cycloserine, linezolid, clofazimine.
e Group D. Add-on agents (not core MDR-TB regimen components):
— D1: pyrazinamide, ethambutol, high-dose isoniazid,
— D2: bedaquiline, delamanid,
— D3: p-aminosalicylic acid, imipenem/cilastatin, meropenem, amoxicillin/clavulanate (thioaceta-
zone).

Tuberculosis diagnostics

The causative agent of TB, M. tuberculosis, and more recently totally drug-resistant strains of
Mtb display unique mechanisms to survive in the host [1]. Acid-fast staining and culture for form 2
mycobacteria remain at the core of any diagnostic algorithm [21,22]. Historically, positive mycobacte-
rial cultures were identified on the basis of colony morphology and selected biochemical reactions
[22]. Since Mtb grows slowly [1], routine conventional culture based methods for drug susceptibility
testing take several weeks before the results become available, causing significant delay in identifying
and properly treating drug-resistant cases of TB. Therefore, there is a great effort to develop more
modern methods that would allow mycobacteria to be detected as quickly as possible. Following
growth in culture, molecular technologies may be used to identify definitive species. Currently, such
methods are molecular-genetic methods such as genomic (DNA) sequencing, hybridization and linear
probes, as well as matrix-sssisted laser desorption ionization time-of-flight mass spectrometry (MALDI
TOF MS) [23]. Pai et al. summarized [21] that currently there are three main validated methods for the
detection of active TB: microscopy, cultures and nucleic acid amplification tests (NAATS).

Sputum smear microscopy is still the primary method for the diagnosis of TB in low and middle
income countries. The major limitation of smear microscopy is its lack of sensitivity. According to
WHO recommendations for smear microscopy, there is insufficient generalizable evidence that the
microscopy of concentrated sputum specimens provides results that are superior to direct smear mi-
croscopy, and LED microscopy should replace conventional fluorescent and light microscopy [24].

Mycobacterial culture on solid agar (e.g. Lowenstein-Jensen) or in a liquid culture (e.g. Myco-
bacterial Growth Indicator Tube — MGIT) remains the gold standard test for the diagnosis of TB. The
solid culture is less expensive, but the liquid culture is faster, and more sensitive [19]. According to
WHO recommendations on mycobacterial cultures: a) the liquid culture is feasible for implementation
in lower-income settings; b) the liquid culture has a higher rate of mycobacterial isolation and shorter
time for detection compared with the solid culture c) rapid differentiation of Mth from other acid-fast
organisms recovered in culture is essential [25].

Early diagnosis of TB includes universal drug susceptibility testing (DST). According to WHO
recom-mendations on liquid culture based DST: a) automated liquid systems and molecular line probe
assays for first line DST are recommended as the current gold standard; b) as a minimum, national TB
control programs should establish the laboratory capacity to detect MDR-TB; c¢) DST for aminoglyco-
sides, polypeptides, and fluoroguinolones has been shown to have relative good reliability and repro-
ducibility.

There has been significant development in recent decades, including the WHO endorsement of
Xpert MTB /RIF, Xper MTB /RIF Ultra and MTBDRsI molecular assays (designed for the rapid de-



P. Beiio et al.: Development in pharmacotherapy and diagnostics of tuberculosis 77

tection of resistant forms of TB), loop-mediated isothermal amplification (TB-LAMP) and lateral flow
lipoarabinomannan (LAM). According to WHO recommendations on Xpert MTB/RIF: a) Xpert
MTB/RIF may be used as the initial diagnostic test in all adults or children suspected of having TB;
b) Xpert MTB/RIF should be used as the initial diagnostic test in adults or children suspected of ha-
ving MDR-TB or HIV-associated TB; c) Xpert MTB/RIF should be used as the initial diagnostic test
for cerebrospinal fluid specimens from patients suspected of having TB meningitis [26].

The methods used for the laboratory diagnosis of TB are continually evolving in order to
achieve more rapid, less expensive, and more accurate results. Improved testing means not only deve-
loping highly sensitive and specific assays to diagnose TB and drug resistance, but also tests that are
affordable, rapid, and have the capacity to be deployed at the most decentralised level (point of care —
POC) by health care workers with minimal training [27].

Conclusions

The optimistic forecasts that were made in the 1980s on the basis of a continual, albeit slow, de-
cline in TB incidence, are utopia from the perspective of the beginning of the third decade of the 21%
century. Despite 90 years of vaccination, 60 years of chemotherapy and recent scientific advances, TB
has not been eliminated as major health problem worldwide. The current efforts in the drug develop-
ment process are insufficient to completely eradicate the TB epidemic. The current management of
patients with MDR/XDR-TB is extremely complex for medical, social and public health systems.
Overburdened public-health systems with inadequate resources for case detection and management in
addition to high HIV coinfection rates in many regions have contributed to the emergence of XDR-TB.
The crucial factor for successful TB therapy is the ability to accurately and quickly detect the disease
agent and to identify it from clinical material. Routine methods such as chest X-ray, the tuberculin
skin test (TST), serological evidence or microbiological diagnostics — microscopy and cultivation,
which are the gold standard, have been used to date in TB diagnosis. The goals of the End TB strategy,
which aims to achieve a 90% reduction in TB incidence and 95% reduction in TB mortality by 2035,
will not be achieved without new tools to fight TB. They include the development new drugs, new
vaccines, and new diagnostic tests.
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