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Daugavpils Universite doctaju un studjoSo ziratniskas konferences notiek kops
1958. gada. Konfeream ir starpdiscipliars raksturs un tag piedais gan stugjoSie, gan dogtaji,
gan ar iewrojami ziratnieki no daZdam pasaules valgh. Daugavpils Universites
64. starptautisis ziratniskas konferences aijumu tematika bijaloti plaSa — dabas, vesmhs
apfipes, humaniro un nakslas un soaio zinatnpu jomas.

Zinatnisko rakstu Kgjuma Daugavpils Universiites 64. starptautisks zinztniskas
konferences rakstu kgjums = Proceedings of the 84International Scientific Conference of
Daugavpils Universityapkopoti 2022. gada 21.—22. apkonferen€ prezenttie materili.

Daugavpils Universiites 64. starptautigis zinitniskis konferences rakstu dfums tiek
publiccts 3 ddas: A. dda. Dabasziatnes B. dda. Soculas zimitnes C. dda. Humanitras
zinatnes

The annual scientific conferences at Daugavpilsvehsity have been organized since 1958.
The themes of research presented at the conferenges all spheres of life. Due to the facts that
the conference was of interdisciplinary characted @hat its participants were students and
outstanding scientists from different countries gubjects of scientific investigations were very
varied — in the domains of natural sciences, heediie sciences, humanities and art, and social
sciences.

The results of scientific investigations presentieding the conference are collected in the
collection of scientific articles’roceedings of the 6% International Scientific Conference of
Daugavpils University.

Proceedings of the 4International Scientific Conference of Daugavgilsiversity are
published in three parts: part Natural sciencespart B.Social Sciencepart C.Humanities.
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Abstract

Impact of physical modalities in the complex treatrent of lipoatrophia semi-circularis

(with a case report)

Key Words:Lipoatrophy, lymphatic drainage, LPG, massage, gi@kexercises
Lipoatrophy (LA) is a loss of fat, with subsequedepression in the skin. It is considered as a ¢@mdiresult of other
conditions. Can occur at any age. LA is most comriworiemales (because they have fewer muscles utider
subcutaneous layer). Different types of lipoatrophsy described: localized, partial or total.
Semicircular LA (lipoatrophia semi-circularis) israre disorder, increasingly detected amongst ferofiice workers,
characterized by the appearance of indentatiomséor both thighs (as result of localized lossuticutaneous fat).
Authors consider that this condition is caused hyious mechanisms, generated in the workspaceaatiens with
electro-magnetic fields (electrostatic hypothesdm)alized pressure (micro-traumatization).
Traditionally, every type of LA is treated by: Cadlen, Hyaluronic acid, Calcium hydroxyapatite (@tjens), or
Surgery. We consider that some physical modalitsesbe useful in the complex treatment of LA.
We present a case of a 32 years woman, office woskiéfering of “ribbed thighs” with horizontal bds (indentations)
in the anterior, antero-medial and antero-laterahs of the tight, at the office desk height (agpnate height 70 cm
from the ground). We applied a rehabilitation coexpbf regular physical activity (including swimminganalytic
exercises, manual massage, lymphatic drainagermontiegy and endermotherapy (LPG), diet (rich irefiy fruits and
vegetables, poor in lipids), mineral water. Aftgpexiod of 45 days we observed a re-sculpture efdiver extremities
with decrease of the “ribbed zones”, reductionhef fobular panniculitis, improvement of the skinds and elasticity.

1. Introduction
1.1. Lipoatrophy

Lipoatrophy (LA) is a loss of fat, with subsequent depression irskue. It is considered as
a condition, result of other conditions. LA can wcat any age. LA is most common in females
(because they have fewer muscles under the sulemutatayer). Different types of lipoatrophy are
described: localized, partial or total.

1.2. The condition “Lipoatrophy semicircularis”

Semicircular LA (lipoatrophia semi-circularis) is rare disorder, increasingly detected
amongst female office workers, characterized by appearance of indentations in one or both
thighs (as result of localized loss of subcutandat)s Many authors consider that this condition is
caused by various mechanisms, generated in thespack: interactions with electro-magnetic

fields (electrostatic hypothesis)or localized puoess(micro-traumatization). SL is a benign and
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reversible pathology, characterized by subcutandisssie atrophy, which affects subcutaneous
adipose tissue and related structures, and isddcatainly in the thigh region [Nogue, Sanz,
Tomas, Farrus; 2008). Commonly known as “ribbedti.

Semicircular LA was first described in 1974 (Gschder and Munzberg, 1974; Bachmeyer
and Haddad, 2011) and is characterized by the sampea of semicircular bands, unilateral or
bilateral, depressed, usually located in the amtesind lateral region of the thigh, and at an
approximate height of 72 cm from the ground. leaef§ women more frequently than men, having a
ratio of 6:1 (Hodak et al., 1990).

The origin of semicircular LA is not yet clear. Serhypotheses are that it is caused by
localized pressure or by electromagnetic fieldsd#lg David, Sandbank, 1990).
1.3.Treatment of Lipoatrophia

Traditionally, every type of LA is treated by: Cadlen, Hyaluronic acid, Calcium
hydroxyapatite (injections), or Surgery (Silva afitbni, 2014). We consider that some physical
modalities can be useful in the complex treatméhtro(Asenova, Koleva, 2020).

2. Aim of the article

The goal of current article is to present the piémf physical and rehabilitation medicine

for treatment of semicircular lipoatrophy.

3. Clinical case presentation

3.1. We present a case of a 32 years woman, office evpduffering of “ribbed thighs” with
horizontal bands (indentations) in the anteriotgeetmedial and antero-lateral areas of the tight,
the office desk height (approximate height 70 cmomfrthe ground). We observed localized
adiposity, skin flaccidity, and some depressedlesiand dimples on the found of lipomatosis and
cellulite. (Figure 7-a)

In this case, we applied a rehabilitation compléxregular physical activity (including
swimming) and analytic exercises; manual massageiphatic drainage; endermology and
endermotherapy (LPG); diet (rich in fibers, fruatsd vegetables, poor in lipids); mineral water.

3.2. The “Endermologie” Technique (LPG-Endermologyand endermotherapy)

In 1986 the French engineer Louis Paul Guitay (LB&)eloped a system to help care for the
fibrosis he developed as a result of violent trauias resembled the movement performed by his
therapist’s fingers, including additional effec&aphisticated software allows for possible phases o
continuous and sequential aspiration with mobiiaratof the tissues, offering the therapist an
endless range of possible interventions appropriatevarious pathologies. So began a true
revolution in physiotherapy.

The LPG company developed the science of endermaogcerning dermal tissue response

targeted using a mechanical stimulation with LP@sented head (i.e., a combination of dosed
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vacuum and grasped skinfold stimulation with LIP®@tanized rollers or LIFT motorized flaps),
based on the personal experience of the foundedawneloper of the patented ROLL technology.
(Figures 1 & 2).

A success story...
... Cellu M&’

r ¥1 '|I

Lot | ]

By b

: el

4 h-ﬂ 1
L

il

'Q Roll In - Body Slimming
1 Roll Out - Firmer Skin
J Roll Up - Body Contouring

)

Fig. 2. The patented ROLL technology

Physical modalities far lipsatrophin semi-ciroar

LPG-endermotherapy is a non-surgical and thus neasive, painless and entirely natural

technique, which consist in the natural stimulatmfndermal tissue using motorized flaps in a
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horizontal and vertical sequential grip supportgdabdosed vacuum (patented head with rollers,
which stimulate the skin using 3 rotation direciamiepending on the required effect). Different
directions of the rotation facilitates differentiaities (Fig. 2). Using Key Module we obtain aativ
action for connective tissue, vascular system, bodia function, adipose tissue, status of the skin,
collagen production, lymphatic drainage.

Such induced tissue gymnastics results in a regpaisthe cellular level (fibroblast
activation), lymphatic and circulatory system stiation, oxygenation improvement, and
subcutaneous sediment flushing, and it leads tdaimeation of new fibrous structures — collagen
and elastin and extracellular matrix, which impmwkin tonus and elasticity (Foldesova and
Drvota, 2015).

Endermologie® possesses some complementary adi@isallow treatment of different
types of tissues. Effects include: Mobilizationtloé tissues that characterize the different strastu
with consequent activation of the arteriolar miaradation; Traction of the connective tissue with
exercise of the skin; Activation of the reflectedcsa and stimulation of fibrous banding;
Neurometabolic regulation with metabolic activatid®hythmic compression of the tissues with

lymph drainage.

LPG - endermotherapy

R -y
/|

-

>

A
_frﬂg‘:. . B
7

Fig. 3.LPG-ergo-drive

Practically Endermologie technique tretits superficial muscular fascia
Surgeons and anatomists have often ignored or di¢iméeimportance of the superficial fascia

of the body — the systemic bandage: SFS (supdrfagaial system). An interesting anatomical and
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histological examination of the inferior limbs hetsown the presence of the “superficial fascia” as
responsible for numerous aesthetic alterationdhefskin surface (Bacci. 2000). The depressions
and elevations of the contour of the body are enpthby the anatomy of the superficial fascia and
from its relationships with the skin, the fat ah& musculo-skeletal system. The study of anatomy
and the understanding of physio-pathological exgbarof the superficial bandage system are the
basis for cosmetic therapeutic or surgical coroectf the silhouette. An anatomical study of the
Argentineans, Moretti, Schapira and Kaplan fouri#sgresence of a net of connective tissue that
extends from the subdermal plane to the musculaneposis (Moretti, Schapira, Kaplan et al.,
1993).

This net constitutes a true superficial band, fatrfrem various horizontal septa of collagen
and elastic fibers separated by fat lobules anaydverossed vertically by septa-type fibers. At the
subdermal level, the presence of the superficedifaalso constitutes a connection with the deep
dermis with bigger fibrous septa woven among thansuch way to provoke the separation of
adipose tissue in small compartments that orgathieesuperficial adipose tissue with the classic
structure of a honeycomb of bees. This structucalfiguration constitutes the “bundle-dermal
system”, of great functional importance. Even ia@mically a real plane of separation is not
observed among the superficial muscular fasciatlaadonnective fibers of the deep dermis we can
deduce that, functionally and histologically, thenttnuous imbrications of fibers collectively
constitute this “hypodermic superficial fascia”. thin patients the superficial band is well
delineated and of whitish color. In obese pati¢hésgreat quantity of adipose tissue stretches the
superficial fascia and attenuates the end makiddgfitult to recognize. The connective and elastic
fibers are diluted in the fat fabric and this caplain the error of some studies, ones that pubtiou
on the existence of this superficial band. Withdauibt, in the facial zone over the iliac crest ierm
appears as a deep band that is not found in thaléesex. In the women, instead, the fibrous band
appears with the muscular aponeurosis at a levifleof§ubgluteous that constitutes the base for the
adipose tissue situated in this zone. This diffeeeaxplains the difference in the contour of the
gluteus among the two sexes. The skin, the supdrfiascia and the superficial fat must to be
considered as a system of protection and functisnpport. This functional unity constitutes the
support of the adipose fabric and helps to prewieatabnormal location of this fabric in other
anatomical regions. The traction and stretchindghef superficial facial band and the superficial
muscular fascia with Endermologie is essentiahstteatment (Bacci 2003).

3.3. Regular physical activity (including swimming)and analytic exercises

Physical activity, sports and exercises are constlas obligatory element in the treatment
algorithms of every condition of the adipose tissueluding cellulite and lipoatrophy (Goldman
and Hexsel, 2003; Asenova and Koleva, 2020). Wetatti@ physical rehabilitation programme to

10



DAUGAVPILS UNIVERSITATES 64. STARPTAUTISKAS ZINATNISKAS KONFERENCES ~ PROCEEDINGS OF
RAKSTU KRAJUMS ~ THE 64 INTERNATIONAL SCIENTIFIC CONFERENCE OF DAUGAVPILS UNIVERSITY

the needs of the concrete patient, using the FFIciple: Frequency, Intensity, Time and Type of
exercises.
A. Regular physical activity

Recommendations of many scientific societies arented to healthy adults and to patients.
We recommended to our patient to strive for attl@é&6—-300 minutes a week of moderate intensity
or 75-150 minutes a week of vigorous intensity hiergohysical activity, or an equivalent
combination. Many sports can be applied: walkingiireming, tourism. In this case, we insist on
swimming, 3 times a week.
B. Analytic exercises

Analytic exercises for body sculpture were orientiedhe tight muscles: quadriceps femoris
(especially vastus lateralis and vastus mediahsl) lramstring muscles (especially biceps femoris
and semi-membranosus). Our recommendations inclpdettice of analytic exercises every day,

10-15 repetitions for every muscle, total durati®r-30 minutes.

e Analytic exercises

important for body re-modeling and re-sculpture

Fig. 4. Analytic exercises of tight muscles

C. Exercises in water immersi¢8tarkey, 2013)

The physical characteristics of water, buoyancsistance, and hydrostatic pressure, create a
good supportive medium for active range-of-motid®OM) exercises. These benefits can be
obtained in exercise therapy pools and swimminglgpoBor all immersion treatments the
temperature of the water is important, in this qasest be hypothermal (28—-32 degrees). Buoyancy
describes the lifting force (thrust) provided bytgraand is explained by Archimedes’s principle. If
the body’s specific gravity is equal to that of thater (1.0 for pure water), it floats just beneiu
surface. If the body's specific gravity is greatblan water, it sinks; if it is less, it floats.

11
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Therapeutically, buoyancy is used to reduce conspresorces on weight-bearing joints and assist
in anti-gravity motions. Movements of lower extréies in the water during swimming increase
blood flow, decrease pain (if present) and redwsdema. During immersion, patients can realize
analytic exercises for some muscles.

3.4. Manual massage

Massage is one of the oldest forms of healing tieckas. Using therapeutic touch, the body’s
tissues are manipulated to reduce muscle spasmmopeorelaxation, improve blood flow, and
increase venous drainage. The scope of massageet)dechniques, and effects is broad. Massage
is a skill- and knowledge-based technique (Gor@04.3)

Massage is an art, more than a therapeutic adtatrcomprises a feeling between the hand of
the operator and the tissues of the patient that mot be traumatized, but instead revascularized,
stimulated and cleansed. A well-done massage hesaw the body and the mind to increase the
skin temperature with stimulation of the microclation which favors intercellular exchange. A
global massage of the body can have a sedativenaatid, at the same time, stimulate the nervous
system. But massage doesn’t have to be violentrolomged to avoid provoking lymphatic
congestion. (Starkey, 2013)

Principal techniques, applied during classical nadnmassage in this case, included
effleurage, petrissage, friction, tapotement afation strokes. Our objective was to achieve some
physiological effects, as follows: stimulation dbtd flow, oedema reduction, separation of muscle
fibers and fasciae, providing systemic invigoratmftissues. In this case we applied toascle
stripping or exertion of sustained pressure along the mudsides, from the insertion (distal) to the
origin (proximal) and parallel to the muscle fibefghe tight (quadriceps and hamstrings). We used
too myofascial release (massage strokes with sameidtus stretching of the muscles and fasciae of
the tights — the goal was to restore tissue mgbilit
3.5. Lymphatic drainage

Lymphatic massage targets the lymphatic system atempts to remove edema, waste
products, and toxins from the body using light,thmyic strokes. This is one of few techniques that
can be used for acute musculoskeletal injuriesivaAtbn of the lymphatic system may limit acute
inflammation (Gordon 2013).

Lymphatic drainage is a physical method to redheestasis of the lymphatic fluid and the
toxic substances in the tissues. Lymphatic draingaget traumatic, but a gentle massage technique.
Manual lymphatic drainage has its scientific basishe study and teachings of Foldi and Leduc
(Foeldi, 1983; Leduc, 1980). It deals with a senégrazing and compressions on the lymphatic
system to improve lymphatic flow. In the Vodderheigue, lymphatic drainage becomes less

physical and more aesthetic in nature. Periodiclesymf manual lymphatic drainage are

12
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recommended according to Emile Vodder, particultglynaintain the tissues free from lymphatic
congestion. Some authors believe that manual lytigpdeainage performed with the hands is the
only one that can give acceptable results on lyrippathology (Bacci, Klein, 1zzo et al., 1996).

Lymphuﬁc druinuge - manual & lymphopressotherapy

l l cubital nodes

axillary nodes

watershed
inguinal nodes
1. Superficial Lymph
| Pathways

icien for lipon troplin semi

Fig. 5.Lymphatic drainage

3.6. Mineral water and specific diet
During the LPG procedures the water uptake wagased to 2.5 liters per day. Diet was rich
in fibers, fruits and vegetables, poor in lipidedarding the USDA food pyramid (Fig. 6).

-
DIE"' « USDA Food Pyramid

nptorsted Dy 1T @00k Artevgiri o (S et Fep BTy = aFhpuThy
Tyemi o W T Frutn md i il
rezormrandud bt the masporriar ol Sy paearis sz be B

Phiysical modalitiesfor lipoatrophin nemi - ciroulans

Fig. 6.Diet — USDA food pyramid
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3.7. Results of the rehabilitation

After a period of 45 days we observerkasculpture of the lower extremitieswith: decrease

of the “ribbed zones”, reduction of the lobular paulitis, improvement of the skin tonus and
elasticity (Fig. 7).

Patient’'s presentation — before & after treatmen

)
i
I

A~ “ribbed zones" (arrows) - before treatment ‘

B - COMPARISON - before & after = ~
= reduction of the lobular panniculitis, r ‘
= improvement of the skin tone and elasticity \

Fig. 7.Comparison of the patient’s signs: a — before tréenent, b — after treatment

We obtained some anthropometric changes, as wedbttion (from 72,1 kg to 69,3 kg) and
decrease of the Body Mass Index (BMI — from 28,26l kg/cm). The dynamics of centimetry
indices is presented on Table 1 and includes: temuof the waist circumference, hip tour and hip
circumferences (10 cm and 20 cm over the supedardof the patella).

Before INDICES After Treatment ~ Difference
treatment
kg 72.1 kg
kg/ cnt 28.4

98.5 Waist circumference
117.3 Hip tour

Centimetry 521 Hip circumference —

(centimeters) ' 10 cm over the patella
62 3 Hip circumference —

' 20 cm over the patella

14



DAUGAVPILS UNIVERSITATES 64. STARPTAUTISKAS ZINATNISKAS KONFERENCES ~ PROCEEDINGS OF
RAKSTU KRAJUMS ~ THE 64 INTERNATIONAL SCIENTIFIC CONFERENCE OF DAUGAVPILS UNIVERSITY

4. Discussion
Practically, our rehabilitation programme was basegrinciples of healthy lifestyle: regular
physical activity (swimming), hydration (with mirsedrwater) and diet. We applied systematically

manual massage, lymphatic drainage, LPG Endernelogi

5. Conclusion

Physical modalities can be very useful in the caxpgieatment of lipoatrophy, especially in
cases with Semicircular lipoatrophy. The most inigatrelements of the rehabilitation complex are:
Regular physical activity (including swimming) an@inalytic exercises; Manual massage,

Lymphatic drainage, Endermology and endermothe(aP%), Mineral water.
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Abstract

Contemporaneous opinions on cardioprevention and cdiorehabilitation (and our own experience)
Key Words:cardioprevention, cardiorehabilitation, rehabilttan team, European Society of Cardiology
The goal of current article is to present conterapeous aspects of cardioprevention and cardioréhtibn:
principles, algorithms, benefits of application.
According American Heart association, Cardiac rdhation (CR) is a professionally supervised pramgrto help
people recover from heart attacks, heart surgedy @ercutaneous coronary intervention (PCIl) proceslusuch as
stenting and angioplasty.
Authors discuss some contemporaneous documentsialGhurden of diseases study 2019, ESC guidelifgd ,2
Global Action Plan of Physical Activity 2018—2030.
In 2021 the European Society of Cardiology (ESCbhlighed Guidelines on cardiovascular preventiorclinical
practice; elaborated by representatives of the B8 12 medical societies. According these datajcpzation in a
medically supervised, structured, comprehensive,ltidigciplinary evidence-based cardiac rehabildati and
prevention programme is very important, as reconttagan of high class (I or 1l) and high levels efdence (A or B).
Some recommendations for cardio-vascular diseasksmodifiers are included: stress, plaque detachyg carotid
ultrasound, RR control). The role of physical aityiand exercise is underlined, with recommendatiohclass I, level
A and B.
Physical inactivity is considered as the fourthdieg cause of death in the world.
The events for stimulation of physical activity agestematized in the Global Action Plan on Physiadlvity (GAPPA
2018-2030), developed by the World Health Orgaidradnd the Pan-American Health Organization (PAH@h an
important goal: 15% relative reduction in the glopaevalence of physical inactivity in adults andokescents.
Principal initiatives include: create active soigst active people, active environments, activéesys.
Results of CR of different types of patients arespnted.

1. Goal of the article

The goal of current article is to present conterapeous aspects of cardioprevention and
cardiorehabilitation: principles, algorithms, batebf application.
2. Principles of cardioprevention and cardiorehabiitation
2.1. Definitions

Cardiac rehabilitation (CR) is the integrated tneait of individuals after cardiac events or
procedures with the goal of maximizing physical dion, promoting emotional adjustment,
modifying cardiac risk factors, and addressing mretio previous social roles and responsibilities
(Frontera, Silver, Rizzo, 2020).

According American Heart association, CR is a mei@nally supervised program to help
people recover from heart attacks, heart surgedy @@rcutaneous coronary intervention (PCI)

procedures, such as stenting and angioplasty.
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CR programs usually provide education and counge$iervices, to help heart patients
increase physical fitness, reduce cardiac symptamsiove health and reduce the risk of future
heart problems, including heart attacks. The CRitelude medical doctors (general practitioner,
cardiologist, surgeon, physiatrist), nurses, eserspecialists, physical and occupational thergpist
dietitians or nutritionists, psychologists, spdsialin Adapted physical activity (APA).

Indications for CR include cardio-respiratory fuonotl deficiency or cardiac insufficiency in
cases of:

e Heart attack;

e Heart condition, such asoronary artery diseas@CAD), angina or heart failure

e Heart procedure or surgery, including coronary artery bypass graffCABG) surgery,
percutaneous coronary intervention(PCI), including coronary angioplasty (balloon
angioplasty) and stenting, valve replacement, opacemakeror implantable cardioverter
defibrillator (ICD);

e Heart orhearth & lung transplant;

e Peripheral artery disease

The CR-team includemedical doctors(general practitioner, cardiologist, cardio-surgeon
physiatrist), nurses, exercise specialists, physical and occapati therapists dietitians or
nutritionists, psychologists, specialists in Adappdysical activity (APA).

Basic elements of CR-programme are: Pharmacologibatapy; Behavior; Patients’
education; Diet; Smoking cessation; Exercises.

CR has 4 principal phaseBhase 1- in-patient phasePhase 2— immediate out-patient;
Phase 3- intermediate out-patierffhase 4- maintenance out-patient.

Ultimately, we have some importadocumentsconcerning CR: Global burden of diseases
study 2019, ESC guidelines 2021, Global Action RlarPhysical Activity 2018—2030.

2.2. Global burden of diseases study 2019

In 2019, approximatelyl8.6 million deaths were attributed to CV@lobally. The age-
adjusted death rate per 100,000 population was823%ehighest mortality rates attributable to
CVDin 2019 weren Eastern Europand Central Asia (GBD, 1990-2019).

Globally, it was estimated that 2019, 197.2 million people were living with isohic heart
diseasg(IHD), and it was more prevalent in males tharfieimales (113.7 and 83.6 million people,
respectively).

North Africa, Middle East, Central Asia, aigstern Européad thehighest prevalence rates
of IHD in the world (Fig. 1).
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Global burden of 87 risk factors in 204 countries and T®
territories, 1990-2019: a systematic analysis for the Global
Burden of Disease Study 2019

Global Burden of Diseases Study
1999-2019
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Fig. 1.Global burden of diseases study — cardio-vasculanortality rates

2.3. ESC guidelines 2021

In 2021 theEuropean Society of Cardiology(ESC) publishe@uidelines on cardiovascular
prevention in clinical practice elaborated by representatives of the ESC and ddical societies
(ESC, 2021).

According these data, participation inn@edically supervised, structured, comprehensive,
multidisciplinary evidence-based cardiac rehabiib@ and prevention programmes very
important, as recommendation of high class (I patid high levels of evidence (A or B).

Some recommendations for cardio-vascular diseasi&smodifiers are included: stress,
plaque detection by carotid ultrasound, RR control)

The role of physical activity and exerciss underlined, with recommendations of class |,
level A and B.

Recommendations for C-rehathave a high level of evidence (Fig. 2):

e For all patients after CV-event or revascularizatie level I-A;
e Class ll-a, Level B — for CR after discharge;
e Class ll-b, Level B — for home-based CR, or teleale
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Recommendations for cardiac rehabilitation

Hecommendations

Farucipaton in a medically supenised. STruc-
tured, comprehensive. multidiscplinary EBCR
and prevention programme for pateents after
ASCYD events andlor revascularzation, and for
pathents with HF (mainty HFFEF), is recom-
mendsd o improve patient outcomes =™ =
Methods 1o increase TR and prevention referral
and uptake should be considered (Le. slectronic
prompts or automatic referrals, referral and Eai-
son visis, structured follow-up by nurses or
health professsonals, and early programme initia-
tion after discharge) ™ **

Home-based CR. telehealth, and miHealth inter-
ventions may be considered 1o ncrease patisnt
participation and long-term adherence to
healthy behaviours. “7

Developed by the Task Force for cardiovascular disease prevention
in clinical practice with representatives of the Eurupzan Society of

Cardiology and 11 medical socketies

With the s | bution of the European Assoclation of
ﬁunnﬁw@:@]ﬁ 7 (EAPC)
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Fig. 2.ESC recommendations for cardiac rehabilitation
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Same document includecommendations for physical activity (PAas follows (Fig. 3):

Class |, LeveHl — for 150—-300 minutes / a week PA of moderatansitye — for patients of every

age;

Class I, Level B — for reduction of sedentary ties— in adults;

Class |, Level B — for resistance exercises & agraltivity, at least twice a week;

Class ll-a, Level B — for lifestyle interventionsiented to intensification of PA.

patients of every age

week

RECOMMENDATIONS FOR PHYSICAL ACTIVITY

Class |, Level A - for 150-300 minutes | a week PA of moderate intensity - for

Class |, Level B - for reduction of sedentary lifestyle - in adults
Class |, Level B - for resistance exercises & aerobic activity, at least twice a

Class ll-a, Lovel B - for lifestyls interventions, oriented to intensification of PA

4.3.0ptimizing lifestyle
43,1, Physical activity and exercie
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Megonumendagions
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Fig. 3.ESC recommendations for physical activity
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WHO considereduced PA(sedentary lifestyleas the fourth leading cause of death in the
world. Physical inactivity is considered as the fourthdlag cause of death in the world.
2.4. Global Action Plan on Physical Activity 2018-@30 (GAPPA 2018-2030)

The events for stimulation of physical activity aystematized in th&lobal Action Plan on
Physical Activity(GAPPA 2018-2030), developed by the World Healtgadization and the Pan-
American Health Organization (PAHO), with an im@mtt goal:15% relative reduction in the
global prevalence of physical inactivity in adulied adolescent$World Health Organization,
2019).Various reasons may explain this habit: perceiveddtions in PA and effort; lack of time,
fun, and motivation; economic problems; misconaepiof the minimal volume of PA necessary
for cardiovascular health benefits; and unfavoraslieironments (lack of sports facilities, lack of
walking or cycling lanes, dangerous boroughs bexaok crime, etc.). Considering these
difficulties, more attention has been paid recentlysedentary behaviour (more than physical
inactivity), which has been defined as an energpeaditure <= 1.5 METs, while in seated,

reclined, or lying posture for several hours a (f@agganizacion Panamericana de la Sah@d9).

CRIEETIVE |

CREATE
ACTIVE SOCIETIES

MORE ACTIVF
PEOPLE FOR
A HEALTHIER
WORLD

Sk CREATE ACTIVE =
SYSTEMS '

CREATE ACTIVE
ENVIRONMENTS

Fig. 4.Global action plan on physical activity (GAPPA 208—-2030)

GAPPA 2018-2030 includes initiatives in four pripeal fields (Fig. 5): creation of active
societies, active people, active environmentsyadystems. Example$Active cities” — bicycle
lanes & walking paths; Media & Educational campasgfincl. in the social media); Initiatives of
Sport medicine societies; PA prescriptions from gkeeeral practitionners; Wellness programmes
at the work place; Fitness-centers — for the woskdfducational campaigns at school; For old
people — programmes of adapted &mini, Habibi, Islamoglu et al., 2021).
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Fig. 5. GAPPA (2018-2030) initiatives

3. Cardioprevention & cardiorehabilitation algorith m

CR must be individually dosed, adapted and commiollThe programme includes: Physical
Activity Counseling: Motivation to a Physically Ace Lifestyle; Perception Training, Body
Awareness, and Practical Skills of Self-Controlrét®c Endurance Training.

CR algorithm includes Functional assessment andtfeunal therapy.

For functional evaluation we apply: Sitting — Rising test; Timed Up and @st, 10 meters
walk test, 6-minutes walk test.

The CR programme includes basic physical activaiggrcises, analytic exercises, balance &
walking exercises; mechanotherapy, magnetic fieldjotherapy (American College of Sports
Medicine. 1994).

An individualized exercise prescription should ud# parameters for intensity, duration,
frequency, and mode. Progression should includeingration stage of 3 to 6 weeks, an
improvement stage of 4 to 5 months, and a maintanatage aimed at the adoption of a lifetime
exercise habit (O’Connell & Bezner, 2013).

First phase of the inpatient CRnust include:

e STEP 1:Sitting in bed, Respiratory exercises, Ankle & fexrcises; wrist & hand exercises;

e STEP 2:Exercises for proximal joints of extremities;

e STEP 3:Plus walking;

e STEP 4:Augmentation of the duration & the intensity of thieysical load — of exercises,

walking up to 10 minutes or as tolerated.
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Stages of exercise trainingp CR are:

e Initial stage — with 4-6 exercise units during 1-2 weeks, shomrase duration (15-30
minutes) and low exercise intensity.
¢ Improvement stage— exercise duration gradually prolonged up to 30riGutes and intensity
gradually increased,;

e Maintenance stage- gradually increase of exercise intensity and@sertime (as tolerated).

The dosageof physical load can me measured using: Karvoremila, Borg scale or
Metabolic equivalents (METS).

Physical activity protocols use Bicycle ergometryToeadmill (with variations — walking,
running, for geriatric patients — Nordic walking).

We apply aerobic endurance training and dynamiistaggce training, in some ambulatory
patients — High-intensity interval training (HIIT)

Finally, we prepare a scheme of home-based exen@sgng programme, adapted to the
needs of every patient.
4. Benefits of systematic cardioprevention & cardicehabilitation

Regular exercisesdecrease fatigue; improve performance in work- @ports-related
activities; recover blood lipid profile; enhancenmne reaction; ameliorate glucose tolerance and
insulin sensitivity; upgrade body composition; emte& sense of well-being; decrease risk of
coronary artery disease, cancer of the colon aedsbr hypertension, type 2 diabetes mellitus,
osteoporosis, anxiety and depression; ameliorabtgwf life (Pate et al., 1995).

Systematic cardiorehabilitation presents many benefits (Collins, 2013), as foll¢kig. 6):
reduction of total and cardio-vascular mortalitydaof hospitalization, amelioration of cardiac
function, improvement of ejection fraction, improvents in self-reported health status.

The most important benefits of physical training in cardiovascular patients,

including angina patients

Physical
training

traial

-]

Fig. 6.Benefits of systematic CR

Resulis of CR

HIHE =]
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Our own results on cardiologic and cardio-surgicapatients

During last 10 years, we explore the effects ofesysitic cardio-rehabilitation on cardiologic
and cardio-surgical patients, in the sub-acute @hagfter cardiac event due to coronary artery
disease (CAD), after percutaneous cardiac intetmerfPCI) and stenting, and after cardio-surgery
(coronary artery bypass graft /CABG/, valvular em@ment). Our patients enter into the department
of early CR at the day 5 to 7 after the respectik@cedure. For a period of 10 days of CR, we
observe significant effects, as follows: stabili@atof the functional status, amelioration of plogsi
performance, reduction of depression and anxiedgrahse of risk factors, amelioration of the
quality of life. Next figures present some resutsthe inpatient CR (Figures 7-10), as follows:
results of the 6 minutes’ walking test (6-MWT) -sw&lic blood pressure (Fig. 7), walking distance

(Fig. 8), effects on the heart rate (Fig. 9); reswlf the Minnesota quality of life questionnaire
(Fig. 10).

Effects-on-systolic-blood-pressure—at the-end of the relax-penod-afterwalic-(mm-Hg){

u Before CR
After CR
# Difference

Differance

/ Atter GR

|
|
T
o
o

/" Before CR

Experimental group T
Controls

Fig. 7.Results of 6-MWT — effects on systolic blood presee
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Fig. 8.Results of 6-MWT - effects on the walking distance

Effects of-CR-on the-heart rate-at-the-end of the test (beats-perminute)|
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Fig. 9.Results of 6-MWT - effects on the heart rate
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Fig. 10.Results of Minnesota quality of life questionnaire

5. Conclusion

In conclusion, we must underline the clinical imanoce of systematic cardiorehabilitation —
with significant benefits on physical performancel guality of life of patients — after cardiac etven

or cardiac surgery. Effects of CR on reduction dbrtality rate and hospitalization rate are
important too.
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Abstract

Impact of digitalized balance assessment for revisn of the coordinative training in cerebellar ataxa

(clinical case presentation)

Key Words:COVID, complications, ataxia, coordination, balartest, training
The goal of current article is to present a posW@®19 clinical case of cerebellar ataxia.
Corona-virus disease 2019 (COVID-19), caused bynthwely emerged coronavirus [severe acute respiratgmdrome
coronavirus 2 (SARS-CoV-2)], affected the publiahlie in the world. Many acute and chronic neuratagiissues
were considered as consequences of COVID-19: isulcastroke, inflammatory and neurodegenerative rdisis
(encephalomyelitis, leucoencephalitis, Guillain4®asyndrome and chronic demyelinating polyneuropatdapses of
Multiple sclerosis, Parkinsonism; cognitive impagmh, post-intensive care syndrome (PICS), Memaitgn&on and
sleep problems; Brain fog, Post-traumatic stresslisyme, Depression and Anxiety.
Cerebellar degeneration and subsequent cerebédigia CA) include a group of disorders, affectiogordination,
balance and speech. The outlook for ataxia vargidenably, but most adult onset ataxias will getgpessively worse
over many years. A multidisciplinary approach isessary in CA.
We present a case of a woman of 51 years, withdédeloped progressively for a period of 7—8 montis;onset was
25 days after a Corona-virus disease (fever uBtG,2headache, fatigue, myalgia and arthralgia, witlpmeumonia).
At the entry in our department, she presentedg@rtbalance and gait instability, dysmetria anddghgslochokinesia,
muscular cramps in both legs, ataxic dysarthriariiguthe TYMO Balance test (TyroMotion system), wietained
oscillations of the center of pressure and exterslealy area, with considerable anterior-posterispldcement. The
instability increases on instable surface and &fyes’ closure. Romberg index 0.74.
Many studies provide Class Il evidence that camative training improves motor performance and ceduataxia
symptoms in patients with progressive CA.
The detailed digitalized evaluation of the equilibn was the base for structuration of a complexning of the
balance, gait and coordination, adapted to thesyeethe concrete patient.

1. Introduction and goal of the article

The goal of current article is to present a posW@D19 clinical case of cerebellar ataxia.
During the assessment of the patient’s static loalawe applied a detailed digitalized equilibrium
assessment. Detailed evaluation help us to ademtémdard coordinative training to the individual
needs of the concrete patient in the concrete moofatevelopment of the disease.
2. Covid-19 and some neurological consequences

Corona-virus disease 2019 (COVID-19), caused byniwly emerged coronavirus [severe
acute respiratory syndrome coronavirus 2 (SARS-Qyy-affected the public health in many
countries, including Bulgaria.

Clinical manifestations include fever, cough, shesss of breath, headache, fatigue, myalgia
and arthralgia, in some cases — anorexia, ageusia amosmia (loss of taste and smell).

Consequences of severe and critical forms of COWiglude Respiratory insufficiency,
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Deconditioning, Dysphagia, Joint stiffness and paanitical-iliness related Myopathy and

Neuropathy, and complications of the central antpperal nervous system.

Ultimately post-COVID or long COVID-19 syndrome waescribed, including: Fatigue,
Difficulty breathing; Shortness of breath, Coughind pain; Chest pain; severe acute respiratory
syndrome (SARS); Fast or pounding heartbeat; Mysaile or headache; Loss of taste and/or smell;
Rash or hair loss.

Many acute and chronic neurological issues weraidened as consequences of COVID-19:
ischaemic stroke, inflammatory and neurodegeneratidisorders (encephalomyelitis,
leucoencephalitis, Guillain-Barre syndrome and onlw@emyelinating polyneuropathy, relapses of
multiple sclerosis, Parkinsonic syndrome); posemsive care syndrome (PICS), Memory, attention
and sleep problems; cognitive impairment; Brain, flogbility to concentrate; Post-traumatic stress
syndrome, Depression and Anxiety; Sleep issues.

3. Cerebellar ataxia

3.1. Cerebellum — anatomo-physiological correlation

The anatomy of the cerebellum in the posteriordasfsthe intracranial cavity is complex, but
it can be separated into three major structures:

e The midline cerebellum, which includes the cerevelermis, the fastigial and interposed nuclei
(globus and emboliform), the vestibulo-cerebellwoniposed of the flocculus and nodulus), and
the paravermis / intermediate zone,;

e The two large cerebellar hemispheres, includingitivgate nuclei.

Cerebellar syndromes can be divided into symptorrsng from damage to the midline
structures or hemispheric structures, althoughethersignificant clinical overlap between these
syndromes (Grimaldi, Manto, 2012).

Function of the cerebellum include: Control of lmala and ocular movements; Planning of
movements that are about to occur; Coordinationcomplex and sequential movements;
Maintenance of muscle tone.

3.2. Cerebellar degenerationand subsequent cerebellar ataxia include a grdugisorders,

affecting coordination, balance and speech. Altlhocgrebellar degeneration may be chronic and

slowly progressive, acute cerebellar swelling doienfarction, edema, or hemorrhage can have
rapid and catastrophic effects and is a true negiolemergency.

3.3. Types of ataxia

Ataxia is usually caused by damage to the ceremelhut it can also be caused by damage to
the spinal cord or other parts of the nervous syst@amage can occur as a result of injury or
illness (acquired ataxia) or because the cerebelunspinal cord degenerates because of an
inherited faulty gene (hereditary ataxia) (Timmaiiener, 2007). Sometimes there's no clear
reason why the cerebellum and spinal cord becomeagded. This is the case for people with
idiopathic late-onset cerebellar ataxia.
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There are many different types of ataxia, which bandivided into three broad categories
(Winchester, Singh, Mikati, 2013):

e Acquired ataxia— Alcohol, stroke, medications (Benzodiazepinesngtoin; some types of
chemotherapy, Vitamin B deficiencies (B1, B6, BIltiple sclerosis, Autoimmune diseases
(Sarcoidosis, encephalomyelitis), Infections (HIML,yme, COVID-19), Paraneoplastic
syndromes, Cerebral abscess, benign or malignamttry head trauma and others;

e Hereditary ataxia— Autosomal recessive ataxias (Friedreich’s atakidson’s disease, Ataxia-
telangiectasia), Autosomal dominant ataxias (Smgreleellar ataxias, Episodic ataxia);

¢ Idiopathic late-onset cerebellar ataxia (ILOCAWwhere the brain is progressively damaged over
time for reasons that are unclear.

3.4. Clinical Featuresof cerebellar ataxia include (de Bot, Willemsenyrideer et al. 2012; Fogel

and Perlman, 2006): Gait ataxia — abnormal widethasnsteady gait; Truncal ataxia; Limb ataxia

with dysmetria; Dysarthria; Dysdiadochokinesia; miog; Oculomotor dysfunction (including
nystagmus).

3.5. Outlook

The outlook for ataxia can vary considerably anddly depends on the type of ataxia. Some
types may remain relatively stable or even impneita time, but most will get progressively worse
over many years.

Life expectancyis generally shorter than normal for people witheldgary ataxia, although
some people can live well into their 50s, 60s grobe. In more severe cases, the condition can be
fatal in childhood or early adulthood. For acquiadédxia, the outlook depends on the underlying
cause. Some cases may improve or stay the samle, ather cases may get gradually worse over
time and reduce life expectancy (Benussi, Cantdanes et al., 2021).

3.6. Treatment of ataxia

A multidisciplinary approach is necessary in casils Cerebellar Ataxia.

In most cases, there is no cure for ataxia andatipp treatment to control the symptoms is
necessary. This may include: medication to contnaliscle, bladder and eye problems;
physiotherapy to help with coordination and enhambility; occupational therapy to help the
patient cope with the activities of daily life (ADlproblems; speech and language therapy to help
with speech and swallowing problems.

In a few cases, it is possible to improve ataxiastp it getting worse by treating the
underlying cause (llg, Synofzik, Broétz, Burkarde&e, Schdls, 2009).

4. Case presentation

51 year old female with CA, with progressive depeh@nt for a period of 7-8 months; the
onset was 25 days after an acute COVID-19 infedfiever up to 38, headache, fatigue, myalgia
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and arthralgia, without pneumonia). At the begignithe patient suffered of vertigo, balance and
gait instability, cramps in both legs. Upon entmyour clinic, she presented vertigo, balance aiitd ga
instability, dysarthria, dysmetria, dysdiadochokiiae muscular cramps in both legs. Difficulties in
gait in stable floor and upstairs.

Clinically diagnosed syndromes: static, locomotagd dynamic ataxia; central oto-
neurological syndrome.

No significant deviations in the laboratory results

Computer tomography (CT) and Magnetic resonancgemna(MRI) demonstrate cerebellar
degeneration and cerebellar atrophy; supratentprialin the right parieto-occipital region —
presence of small hypodense zones in the subdoatitie substance.

Auditory evoked potentials — without alterationtbe auditory afferentation at the level of
truncus cerebri.

Visual evoked potentials — without alteration of thsual afferentation.

Electroneurography and electromyography of lowéreznities — normal values.

Otoneurological exam: positive Romberg, Centraketyb vertigo. Central oto-neurological
syndrome.

We realized digitalized equilibrium assessmentgishe Thyro Motion system, with Thymo
platform. During the TYMO Balance test, we obtairestillations at the center of pressure (CoP)
and extended sway area, with considerable antpasterior displacement (Fig. 1 and Fig. 3). The
instability increases on an unstable surface atel &ye closure (Fig. 2 and Fig. 3). The CoP
parameters with medio-lateral and antero-posteligplacements and deformation of the sway area
are presented on Figures 3 and 4. Frequency asagmirted a Romberg index at 0.74.

Fig. 1.Balance assessment on the Thymo-stable platform
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Fig. 2.Balance assessment on the Thymo-unstable platform
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Fig. 4.Balance test report — center of pressure (CoP) panaeters and Romberg index

The detailed digitalized evaluation of the equilion was the base for elaboration of a
complex rehabilitation programme, emphasizing darxe, gait and coordination training; adapted
to the clinical specificity of the concrete patievite included physiotherapeutic and ergotherapeutic
procedures, e.g.: balance training in sitting andstraight position; training of core-muscles;
exercises on weight distribution with alternativeight transfer between both legs; balance training
on stable and unstable platforms; gait trainingprdmation exercises for the whole-body (in
different positions) and for extremities — with shwbjects, medical balls, Swiss ball and different
gadgets. We included exercises for training of legred coordination. We consider necessary neuro-
muscular coordination exercises, as well as exesds cerebellar coordination.

The complex neurorehabilitation (NR) programme \eéaborated for a month, including
physiotherapy, ergotherapy, electrical stimulationsnuscles — ankle extensors (for stabilization of
the feet), psychological intervention (for reactione, for reactive depression and anxiety), tragni
of abilities in activities of daily life. The coartative training (of 15 sessions) was distributed3
times weekly.

5. Discussion and conclusion
Physical activity in adults has numerous beneiitsluding improvement of physical health

and fall prevention (Poduri, 2017). Several pramigrs recommend aerobic exercises, resistive
exercises, flexibility exercises, physical fitnessl balance training (McKeown, Crawford, 2017).
Many authors consider that balance and coordinaia@icises can ameliorate motor performance

in degenerative cerebellar disease.
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llg, Synofzik, Brotz, Burkard, Giese and ScholsQ2Pfrom the Departments of Cognitive
Neurology, Hertie Institute for Clinical Brain Reseh and Center of Neurology in Tlbingen
(Gernmany) examined the effectiveness of a 4-wetdnsive coordinative training for 16 patients
with progressive ataxia due to cerebellar degeiveré&h = 10) or degeneration of afferent pathways
(n = 6). As results they reported significant imgrments in motor performance and reduction of
ataxia symptoms were observed in clinical scorésr @faining and were sustained at follow-up
assessment. Patients with predominant cerebelaraatevealed more distinct improvement than
patients with afferent ataxia in several aspectgaf like velocity, lateral sway, and intra-limb
coordination. Consistently, in patients with cefgyebut without afferent ataxia, the regulation of
balance in static and dynamic balance tasks impraignificantly. Authors conclude that in
patients with cerebellar ataxia, coordinative tirggnimproves motor performance and reduces
ataxia symptoms, enabling them to achieve perspnahaningful goals in everyday life. This study
provides Class Il evidence that coordinative tirggnimproves motor performance and reduces
ataxia symptoms in patients with progressive cdiabataxia.

In conclusion, we must underline that multidisaipliy approach is necessary in cerebellar
ataxia, due to the multitude of progressive motat aon-motor symptoms. Physical rehabilitation
should be offered to all patients with ataxia. @Qmmus exercise programs have shown positive
results. Coordination training improves motor parfance and reduces ataxia symptoms in patients
with progressive Cerebellar Ataxia. The digitalizedquilibrium evaluation is useful for the
elaboration of a complex rehabilitation programamgapted to the individual patient with cerebellar

ataxia.
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Abstract

Is prolonged preoperative antimicrobial prophylaxisafter major lower extremity amputation necessary?

A four-year single institution trial

Key Words:preoperative antimicrobial prophylaxis, cefazolimaajor lower extremity amputation, peripheral agter
disease, gangrene
Introduction: Surgical site infection (SSI) is one of the leadsnggical complications. SSI increases hospital atad
mortality. SSI is preventable with preoperativeilgintic prophylaxis. There is an ongoing discussatrout prolonged
preoperative antimicrobial prophylaxis for certgipes of surgery.
Objective: Compare 7-day cefazoline (cef.) treatment planefsane day preoperative prophylaxis in preven&®i
and systemic infection after major lower extrengitgputation.
Methods and materials: Trial was conducted in Riga East clinical universibspital from 2018 to 2022. Before major
lower extremity amputation patients were randondgigned to one of the two study groups. Prophylaxisup
received 1 dose cef. preoperatively. 7-day treatmpkam received preoperative dose and additiortaltydoses for next
6 days. Data was acquired about infection riskdi@ctPearson Chi square, logistical regressionMawtel-Haenszel
test was used for data analysis. Level of statistignificance: p < 0.05. Data analysis performétth IBM SPSS 23.
Results: 191 patients admitted to study. Average age: 1BR. £ 9.8). 22 patients were excluded. Prophylaxaup
had 81 patients, seven-day course group had 88sdte&hi square test found no statistical signifaea between
treatment group and SSI (p = 0.2). Amputation sturamatoma or trauma had a greater chance of SSIQ948,
OR = 4.4, 95% CI = 1-16.9). Mantel-Haenszel tesinfb no significance between age and SSI (p = .2&ystemic
infection (p = 0.8) and risk factorsX un>2 risk factors) and SSI (p = 0.1) or systemic ititec(p = 0.8).
Conclusion: In lower limb amputation antibiotic prophylaxisrist inferior to prolonged antibiotic treatment.

Kopsavilkums

Vai paildzinata preoperafiva antimikrobi ala profilakse ir nepiecieSama

pec apakjas ekstremitates amputcijas?

Atslegvardi: preoperaiva antimikrobila profilakse, cefazats, apak§o ekstremitSu ampuicija, perifero arteriju
slimiba, gangéna
levads: Eiropa kirurgiska brices infekcija KBI) veido lielu ddu nokirurgisko pacientu gcopetcijas komplikicijam.
KBI pagarina pacientu staciegaras laiku un palielina nepiecieSan pec papildus kirurgiskas iejaukSaas.
Preoperava antibiotiku profilakse (PAP) ne@vs KBI. Pastv diskusija par pagaritas PAP izmantoSanu daifs
kirurgiskas ope#cijas.
Merkis: Izvertet cefazoina (cef.) septiu dienu kursa ghu un cefazaha vienas dienas preopavas prevencijas ghu
lokalu un sisémisku infekciju prevencij pacientiem pc aterosklerotisis gangénas kjas ampucijas.
Metodes: Petijums veikts Rgas Austrumu khiskas universiites slimiaca no 2018. gadaidz 2022. gadam. Pirms
apaksjas ekstremittes ampuicijas pacienti tika iefauti viers no divam petijumu gru@m. Profilakses grupa sama 1
cef. preoperatu devu. 7-diendrstESanas f@ina grupa sgma \el papildus divas devasakanis 6 dienas. Tika i@kt
dati par infekcijas riska faktoriem. Datu azel izmantots Psona H kvadiata tests, Igistiska regresija un Mantela-
Henzela tests. ®iskuma Imenis izélets p < 0,05. Datu arizk veikta ar IBM SPSS 22.
Rezultati: Petjuma piedaijas 191 pacients, vighis vecums 77 gadi (SD = 9.8). Nétjuma izskdza 22 pacientus.
Cefazoina profilakses grup bija 81 pacients, cefazoh arstSanas grup bija 88 pacienti, IzmantojotiRona H
kvadmta testu neapstiprijas statistiski ticama saib starp cefazola 7 dienu kursu uiBI (p = 0.2). Ampuicijas
stumbra hematoma vai trauma ir ségstr lolilu infekciju (p = 0.048, OR = 4.4, 95% CI = 1-16.8)antela-Henzela
tests neatrada statistiski ticamu asogii starp vecumu uBI (p = 0.2) vai sigtmisku infekciju (p = 0.8), starp
ampuficijas veidu (transtilala un transfemata ampuicija) unKBI (p = 0.22) vai sigmisku infekciju (p = 0.77), starp
infekcijas riska faktoru skaita&{ un>2 infekcijas riska faktori) uKBI (p = 0.1) vai siggmisku infekciju (p = 0.8).
Secirajums: Cefazoina pagariats 7 dienu kurss navapks par cefazaha profilakses kursu beces infekcijas
prevenci.
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Introduction

Surgical site infection (SSI) is third most frequentrahospital infection. SSI increases
hospital stay and increases chance of additiongical intervention. According to ECDC from all
intrahospital infections SSI is ranked third (ECR2013). SSI is preventable with preoperative
antibiotic prophylaxis (PAP). It is an importantrpaf modern surgery. Correct type, dosage and
timing prevents SSI (Bowater et al. 2009). Unneagssnd prolonged PAP increases chance of
antimicrobial resistance. It is an important andbgll public health concern. According to ECDC
data yearly epidemiological report on antimicrolvedistance in Europe — Baltic region had higher
rates of antimicrobial resistance than averageurofge (ECDC 2019). Almost 15 percent of all
used antibiotics in hospital are for preoperativginaicrobial prophylaxis (Ansari et al. 2009).
There is discussion weather implement prolongedpaeative antimicrobial prophylaxis for certain
types of surgery.

Throughout 1950s and 1960s PAP was prescribedoatnged courses globally — seven to
eight days (Nichols et al. 2005). In the followipgars prolonged PAP showed no reduction at SSI
rate (McDonald et al. 1998). Benefits have beereniesl in patients for elective hip endoprosthetic
surgery (Engesaeter et al. 2003). Study on cardawar surgery had different findings. Prolonged
PAP didn't reduce SSI rate, but raised the chaocénfection of multiresistant bacteria (Harbarth
et al. 2000). European multicenter study perfornme@006 observed that 60 percent of surgery
patients receive prolonged antimicrobial preopeeapirophylaxis longer than 24 hours (Ansari et
al. 2009). The goal of the study is to evaluateazeline seven-day plan vs cefazoline one day
preoperative antimicrobial prophylaxis at redugogtoperative local and systemic infection rate in
patients after major lower leg amputation due headsclerotic gangrene.

Material and methods

Study was done in Riga East clinical university gitzd from 2018. to 2022. Study is
accepted in University of Latvia “Kardiglgas un rgeneralvas Medianas instiita ziratniskas
izpetes” Ethical committee. Patients were introducedttmly methods, its goals, duration, risks and
gains. Study organizers replied to patients’ qoesti Patients were informed that they may quit the
trial at any time. Study design: prospective, raned trial.

Patients were enrolled in the study according boong criteria:

e Patient gives informed consent to the study,

e Age 18-95 years old,

¢ No data for an active infection,

e Patient has indications for major lower extremitypatation due to gangrene caused by

peripheral artery disease.
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Patients were excluded from the study if:

¢ Patient declines to take part or study or is unghle an informed consent,

e Patient is allergic to cephalosporin group antibt

e Recently (less than two weeks) received antimiaiabierapy,

e Has postoperative amputation necrosis due to iseh@nadequate blood flow to the amputation
stump).

After confirming their participation in the studgfeents were randomly assigned to one of the
two study groups. Randomization was done by gipadicipants even or uneven number therefore
maintaining group ratio 1:1. Patients with even bemwere assigned to cefazoline prophylaxis
group. Patients with uneven number were assign@dalonger cefazoline prophylaxis. Cefazoline
prophylaxis group (cef. pr. gr.) group received @gpzoline intravenously 30 to 45 minutes before
operation. Cefazoline treatment (cef. tr. gr.) grpatients received cefazoline 2 g intravenously 30
to 45 minutes before operation and continued raogivephazolin 4 g per day for next 6 days.

Data was acquired about patient duration of holgmtiton, recent use of antibiotics,
hyperglycemia, hemotransfusion, anemia, amputagtbimp hematoma/seroma, MSSA/MRSA
material in patients’ nasal material, use of immsuppressive drugs, local infection and systemic
infection. Pearson-Chi square test was used tdifgeassociation between sudsy groups and the
outcomes. Logistical regression was used to estirotiter factor influence. Mantel-Haenszel test
analyzed association between local and systeméctioh rates in different patients with different
age and amount infection of risk factors. Studysigance set at p < 0.05. Data analysis performed
using IMB SPSS 22.

Results

191 patients admitted to study. Average age: 7GR £ 9.8). 22 patients were excluded.

Prophylaxis group had 81 patients, seven-day caymg had 88 (see Table No 1).

Table No. 1Patient demographical data, type of amputation, awage hospital stay,
local and systemic infection cases in study group

Cef. prof. gr. (n = 81) Cef. treatm. gr. (n = 88)

Average age 76,9SD +9.,8 77,4SD +9,6
Gender: male/female 56/25 34/54
Amputation level: crural/femoral 14/67 16/71
Local 6 (7.4%) 4 (4.5%)
Systemic infection 8 (9.8%) 10 (11.3%)
Average hospitalization stay (days) 17,4 18,3
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Study had 10 cases of SSI and 18 cases of systef@ation. 6 SSI and 8 systemic infection
cases were in cefazoline prophylaxis group (see Fignd Fig. 2). 4 SSI cases and 10 systemic
infection cases were in cefazoline treatment gragspite prolonged hospital stay in cefazoline
prolonged treatment plan group both study groupmbk duailar systemic infection case proportion.
Both groups have similar ratio between surgery aatmn levels. In both groups more than a half
of the patients spent more than three days in teddpeéfore surgery. In both groups more than a
third of patients had type 2 diabetes. Hyperglyeewas observed 13 patients in prophylaxis group
and 14 patients in treatment group. Almost halfpatients in both study groups had anemia.
Hemotransfusion was done for 6 patients in eadchebtudy groups (see Table No. 2).
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Local 801 Systemic
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M no B no
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E . . Yes
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o =
b o 407
< £
<
20
r
Cef. prof. gr. Cef. treatm. gr. Cef. prof. gr. Cef. treatm. gr.
Study group Study group
Figure 1.SSI count in study groups Figure 2.Systemic infection difference

in study groups

Table No. 2Infection risk factors between study groups

Cef. prof. gr. (n = 81) Cef. treatm. gr. (n = 88)

Patients has been hospitalized during last thresthmso 32 33

>3 days in hospital before surgery 43 57
Hyperglycemia 13 14
Hemotransfusion 6 6
Anemia 35 40
Amputation stump trauma, seroma or hematoma 9 10
MSSA or MRSA enucleation in patient’s nasal materia 19 20
Cardiovascular disease 60 69
Chronic renal disease 11 17
Diabetes 29 31
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Pearson Chi square test found no statistical sagmte between treatment group and SSI
(p =0.2). Same test didn't find statistical sigzahce between duration of cefazoline use and
systemic infections. Amputation stump hematoma raurha had a greater chance for SSI
(p =0.048, OR = 4.4, 95% CI = 1-17.9). Stayinchospital more than 3 days before surgery was
associated with a higher chance for systemic idecfp = 0.01, OR = 5,4, 95% CI = 1,5-20;
p=0.02, OR = 12,3, 95% CI = 1,6-88). Mantel-Haethgest found no significance between age
and SSI (p = 0.2) or systemic infection (p = 0.8 aisk factors €1 un>2 risk factors) and SSI
(p = 0.1) or systemic infection (p = 0.8).

Discussion

Pearson-Chi statistical analysis found a statibyicansignificant difference between
prolonged use of cefazolin and local or systemieation. Stratifying patients by age, amputation
type and amount of infection risk factors. In patgewith amputation stump hematoma, seroma or
trauma logistical regression found an increasecahaf local infection. Because the odds ratio
had a wide confidence interval it may only be cdestd as a tendency. Staying in hospital more
than three days before surgery or receiving hemsftugion increased the chance of systemic
infection. Tough study analyzed multiple risk fastgoeripheral artery disease itself is an infectio
risk factor.

Despite patients receiving different doses of aglfae there was not a difference in systemic
infection between the study groups.

Postoperative infection is a significant burdergiobal healthcare. It increases hospital stay
length and mortality. According to World Health @rgzation the amount of surgical
manipulations increases by the year (Weiser &(l6). Rise of global antibiotic use and following
antimicrobial resistance is expected. There iscgcdata on amputations due to peripheral artery
disease and postoperative antimicrobial prophyléisintosh et al. 2009). Therefore, infection
risk factor identification and infection preventiam peripheral artery disease patients after major
lower extremity amputation is perspective and nemgsfuture study field.

Conclusions

1. Study hypothesis was confirmed: in preventingtgperative infections cefazoline seven-day
course is not superior to cefazoline as one dagpgam®tive antimicrobial prophylaxis.

2. Amputation stump trauma, hematoma or seromaases local infection risk.

3. Patients receiving hemotransfusion or stayingeniban three days in hospital before surgery
increased systemic infection risk.

4. Stratifying patients according to age, ampuimatigpe and amount of infection risk factors no
statistically significant association was foundvietn prolonged cefazoline use and SSI or

systemic infection.
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5. The study may be prone to type Il error dueintitéd amount of study subjects. To reach
necessary statistical power the study ought toobéirrued.
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Abstract

Impact of a cosmetic product containing Dracocephalm ruyschiana extract

on biophysical parameters of the skin

Key Words:dermatology, hydration, Dracocephalum ruyschiana
Introduction. Skin changes with age, it produces less collagastie and hyaluronic acid, loses elasticity, beesm
drier and these changes can affect the qualitifeofracocephalum ruyschiana callus culture exthas demonstrated
in studies (in vitro) that it promotes the prolddon of keratinocytes and dermal fibroblasts, states collagen
synthesis and inhibits its degradation, protects gkin from ultraviolet radiation induced oxidatigéress, inhibits
endothelial cell proliferation and neoangiogenesis.
Materials and methods.Participants (n = 42) were asked to apply two pestiucts on a clean facial skin twice a day.
The test products were marked — one for the |df sif the face and the other one for the right sidhe face. Only
one of both cosmetic products contained Dracocephaliyschiana extract, participants did not knoviciwtone of the
both products contains a plant extract. Instrumergsessment of hydration, viscoelasticity (R2, RB), pigmentation
and erythema parameters were made using Corneofddte825, Cutometer dual MPA580 and Mexameter MX18
(Courage + Khazaka GmbH, Germany). Parameters evaleated three times: before using cosmetic prisdideay 0O)
and after 4 and 8 weeks of regular everyday ugsbetest products. Six measurements were madeglasoh visit:
three on the participant's right cheek and threettan left cheek to determine skin hydration, visastcity,
pigmentation and erythema parameters. The assesatserincluded standardized photography durindy eésit using
Reveal Imager. At the end of the study, participaariswered written questions about the cosmetiduste and its
effectiveness. Independent and paired sample Twtest used for analyzing collected data. P value,G5 Qvas
considered statistically significant.
Results. Statistically significant increase in the skin hatibn level was observed on the left side of thadl skin in
the start of the study (day 0) (46,52, SD = 9,6dhpared to the hydration level after 8 weeks (5555 = 10,99),
p = 0,000107. Statistically significant increase tire skin melanin level was observed on the botlessiof the
participants facial skin — on the left side in #tart of the study (day 0) (137,61, SD = 25,50) jgarad to the melanin
level after 8 weeks (153,10, SD = 34,67), p = 03BBLand on the right side of the facial skin in @t of the study
(day 0) (137,76, SD = 23,96) compared to the meldeiel after 8 weeks (156,64, SD = 34,05), p 00823. The
increase in the skin melanin level was explainetheysummer season when the measurements were made.
Conclusions: Everyday use of cosmetic product containing Drapbalum ruyschiana extract leads to improvement in
hydration level of the skin.

Kopsavilkums

Kosmetiska lidzela, kas satur Dracocephalum ruyschiana ekstraktu,

ietekme uzadas biofizikaliem parametriem

Atslegvardi: dermatol@ija, hidratacija, Dracocephalum ruyschiana
levads. Ada maias kdz ar vecumu,at sinteZ mazk kolagna, elagha un hialuronsibes, zaud elastbu, Kiist
saugka un $s izmapas var ietek@t dzves kvalititi. Dracocephalum ruyschiana kallusu kudts ekstrakts gtijumos
(in vitro) ir pieradijis, ka tas veicina keratindgo un derralo fibroblastu prolifeiciju, stimuk kolaggena produkciju un
kawe ta naardiSanos, pasafigadu no ultraviolet starojuma indugta oksidatva stresa, ka¥ endoteliottu proliferaciju
un neoangigerezi.
Materiali un metodes. Dalfibniekiem (n = 42) tikatgts divas reizes di@nuz fras sejasadas uzkit divus testa
produktus. Testa produkti tika ni@ti — viens sejas kreisajai pusei, otrs — labajgs@usei. Tikai viens no abiem
kosnEtikas idzeliem satugja Dracocephalum ruyschiana ekstraktu, udtaétki nezinaja, kur§ no abiem produktiem
satur auga ekstraktu. Instrum@ats hidraicijas, viskoelasticiites (R2, R5, R7), pigmeatijas un er&mas parametru
noertgjums tika veikts, izmantojot Corneometer CM 825tdPueter dual MPA580 un Mexameter MX18 (Courage +
Khazaka GmbH, ¥cija). Parametri tika artéti tris reizes: pirms kosétikas idzelu lietoSanas (0. diena) ue@4 un 8
necklu reguliras testa produktu lietoSanas katru dienu. Katiziges laika tika veikti seSi rarjjumi: tris uz dalbnieka
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laba vaiga un s uz kreig vaiga, lai noteiktitadas hidratcijas palépi, viskoelasticiites, pigmeriicijas un ergmas
parametrus. Nartejuma tika ieauta ar standartizta fotogafeSana katra apmeduma laila, izmantojot Reveal
Imager. Rtjjuma beigs datbnieki atbiltja uz rakstiskiem jagjumiem par kosritikas kdzelu efektivitati. Datu
anaizei tika izmantoti neatkago un atkaigo izlaSu T-testi. Partiba < 0,05 tika uzskaa par statistiski ticamu.
Rezultati. Statistiski nommigs hidraicijas imepa pieaugums tika néwots sejasidas kreis@ pus petijuma skuma
(0. diena) (46,52, SD = 9,61), ®hdinot ar hidratcijas fmeni @c 8 nedlam (55,75, SD = 10,99), p = 0,000107.
Statistiski nommigs adas melatha imepa pieaugums ddiniekiem tika nogrots alds sejas pus — kreisaj pus
petijuma sikuma (0. diena) (137,61, SD = 25,50), sainot ar melaima imeni [Ec 8 nedlam (153,10, SD = 34,67),
p = 0,001335 un sejaslas laba pus petijuma sikuma (0. diena) (137,76, SD = 23,96),s&inot ar melaima kmeni
péc 8 nedlam (156,64, SD = 34,05), p = 0,000643]as melamna imepa pieaugums tika skaidrots ar vasaras sezonu,
kura tika veikti nerjumi.

Secirajumi: Dracocephalum ruyschiana ekstraktu saturoSa &ilsss kdzela lietoSana ikdien uzlabo adas
hidraticijas palapi.

Introduction

The normal aging process of the skin leads to Afropecreased elasticity, and impaired
metabolic and reparative responses. The epidermt®nbes thinner, and the dermoepidermal
junction flattens, resulting in increased fragildf/the skin (Taffet, 2021). Skin is also affectad
photoaging, also called extrinsic aging, that isnpature skin aging resulting from prolonged and
repeated exposure to solar radiation. The chanfjpeatodamage are responsible for most of the
age-associated features of skin appearance antlenfihe and coarse wrinkles, dyspigmentation,
and loss of elasticity. Facial photoaging and sligimg signs impact quality of life and self-esteem.
Photodamage can be patrtially prevented and revavgbdproper sun protection and prescription
medications, cosmeceuticals and cosmetic procedGtasn, Kang et al. 2022).

The term *“cosmeceuticals” refers to a nonpresaiptitopical products, including
antioxidants, vitamins, retinoids, hydroxyacidsdgnant extracts, that may have some activity in
the treatment of photoaging. Cosmeceuticals arellpopngredients of a wide range of cosmetic
products. However, there is limited evidence frdmical studies to suggest that they are beneficial
or that one particular preparation is better thaottzer (Chien, Kang et al. 2022).

Dracocephalum ruyschiana, commonly known as dragghhis a clump-forming herbaceous
perennial of the mint family and it is native to m@ane grasslands from central Europe to Siberia.
Plants from genus Dracocephalum are used in toaditimedicine and are valuable sources of
biologically active polyphenolic compounds for ceio, food and medical industry. However,
availability and consistency of plant material rémsachallenging (Kaktia, Silamkele, Ramata-
Stunda et al. 2019; Razgonova, Okhlopkona, Golakh2@22).

Dracocephalum ruyschiana callus culture extractdemsonstrated in studies (in vitro) that it
is capable to boost proliferation of dermal fibiadis and keratinocytes, stimulates collagen
synthesis and inhibits its degradation, proteatsstin from ultraviolet radiation induced oxidative
stress, inhibits endothelial cell proliferation andoangiogenesis. Results indicate the potential
application of Dracocephalum ruyschiana cell biosnastracts in production of skin protecting,

regenerating and anti-angiogenic products (KaktSilamkele, Ramata-Stunda et al., 2019).
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An extract of plant has showed in vitro study tih&ihibits mushroom and cellular tyrosinase
activity showing that it can be used as whiteniggrd but has not proved significant effect on
melanin concentration and gene expression in melarcells (Kaktya, 2016).

Therefore, the goal of this study is to evaluate ¢ffects of a cosmetic product containing
Dracocephalum ruyschiana callus culture extracthenskin hydration, viscoelasticity parameters,
erythema and pigmentation.

Materials and Methods

The research was approved by Riga Stradins Untyefshics Committee and the study was
conducted in accordance with the Declaration okld&l. A safety assessment has been performed
for the cosmetic product.

Before start of the study participants receivedelvant information about the course of the
study, possible side effects, the expected benefit$ the possibility to voluntarily terminate
participation in the study at any time without aonsequences. Participant also signed an informed
consent form.

In the study participated 42 adults (35 years dddrp Exclusion criteria were:
¢ Individual intolerance or allergy to substancea icosmetic product;

e Local infection or other manifestations of the amimatory process on the facial skin, such as
reactivation of the herpes simplex virus, impetigegriasis, rosacea;

e Fractional or full field laser ablation of the faktiskin, radiofrequency procedure, deep or
medium deep chemical peeling, correction of acaesswith fillers during the last 6 months;

e Superficial chemical peeling, microneedling, mesatpy or biorevitalization in the last 4
weeks;

e Phototype IlI-VI of skin or tan resulting from serposure or other ultraviolet radiation in the
last 4 weeks;

e Pregnancy or lactation.

Participants were included in the study by a deditiermatologist based on the inclusion and
exclusion criteria.

Participants (n = 42) were asked to apply two pestiucts on a clean facial skin twice a day.
The test products were marked — one for the ld& sf the face and the other one for the right side
of the face. Only one of both cosmetic productstaioed Dracocephalum ruyschiana extract,
participants did not know which one of both produgbntains a plant extract.

Instrumental assessment of hydration, viscoel&gtiR2, R5, R7), pigmentation and
erythema parameters were made using 3 probes: @uoater CM 825, Cutometer dual MPA580
and Mexameter MX18 (Courage + Khazaka GmbH, Gernany
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Parameters were evaluated three times: before uesmgetic products (day 0) and after 4 and
8 weeks of regular everyday use of the test preduix measurements were made during each
visit: three on the participant's right cheek ameké on the left cheek to determine skin hydration,
viscoelasticity, pigmentation and erythema paramefBhe assessment also included standardized
photography during each visit using Reveal Imagéthe end of the study, participants answered
written questions about the cosmetic products tnefiectiveness.

Independent and paired sample T-test was usedhfdyang collected data. P value < 0,05
was considered statistically significant.
Results

Statistically significant increase in the skin hgtilon level was observed on the left side of the
facial skin in the start of the study (day 0) (46,5D = 9,61) compared to the hydration level after
8 weeks (55,75, SD = 10,99), p = 0,000107. Ste&iliyi significant increase in the skin melanin
level was observed on the both sides of the ppadits facial skin — on the left side in the stdrt o
the study (day 0) (137,61, SD = 25,50) comparedh& melanin level after 8 weeks (153,10,
SD = 34,67), p = 0,001335 and on the right sidéheffacial skin in the start of the study (day 0)
(137,76, SD = 23,96) compared to the melanin leaftér 8 weeks (156,64, SD = 34,05),
p = 0,000643.
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Figure 1.Percentage changes of the hydration level on thefiaside of the facial skin
in the start of study and after 8 weeks
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Figure 2.Percentage changes of the melanin level on the laftd the right side of
the facial skin in the start of study and after 8 veeks

Discussion

In vitro studies of plant extract indicate the puata@ application of Dracocephalum
ruyschiana cell biomass extracts in productionkaf protecting, regenerating and anti-angiogenic
products (Kakta, Silamkele, Ramata-Stunda et al., 2019).

Instrumental assessment of hydration, viscoel&gtiR2, R5, R7), pigmentation and
erythema were measured during the study in thevisg (day 0), after 4 weeks and 8 weelsing
Corneometer CM 825, Cutometer dual MPA580 and MetamMX18 (Courage + Khazaka
GmbH, Germany). Statistically significant improvem&as observed in skin hydration level on the
left side of the facial skin — the side where mapants applied cosmetic product that contained
Dracocephalum ruyschiana extract.

Other studies use similar methods to determinet méfiects on the skin. One study used
cream formulation containing 10% of Aloe barbadensaf extract to determine its effects on skin
hydration and barrier function by the measureméritamsepidermal water loss (TEWL), derma
firmness, and elasticity. To detect biophysicalapaeters this study also used Corneometer and
Cutometer. Study showed that Aloe barbadensis ciegmoves skin barrier function, increases
moisture level, and enhances skin elasticity mbaa ta placebo cream (Laneri S, Di Lorenzo RM
et al. 2020).

Statistically significant increase in the skin nmtalevel was observed on both sides of the
participant’s facial skin. The results were expdairby the summer season when the measurements

were made. In order to obtain more precise dateatéypy research also in winter season when there

43



DAUGAVPILS UNIVERSITATES 64. STARPTAUTISKAS ZINATNISKAS KONFERENCES ~ PROCEEDINGS OF
RAKSTU KRAJUMS ~ THE 64 INTERNATIONAL SCIENTIFIC CONFERENCE OF DAUGAVPILS UNIVERSITY

is less ultraviolet exposure would be advised. ltayta values could also be affected by summer
season anphtense sunlight which can cause sunburn, espgamparticipants with skin phototype

| and Il (by Fitzpatrick scale). Participants algould only benefit from it, as complaints of dryirsk
are common during the cold months of the year.

Another research also used Mexameter to determelamn levels of patients’ facial skin
with melasma. Patients used emulsion formulationsitaining plant extracts that include
catechins/polyphenols. Research showed that fotraoka containing plant extracts could be an
effective alternative treatment of melasma (BafdakKhan, Naveed Akhtar et al. 2013).

It was not possible to guarantee that measurenvegrts taken from exactly the same skin
spots. This could particularly, affect results iarficipant has combined skin type. Three
measurements on each side of the face were madeydrach visit for each parameter in every
participant. To calculate a mean parameter and augpithe result reproducibility, it could be
suggested to take even more measurements.

Extending research could be useful in order to gesnlts and knowledge about the effects in
long term of skin cosmetic products containing DEpPhalum ruyschiana extract.

The results could also be impacted by the partitgwillingness to follow the strict regimen,
regular use of products on cleansed skin and aijait of each product on the appropriate side of
the face, regular application of sunscreen with pustection factor, avoidance of using other
cosmetic products. Asking participants to fill @utard on a daily basis that documents the use of
cosmetic products, could at least partly help ustrob the way the participants were using their
products.

Conclusions

Everyday use of cosmetic product containing Drapbakim ruyschiana extract leads to
improvement in hydration level of the skin. Furthexsearch are suggested to evaluate the
hydration, viscoelasticity (R2, R5, R7), pigmerdatiand erythema parameters in long term and

also in winter season.
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Abstract

Tension and activity in neck extensor muscles depdimg on the head position working on computer
Key Words:Muscle, neck extensors, tension, computer monitor
Introduction. In recent years, the need to use a computer Iy lifei has been increasing rapidly, especiallycsithe
start of the COVID-19 infection pandemic in 201@. dontinue studies and work, people were forcats®the internet
and, consequently, computers daily. As time speritdnt of computer monitors increases, so doedrtbielence of
musculoskeletal health problems — neck muscle paing only one of them. Too much tension in neclsecies can
also cause head and neck pain, dizziness, andidatithe wrong positioning of the screen might Hated to these
complaints in employees and computer users.
Aim. The study aims to determine how the position eftikad relative to the computer monitor affectstéimsion of
the neck extensor muscles.
Materials and Methods A quantitative cross-sectional study of neck esteé muscle tension was performed in
healthy participants regularly working on compuger= 19, of them 6 males and 13 females, mean &ggears).
Measurements of the neck extensor musales€mispinalis capitimnd m. splenius capitisfension, decrement,
stiffness, and relaxation were obtained bilaterajlynyotonometer MyotonPro 5.0.0 in the sittingipos. The change
of head position occurred in the sagittal plane amab obtained by measuring the craniovertebral eamgth a
goniometer. Data were analysed by program IBM SBg&Sistics version 23 using Spearman’s test with .05
considered statistically significant.
Results.Results showed statistically significant differesiceor m. semispinalis capitiere was a positive correlation
between angle and oscillation frequency r = 0.288;0.001, angle and stiffness r = 0.268; p < 0.@Qt a negative
correlation between angle and relaxation r = -0,344 0.001.
There was no significant correlation between amglé decrement. The highest oscillation frequendyevavas at the
angle of +30 degrees (19.79 * 2.76 Hz), the lowésteutral position (17.9 £ 2.66 Hz). The highestrément was at
neutral position (1.35 = 0.17), the lowest — at €8@rees — (1.31 + 0.16).
For m. splenius capitithere was a positive correlation between angleasodlation frequency (r = 0.298; p < 0.001),
angle and stiffness (r = 0.271; p < 0.001), butegative correlation between angle and relaxatios {#0.375,
p < 0.001). The highest oscillation frequency vakgs at the angle of +30 degrees (17.83 + 1.94 tHe)|owest — at
neutral position (16.39 + 1.73 Hz). The highestrdeeent was at the neutral position (1.21 = 0.28),lbwest — at +30
degrees (1.15 £ 0.17).
Conclusion. The maximal neck extensor muscle tension was af aB@le, whereas the minimal — at neutral head
angle, which corresponds with neck extensor mysisiesiology and biomechanics. Thus, neutral headiposvould
be recommended to reduce neck muscle overload @lokéng at the screen.

Kopsavilkums

Saspringums un aktivitate kakla atliecejmuskulos atkariba no galvas porijas darba ar datoru
Atslegvardi: Muskuyi, kakla atlie@jmuskyi, saspringums, datora monitors
levads. Pedgjos gados datora izmantoSana ikdiénstrauji pieaugusiipaSi kops Covid-19 pa#rhijas sikuma 2019.
gadi. Lai atalinati turpinatu macibas un darbu, ciéki ir spiesti pastipridti izmantot internetu uridz ar to ardatorus
ikdiena. Palielinoties pie datora monitora pautafhm laikam, pieaug risks b@gZ saskarties ar muskuloskeilias
sisemas vesébas proldmam, ki vienu no biefkajam minot kakla musku sipes. $ probEmas vagt bat tiesi
saisttas ar nepareizu monitora novietojumu un krani@leito lenki darka ar datoru. Patgeretiski parak liels kakla
muskdu sasprindzifjums var izraigt afi galvas un kaklaapes, reiboni un nogurumu. Nepareizsaekr novietojums
var hit saistts ar $m respondentutslzibam.
Merkis. Noskaidrot kakla atliegmuskdu sasprindzisjumu un aktiviiti atkafba no galvas pazijas manas darh ar
datoru.
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Materiali un metodes Kvantitatvs &ersgriezuma ptijums kakla atlieggmuskdu saspringuma eniSanai veseliem
respondentiem, kas ilgstoSi &t ar datoru (n = 19, 61neSi, 13 sievietes, vigais vecums 35 gadi). Kakla
atliejmuskdu (m.semispinalis capitisin m. splenius capit)ssivuma, sdrstibu frekvences, relaksijas laika un
elastbas ngrijumi tika iediti ar miotonometru MyotonPro 5.0.0eénot s£dus sivokli. Galvas poijas maha notika
sagitilaja plakre, merot kraniovertetlo lepki ar goniometru. Dati tika analit ar IBM SPSS Statistics versiju 23,
izmantojot Sfrmena testu ar p < 0,05, kas tika uzgkatar statistiski namigu.

Rezultati. Statistiski nommigi dati tika iediti, nosakot pozitvu korekciju starp kraniovertelto lepki un m.
semispinalistivumu r = 0,268; p < 0,001akai lenki un muskuia s\arstibu frekvenci r = 0,286; p < 0,001, bet négat
korelacija starp leki un relakgcijas laiku r = -0,344, p < 0,001. fka un elagbas attietha nenadidija uz statistiski
noZzmigu korehciju. Augstika svarstibu frekvence naarojama pie +30 gidu legka (19,79 + 2,76 Hz), zeika vertiba
neitrala pozcija (17,9 * 2,66 Hz). Augskais samazifjuma koeficients nadrojams neitila pozcija (1,35 = 0,17),
zengkais +30 gidos — (1,31 + 0,16).

Statistiski nommigi dati tika iegiti, nosakot pozivu korekciju starp kraniovertelto lepki un m. splenius capitis
stvumu (r = 0,271; p < 0,001),akan lenki un muskula swrstibu frekvenci (r = 0,298; p < 0,001), bet négat
korelacija starp laki un relakacijas laiku (r = -0,375, p < 0,001). Augkt svarstibu frekvence nadrojama pie +30
gradu lepka (17,83 * 1,94 Hz), zerka vertiba neitdla pozcija (16,39 = 1,73 Hz). Augskais samazifjuma
koeficients nogrojams neitdila po4cija (1,21 + 0,23), zeakais +30 gidos (1,15 + 0,17).

Secirajumi. Maksimalo saspringumu kakla atliggnuskdi sasniedza palielinot d&i Iidz +30 gadiem savubrt
zenikais saspringums bija n&ojams lekim esot maksirli pietuvinatam neitélajai galvas poizijai, kas atbilst
informacijai par nornalu kakla muskiu fiziologiju un biomefaniku.

Introduction

The Covid-19 pandemic has led to a sharp increasieel use of digital technologies due to
national distance restrictions and the introductodrteleworking. To continue their studies and
work, people were forced to use the Internet andsequently, their computers daily. The use of an
application such as Zoom has increased 10 timepared to the time before the pandemic (Rahul
et al., 2020).

Oleg Baranov, a leading researcher at the InstitutEuropean Policy Studies of the Latvian
Academy of Sciences, and colleagues have publiaheatticle on the impact of telework, stating
that in 2019 average of 14.4% of the total numlbemaployees worked on computer and that is 1.3
times more than in 2010 (Bewovs et al., 2021). According to the data of thet@é Statistical
Bureau, in the 2nd quarter of 2020, remote worlkerounted for almost 20% of the total number
of employees in Latvia. The result also shows 1786 of the US population worked on a computer
at least 5 days a week before the pandemic, bsifpricentage rose to 44% during the pandemic.
Similar data can be found in many countries.

Musculoskeletal complaints in the neck and uppéreexties in connection with computer
work are common in modern society. Several previ@ysews have indicated a possible causal
relationship between computer work and musculosidet®mmplaints in the neck (Waersted et al.,
2012).

Computer workstation ergonomics guidelines suchtheess American National Standards
Institute (ANSI)/HFES 100-2007 Human Factors Engimeg of Computer Workstations provide
information to plan and design workspaces and egeipt and to guide equipment choice and
implementation. It provides information related workstation heights, arrangement, equipment

features, and suggested work postures. Computeitan@osition is an important consideration for
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neutral cervical spine position when at the compwerkstation. It is recommended that monitors
be in line with the user’s head, neck, and torsketep the neck close to or in neutral when viewing
the screen. The height of the monitor should bd ¢hat the employee does not look up at the
monitor but looks straight ahead at the monitor €Esun and Finch, 2021).

A cross-sectional study in China also confirms itiedrrect positioning of the monitor as a
risk factor for neck muscle pain. In the result§,386 of 417 respondents observed neck muscle
pain associated with inaccurate computer monitacgrhent (Ye et al., 2017).

The musculature of the cervical spine includesdiexextensors, lateral flexors, and rotators.
Major flexors include the sternocleidomastoid, enak, and prevertebral muscles. Extensors
include the posterior paravertebral muscles (spkemapitis, semispinalis capitis) and trapezius.
Lateral flexors include the sternocleidomastoi@leiges, and interspinous (between the transverse
processes) muscles, and the rotators include éneostieidomastoid and the interspinous muscles.
The paraspinal muscles can be strained and beqoaséc Occasionally, so-called trigger points —
hyperirritable myonodules and taut muscle fiberdsan may develop (Singh et al., 2020).

More data are available on neck flexion muscle mmegsents and no other studies of this
type with measurements of neck extensor activityewleund, so the data obtained in the study
would be unique, especially in Latvia.

The study aims to determine how the position oftitead relative to the computer monitor
affects the tension of the neck extensor muscles.

Materials and Methods

A quantitative, cross-sectional experimental sts@yulating head position looking at the
monitor was performed in 19 healthy volunteers @es and 13 females, mean age 35 years (from
19 to 60 years old)). Measurements of muscle tenglecrement, stiffness, and relaxation in the
neck long extensors (semispinalis capitis and fydecapitis muscles) were taken by myotonometer
MyotonPro 5.0.0. in a sitting position in 4 diffatehead positions. The parameters studied were:

e Oscillation frequency (in Hertz) — the intrinsieigeon of the muscle in its passive state;

e Dynamic stiffness (in Newtons per meter) — resistatio deformation;

e Logarithmic decrement — a parameter that refleaisate elasticity, that is, a muscle’s ability to
reduce tension after muscle work;

e Mechanical stress relaxation time (in milliseconds$he time it takes for the muscle to restore its
shape after deformation.

Firstly, participants were tested for a range otioro(RoM) in neck and physiological neck
extensor muscle strength to determine their suitylbor the study by performing the Spurling and
Lhermitte's sign test (Singh et al., 2020).
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Active RoM was tested first. Normal RoM includes #xtension of 70° (chin pointed straight
up to the ceiling), flexion of 60° (chin on chest, within 3 cm of the chest), lateral flexion of
approximately 45° (ear to shoulder), and rotatibapproximately 80° (looking right and left).

Spurling test assesses for nerve root irritatiom.p€rform the Spurling test, the head was
extended, side-bent, and partially rotated towdingstesting side. An axial load was then gently
applied to the top of the head. Muscle strength t®ated by applying resistance to the head with
hand after the testing position was taken. Thewest positive if radiating pain, generally into the
posterior shoulder or arm on the ipsilateral swi@s experienced.

Lhermitte's sign was used to test for cervical caldipathy. Forward flexion of the neck that
causes paraesthesia down the spine or extremiiggests cervical radiculopathy, spondylosis,
myelopathy, or multiple sclerosis. Respondents pitisitive any of these tests were not further
investigated.

The change of head position occurred in the sagitdae while sitting straight on a chair and
was obtained by measuring the craniovertebral angih a goniometer performing the
measurements bilaterally. First, an imaginary hwnal line that goes through the C7 spinous
process was drawn, which is the back of the vestebthe bottom of the neck. Then a second line
was drawn from the C7 spinous process up to tlgusravhich is the cartilaginous part in front of
the earhole. Conjunction of both lines at the CiTelwa forms the craniovertebral angle (CVA) and
was taken as a reference point. Following that,sumesments were taken as the respondent moved
their head forward for 10 degrees, then 20 ande®fesks, taking forward head posture (FHP) also
known as nerd neck.

Data were analysed by IBM SPSS Statistics ver8®nsing Spearman’s test with p < 0.05
considered statistically significant. Participationthe study was voluntary and anonymity was
ensured in the data processing. The research ptot@s developed in accordance with the general
protocol of the Research Ethics Commission @aRStradiS University, and it was approved on
14.12.2021.

Results

Results showed statistically significant differemce muscle biomechanical parameters
according to craniovertebral angle while holdingdhé different positions.

For semispinalis capitis muscleghere was a weak positive correlation betweeneaagid
oscillation frequency (r = 0.286; p < 0.001), adlves between angle and stiffness (r = -0.268;
p <0.001). Negative correlation was found betwemrgle and relaxation time (r = -0.344,
p <0.001). There was no significant correlationwaen angle and decrement. The highest
oscillation frequency value was at the angle of €#e@rees (19.79 = 2.76 Hz), the lowest — at

neutral position (17.90 + 2.66 Hz) (Figure 1). leans that forward head posture for +30 degrees
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directly affects muscle tension which increasewicreasing angle. The highest stiffness v
was at the angle of +30 degre382.86 + 105.67 N/m), the lowest at neutral posit{833.86 #
80.04 N/m). This indicates that the resistancdefrhuscle is greater as the CVA incree

The highest decrement was in neutral position (:3h17), the lowes— at +30 degrees
(1.31 £ 016). The lower is result of decrement, the longeretmuscle takes to relax, which
related to the elasticity of musc

For splenius capitis muscl there was a positive correlation between angle aswillation
frequency (Figure 1) (r 8.298; | < 0.001), angle and stiffness (Figure 2¥ (0.271; p < 0.001), but
a negative correlation between angle and relaxdime (1 = -0.375, p< 0.001). The highest
oscillation frequency value was at the angle of #d8@rees (17.¢ + 1.94 Hz), but the lowe« in
neutral position (16.39 + 1.73 Hz). The highestrde®nt was in the neutral position (1.21 £ 0.,
the lowest -at +30 degrees (1.15 + 0.1
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Figure 1.Splenius capitis and semispinalis capitis muscle @bation frequency (Hz)
at different forw ard head posture angles
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Figure 2.Splenius capitis and semispinalis capitis muscleihess (N/m)
at different forward head posture angle:
Discussion

The purpose of this study was to find out whetherforward position of the head in relati
to the computer monitor has an effect on the stvhithe neck extensor muscles. Research usin
same methodology as the present study is spardéalmoudet al. article looking at FHP, it wi
found that adults with neck pain show an increaseé-HP in comparison to adults with
symptoms, and there was a significant correlatietavben neck pain in both adults and older ad
Even though the results ihi$ research depicted a compelling contrast betvaetrits with anc
without pain and an important connection betweer® Fidd neck pain in adults. Mahmoud et
concluded that it remains unknown whether FHP cdiéldhe causing factor or a consequenc
idiopathic neck pain in adults, and that there isead for hig-quality longitudinal studies t
investigate how temporary and casual this occugén¢Mahmoud et al., 2019). As it was founc
the present study that as the CVA increases, trselegtifness and logarithmic decrement, wh
describes muscls’ability to relax after contraction, also risdgde could be few of the causes
the neck pain.

In comparison, Alowa and Elsay's study compared the electromyographic activityhet
regional pinal muscle in patients with FPH and those withoamal CVA. They concluded th
female individuals with FHP had more cervical masattivation than healthy controls. As a res
people with FHP needed more muscle work to keep #pne stable whenolding a weight.

Authors suggested that if such muscle effort issaded, the cervical spine's structure migh
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exposed to increased mechanical demands (AlowaWadda, 2021). Statements of both studies
support present study’s obtained results by theease of oscillation frequency, which is an
indication of increased muscle tone, and decrefisdaxation time.

Furthermore, Lee et al. studied whether FHP hagffett on muscle activity (upper and
middle trapezius, splenii and sternocleidomast@iC)) according to the head posture. During
neck protraction, the EMG activity of the splenndaSCM differed significantly between the
control and FHP groups. Consequently, during netkaction, the EMG activity of the middle
trapezius muscle differed significantly between gineups. These findings imply that FHP affects
EMG activity by reducing the length of the spleand SCM muscles, as well as increasing the
length and weakening of the middle trapezius mudsleally, FHP inhibits EMG activity in the
middle trapezius, splenii, and SCM muscles. Leal.atoncluded that these findings show that the
lowered activities are caused by FHP-induced chanigemuscle length, which are linked to a
reduced ability to generate force (Lee et al., 20This study supports the finding in the present
study as well by stating that prolonged FHP cathlkecause for biomechanical changes in the long
run.

However, Choi et al. performed a study with an #&mdentify changes in the activity and
fatigue of the neck supporting agonists (splenasitcs and upper trapezius muscles) under three
most frequently adopted postures while using a fghane. Authors concluded that a slight
bending of the neck while using a smartphone, tebthan bending it too far or keeping it strajght
to reach lesser fatigue of the cervical extensosai@s (Choi et al., 2016), which partially supports
findings of the present study.

Conclusion

Study concluded that maximal muscle tension was38° angle (i.e., significant forward
head posture), whereas the minimal — at neutrad hemagle, keeping head straight, which
corresponds to neck extensor muscle physiologybemmechanics. Thus, a neutral head position
would be recommended to reduce neck muscle overidele looking at the screen to avoid neck

pain and forward head posture.
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Abstract
Reduction of the muscle imbalance for soccer playsibetween four-headed thigh muscle and two-joint ¢ésnsor
with biodexsystem isokinetic dynamometry and postsbometric relaxation
Key Words:muscle imbalance, soccer players, risk of traumatipost-isometric relaxation, BiodexSystem isokinet
dynamometry
Introduction. In sports, such as football, handball and basKetthee cause of muscle injuries in athletes iewoft
associated with sudden acceleration, stoppingdrapange of direction, jumps, landings. One ofrikk factors for
injury is a lack of strength and flexibility, fatig, or an imbalance of strength between agonistiesisind antagonist
muscles.
The aim of this study was to explore the muscle functional state andcéffeness of the therapeutic gymnastic in
reducing muscle imbalance between four-headed thighcle and two-joint extensor with BiodexSystewkigetic
dynamometry and post-isometric relaxation methodsdccer players.
Material and methods. The research was performed at the Laboratory dfRiétation Technology of the Rezekne
Academy of Technologies in 2019. Footballers of itidoor football club Rezekne participated in tesaarch. The
research was conducted in three phases: functewaliation of muscles, therapeutic gymnastic arelveduation of
muscle function. 24 soccer players (16—22-yeamadde) took part in the first phase of the study, 1iin the second
and third. The following methods were used: strdeghraise tests, Ely’s tests, dynamomgBjodexSystenmuscle
test + eccentric contraction exergisphysiotherapy methods (therapeutic exercises,chirgt technique (PIR)) and
statistical data processing.
Results.Muscle functional evaluation was performed in 2dletes, of whom 12 athletes participated in theystwho
were divided into two groups (six + six participgint Athletes were selected with greater muscle lamnuz and
shortening of the length of the hamstring muscleugr In the second phase physiotherapy programdeeasloped:
therapeutic exercise with BiodexSystendynamometer (BSD)and therapeutic exercise with-jgosnetric relaxation
(PIR) for a group of hamstring muscles. Six atldettiended 12 classes wittBaobdexSystemdynamometer, and six
athletes were treated with a PIR hamstring musdemthat included 12 classes. After therapeuter@sge, the results
in the BSD group (average) improved by 17 + 1,4€hwai confidence factor (p < 0.0001) and the resalthe PIR
group improved significantly by 6,0 + 0,60 with anfidence factor (p = 0.013), which is statistigalignificant.
Conclusions.Muscle imbalances result from muscle imbalancesaaymmetric effects of agonists / antagonists, who
affect postural control and are a risk factor fauma.
The tests and methods selected for the functiomameation and evaluation of footballers' musclefiected
significant changes in the muscle strength ratiagafnists and antagonists after the course ofiket exercise.

Kopsavilkums

Augsstilba ¢etrgalvaina muskula un gazas divloatavu ekstensoru disbalansa maz@sana futbolistiem ar

biodexsystenizokinétisko dinamometriju un postizometrisko relaksaciju

Atslegavardi: muskyu disbalanss, futbolisti, traumatisma risks, pastietrisié relaksicija, BiodexSystem
dinamometrija.
levads. Sporti, pientram, futbofi, handbai un basketbal muskuu traumatisma&onis sportistiem biezi saits ar
pekSau patrinajumu, apsiSanos, strauju virzienu mai, lécieniem vai pieze@sanos. Viens no traumu riska faktoriem
ir speka un elagbas tiikums, nogurums vai sga netdzsvaradiba starp agonistu un antagonistu muigu.
Merkis Noskaidrot augSstilbaietrgalvaim muskda un dgizas divlogtavu ekstensoru funkcialo stvokli un
terapeitiséis vingroSanas efektiditi muskdu disbalansa maziSars futbolistiem ar BiodexSystemzokingtiskas
dinamometrijas un postizometriskrelakacijas metodm.
Materiali un metodes. Petijjums veikts Rzeknes Tehnolgju akadmijas Rehabilicijas tehnolgdiju laboratorip
2019. gad. Petijuma tika iesaisti Reézeknes minifutbola kluba sfgtaji. Petijums tika veikts is posmos: musku
funkcioralais nowertejums, arstniecisié vingroSana un musku funkcijas atirtota nowrteéSana. Pirmaj petjuma
posna piedaijas 24 futbolisti (wieSi vecum no 16 1dz 22 gadiem), bet ot@jn treSaj — pa 12. Tika izmantotagdas
metodes: taists kajas pacelSanas tests, Eli tests, dinamomdBiadexSystemjtiepSaas tehnika (PIR)) un statistikas
datu aps#de.
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Rezultati. Pirmaj pétijuma posra tika nolemts ielaut sportistus. MusKu funkcioralais nowrtgjums tika veikts 24
sportistiem, no kuriematijuma piedatjas 12 sportisti, kas tika sa@tadivas grugs (seSi + sesi ddinieki). Tika atlagi
sportisti ar lielu musku nefdzsvarctbu un s#sinatu paceles musku grupas garumu. Otéajposna tika izstadata
vingrojumu terapijas programma: vingrojumu terapija BiodexSystemdinamometra (BSD musku tests +
ekscentrisks kontrakcijas vingrojumi) un terapeitiskvingroSana ar postizometrisko relagigu (PIR) augsstilba
aizmugugjas ddas muskiu grug. Ar lielako muskdu disbalansu seSi sportisti apn&#l12 sesijas aBiodexSystem
dinamometru, bet seSi sportisti tikesteti ar PIR paceles muslw grupu, kas iera 12 sesijas. Pirms vingrojumu
terapijas sportistiem BSD graihija lielaka paceles musku garuma kontrakcija nakPIR grup@. Pec vingroSanas
terapijas rezufiti BSD grup (vidgji) uzlabojs par 17 + 1,40 ar ticalwas varfatibu (p < 0,0001), un rezati PIR
grupa batiski uzlabogs par 6,0 £ 0,60 ar ticabas varktibu. (p = 0,013), kas ir statistiski nozgi. atam kajam.
Secirajumi. Muskuu nefdzsvaradtba rodas musKu neidzsvaradtbas un asimetriskas agonista/antagonista igokasb
rezuléita, kas ietekra stijas kontroli un ir traumu riska faktors. Eetie testi un metodes futbolistu muglu
funkcioralajai izmekESanai un no¥rteSanai atspoduoja hitiskas izmajas agonistu un antagonistu mulskisieka
attieabas pec fizikalas terapijas kursa.

Introduction

One of the risk factors for injury in footballer aslack of strength and flexibility, fatigue, or
an imbalance of strength between agonist muscleésatagonist muscles (Adkitte, 2016). The use
of BiodexSystemequipment to reduce muscle imbalance. In 2009, ftheth model of the
BiodexSystemdynamometer was developed, which is currently reizegl as one of the best
measuring instruments and rehabilitation deviceshim world. This is supported by over 800
scientific articles based on the use RibdexSystenmequipment to reduce muscle imbalances
(Tankevicius et al., 2013). A study by Portuguesseearchers Teixeira, Carvalho, Moreira & Santos
(2012) using theBiodexSystendynamometer in 25 football players with an imba&ano the
guadriceps femoris and hamstring muscle groups stidhat the faster the knee flexion/extension
occurs (from 60 to 300 degrees in the second)gtkater the imbalance between agonists and
antagonists (Teixeira et al., 2012).
The aim of the research

To explore the muscle functional state and effectess of the therapeutic gymnastic in
reducing muscle imbalance between four-headed timglscle and two-joint extensor with
BiodexSystensokinetic dynamometry and post-isometric relaoratnethods for soccer players.
Material and methods

The research was performed at the Laboratory obBRétation Technology of the Rezekne
Academy of Technologies in 2019. Footballers ofitidoor football club Rezekne participated in
the research. The research was conducted in thmaseg: functional evaluation of muscles,
therapeutic gymnastic and re-evaluation of musalection. 12 soccer players (16—22-year-old
male). The following methods were used: straigh#gige test{amstringmuscle group length),
Ely’s tests fn.quadriceps femori@m.rectus femorishength), dynamometryBjodexSysteniBSD)
including two methodshamstring/m.quadriceps femotfignctional tests — peak torque, total work,
agonist to antagonist ratio) un BSD provides fardpeutic exercise (eccentric contraction for the
hamstring muscle group — 3 times a week for 40 min)), physoapy methods (stretching
technique (PIR — active and passive with the hélanother player — 3 times a week for 15 min),
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therapeutic exercise (diaphragmatic breathing) astdtistical data processing. Isokinetic
dynamometry including eccentric contraction andstation, adaptation of nerves. Postisometric
relaxation including static drawing and muscle xateon. The objective of the physiotherapy
programme was to improve muscle function and taecednuscle imbalance between four-headed
muscle and hip two-joint extensor muscle groupglyapg PIR method {amstringstretching) to
one group and the eccentric contractiblanistringmuscle group) to the other group. After 12
exercise sessions, both groups were given inipgplied tests: straigh-leg raise tes@anstring
muscle group length), Ely’'s testsm(quadriceps femorigm.rectus femoris)length), BSD:
hamstring/m.quadriceps femorfanctional tests — peak torque, total work, agbtosantagonist
ratio) and the results were compared, which meistr@tching or work in eccentric contraction)
decrease the imbalance betweequadriceps femorigndhamstringmuscle group.
Results

After therapeutic exercise, the results in the Bf@up (average) improved by 17 + 1,40 with
a confidence factor (p < 0.0001) and the resulth&PIR group improved significantly by 6,0 +
0,60 with a confidence factor (p = 0.013), whichstiatistically significant. In the right leg, there
was a positive, moderately strong correlation (0.68) between speed increase and agonist/
antagonist muscle ratio outcomes that was statltisignificant between the two legs (p = 0.037),
while in the left leg it was that there is a negatiweak correlation (r = 0.22). It can be conctude
that with an increase in speed, the proportion ofete imbalance increases, which confirms the
correlation of speed with the ratio of muscle sitén The ratio of the force parameter between the
hamstring muscle group and the quadriceps femsrg0¥sec. should be 60%—69%; P&@c. —
70%—79%; 30Bsec — 80%—95% (Hawkins, 2001). It can be conclutatibefore exercise therapy
in the PIR group on the right leg %6ec — 58.3%, 18(ec — 56.7%, 300sec. — 61.4%, and in the
left leg 60/sec — 56.5%, 180sec — 50.7%, 300sec. — 55.2%, none of the indicators correspomds t
the ratio of muscle strength parameters with a abmistribution of muscles, which symbolizes
muscle imbalance, more pronounced’18c. Figure 1 shows how the increase in speedtsiffiee
ratio of muscle agonists and antagonists after oese@rtherapy in the PIR group. Agonist to
Antagonist Ratio: Muscle group ratio (AGON/ANTAG calculated by dividing the maximum
moment of force using the BiodexSystem formula #inh et al., 2013; Struzik, 2019):
e AGON / ANTAG = (Peak Torque Hamstring (Nm)) / (Pedrque Quadriceps (Nm)) x 100%.

The relationship between the hamstring muscle grawg the strength indicators of the
guadriceps femoris muscle in the normal positiothefknee joint (Struzik, 2019):
e 60°sec: (60%—69%);
e 180/sec: (70%—79%);
e 300"sec: (80%—95%).
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The quadriceps femoris should be 25-35% stronger the hamstring muscle group. The
potential risk of injury will increase if one oféglmuscle groups is significantly stronger (Lubkéta
al., 2013; Struzik, 2019). In the third phase, radteourse of therapeutic exercise, muscle funation
re-evaluation was performed with a BiodexSystemadyometer (maximum torque; total and
maximum work performed; ratio of agonist and antagfomuscle groups) and hamstring muscle
group length test — straigh-leg raise test andtletest for m.quadriceps femoris — Ely’s test. #sw
found that for both methods the muscle imbalan¢eden the m.quadriceps femoris and hamstring
muscle group was reduced (8G@c.), both BSD group and PIR group showed astitatily
significant difference, the result was statistigaignificantly improved for both legs. A correlai
was observed between increasing speed and incgeasiscle imbalance. The higher the speed an
athlete develops, the greater the muscle imbalamicieh means that it is important to train while

also developing higher speed, reducing the rigkjafy during the game.

Correlation of speed with muscle ratio after
therapeutic exercise in the BSD group
85,0
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T 80,0
o 75,6 76,8
< oco 75,8 : # rightleg
= ! ‘u—#—"_'_'_#_ "
5., l=ft leg
= £7 8 683
% 70,0 Bl right leg
=
65,0 left leg
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] &0 120 180 240 300 360
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Fig. 1. Correlation between speed and AGON/ANTAG by PT irthe PIR group

In the right leg (r = 0.89), left leg (r = 0.86)etle was a positive strong correlation between
speed increase and agonist/antagonist muscle vatich was statistically significant between the
two legs (p = 0.029). It can be concluded that wvaithincrease in speed, the proportion of muscle
imbalance increases, which confirms the correlabbrspeed with the ratio of muscle strength.
Before physiotherapy exercises in the BSD groupthenright leg 6&/sec — 51.6% (normal 60—
69%); 188/sec — 56.8% (norm 70-79%), 3B&c. — 65.8% (norm 80-95%), and on the left leg
60°sec — 44.9% (norm 60—-69%):; L&ec — 48.7% (norm 70-79%), 30fkc. — 60.9% (norm 80—
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95%). None of the indicators correspond to theoratiuscle strength indicators with a normal
distribution of muscles, which symbolizes muscldabance. Insufficient muscle strength increases
the risk of injury from contact games. Figure 2whdiow an increase in speed affects the ratio of

agonist to antagonist muscles after exercise tgarafne BSD group.

Correlation of speed with muscle ratio after exercise
therapy in the PIR group
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d ! 55,6
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F ight |
r e
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Fig 2.Correlation between speed and AGON/ANTAG before PTn the BSD group

There was a positive, close correlation in thetriglot (r = 0.88); in the left leg (r = 0.71)
between the increase in velocity and the resulthefagonist / antagonist muscle ratio, which is
statistically significant between the two legs (©.649). It can be concluded that with increasing
speed, the proportion of muscle imbalance increagleieh confirms that speed correlates with the
ratio of muscle strength. After therapeutic exexdis the BSD group on the right leg®80sec —
73.8% (norm 60—69%, improved by 22.2%); 180sec — 75.6% (norm 70-79%, improved by
18.8%), 308/ sec. — 79.1% (norm 80-95%, improved by 13.3%jijeron the left leg 6lisec —
67.8% (norm 60—69%, improved by 22.9%); ¥86c — 68.4% (norm 70-79%, improved by
19.7%), 308/sec. — 76.8% (norm 80-95%, improved by 15.9%). Tat® of muscle strength
parameters has improved, which reduced muscle anbal several indicators correspond to the
ratio of muscle strength parameters in the normadate distribution (Koulouris, 2005).

The ratio of agonists and antagonists of the BS&umrto muscle groups (3¥6ec.) for the
right leg before the course of exercise therapy @9 + 10.5%, after the course of exercise
therapy the average index improved to 76.8 + 11.A%.improvement of 15.9 = 0.6% was
calculated with a confidence level (p = 0.037), ethimeans that for the left leg the change is

different and statistically significant. Based & tdata obtained, it can be concluded that in both
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methods, the muscle imbalance betweewguadriceps femoriand the hamstring muscle group
decreased (38Gec), both the BSD group and the PIR group shoavesatistically significant
difference, the result was statistically signifitgnmproved for both legs.

It was found that the agonist/antagonist musclengfth ratio in the right leg improved by
0.9% with the PIR method and by 18.1% with the B&i2thod. In the left leg, the
agonist/antagonist muscle strength ratio improwe@.8% with the PIR method and by 19.5% with
the BSD method. It was concluded that the percendgiribution of the agonist/antagonist muscle
strength ratio in the BSD group is relatively higktegan in the PIR group, but it was concluded that
both methods show improvement and reduction inoflextensor muscle imbalance in the
hamstringmuscle group anch.quadriceps.femorisee Figure 3)Rrughelli, 2010; Struzik, 2019).

Changes in muscle imbalance in both groups after
exercise therapy
25,0
e 20,0 BSD (n) =6
it PIF. (n) = 6
=T, 15,0
% 100 m PIE group
% ‘ = BSD group
)
<, 50 - 23
0,9
0,0
right leg left leg

Fig. 3.Changes in muscle imbalance in both groups after PT

Discussion

Gioftsidou, Beneka, Malliou (2006), Teixeira et #012) and McCall (2016) on the
BiodexSystem isokinetic dynamometer using the neuselining program — knee flexion/extension
60”sec.—180sec, revealed significant differences between thd#o of muscle agonists/
antagonists. Maximal muscle strength improved,|tatark done improved, muscle imbalance
decreased in soccer players, &tduzik (2019)n his study concluded that the isokinetic exercis
regimen (development of isokinetic angles)®(8éc.—12&sec.) (Struzik, 2019; Gioftdidou et al.,
2006; Teixeira et al., 2012; McCall, 2016). Basedlee results of this study and the articles of the
beforementioned authors, it can be concluded thatigokinetic regimen of eccentric exercise
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develops and improves greater muscle strength,tlaadaster the contraction occurs, the less
muscle is developed over a period of time. As allteshe imbalance between agonists and
antagonists increases. A study bgrd, Aitkens, McCrory & Bernauer (2002xamined the
effectiveness of an isometric and isokinetic casttom training program. The results show that the
effect of angular velocity on maximum torque isretated in both flexor and extensor contraction
modes, while maximum torque improved with incregsisokinetic angular velocity. It was
concluded that in the isokinetic mode, improvemeats observed both in the flexors and
extensors, and in the isometric mode, they are mooeounced in the extensors (Lord et al.,
2002). Small et al. (2009) investigated the risktda for hip muscle injury with eccentric
contraction exercises. It was concluded that theas a 65% reduction in the likelihood of injury
(Small et al., 2009).
Conclusion

The tests and methods selected for the functioxeheation and evaluation of footballers'
muscles reflected significant changes in the musitength ratio of agonists and antagonists after
the course of therapeutic exercise. Improvemernisakinetic contraction exercise regimen has
been shown to be statistically significant, resigjtin increased muscle strength and improved
agonist-antagonist muscle ratio. The postisometataxation therapeutic exercise complex
accepted effectiveness of the method in reducingciteumbalance, but the results and progress
were less pronounced than in eccentric contrasti@angth training.
Acknowledgement

Thanks to the athletes (football players) for ggpating in the study and also to their trainer.
Rezekne Academy of Technology (Rehabilitation Labmy) for support and advice. Associate

Professor Irena Kaminska for precise guidanceerstbdy.

References

Adkitte R., Rane G.S., Yeole U., Nandi B., Gawa(Z16). Effect of muscle energy technique on
flexibility of hamstring muscle in Indian nationdbotball players.Saudi Journal of Sports
Medicine.16, 28-31. doi: 10.4103/1319-6308.173467.

Brughelli M., Cronin J., Nosaka K. (2010). Musclelatecture and optimum angle of the knee
flexors and extensors: a comparison between cycéistl Australien Rules football playefie
Journal of Strength & Conditioning Resear@d, 717—-721. doi: 10.1519/JSC.0b013e318197009a.
Gioftsidou A., Beneka A., Malliou P. (2006). Socpdaiyer's muscular imbalances: restaration with
an isokinetic strength training progradaournal of the perceptual and motor skill€)3, 151-159.
doi: 10.2466/PMS.103.5.151-159.

Hawkins R.D., Hulse M.A., Wilkinson C., Hodson A&jbson M. (2001). The association football
medical research program: an audit of injuries iafgssional footballJournal of Sports and
Medicine,35, 43—-47. doi: 10.1136/bjsm.35.1.43.

Koulouris G., Connell D. (2005). Hamstring musclamplex: an imaging reviewRadiological
Society of North America. RadioGraphi2$, 571-586. doi: 10.1148/rg.253045711.

60



DAUGAVPILS UNIVERSITATES 64. STARPTAUTISKAS ZINATNISKAS KONFERENCES ~ PROCEEDINGS OF
RAKSTU KRAJUMS ~ THE 64 INTERNATIONAL SCIENTIFIC CONFERENCE OF DAUGAVPILS UNIVERSITY

Lubkina V., Kaupuzhs A., Uscha S., Rizhakova L.ukhatsis A. (2013). Technology for testing
the neuromuscular system, methods for its impleatemt. Latvia: Rezekne Higher Educational
Institution.

Lord J.P., Aitkens S.G., McCrory M.A., Bernauer E.NR002). Isometric and isokinetic
measurement of hamstring and quadriceps strengtichives of physical medicine and
rehabilitation, 73, 324—-330. doi: 10.1016/0003-9993(92)90004-g.

Small K., McNaughton L., Greig M., Lovell R. (200%ffect of timing of eccentric hamstring
strengthening exercises during soccer training:ligafpons for muscle fatigabilityJournal of
Strength and Conditioning Resear@3, 1077-1083. doi: 10.1519/JSC.0b013e318194df5c.
Small K., McNaughton L., Greig M., Lovell R. (2010)he effects of multidirectional soccer-
specific fatigue on markers of hamstring injurykridournal of Science and medicine in SpdA,
120-125. doi: 10.1016/j.jsams.2008.08.005.

Struzik A., Pietraszewski B. (2019). Relationshijgween Hamstrings-to-Quadriceps Ratio and
Variables Describing Countermovement and Drop Jumpsurnal applied bionics and
biomechanics?, 4481-4505. doi.org/10.1155/2019/4505481.

Tankevicius G., Lankaite D., Krisciunas A. (201Bgst-Retest Reliability of Biodex System 4 Pro
for Isometric Ankle Eversion and Inversion MeasueaiJournal of Sport Rehabilitatior22, 212—
215. doi: 10.1123/jsr.22.3.212.

Teixeira J., Carvalho P., Moreira C., Santos R1R0Isokinetic Assessment of Muscle Imbalances
and Bilateral Differences between Knee ExtensonesFdexores’ Strength in Basketball, Footbal,
Handball and Volleyball Athletednternational Journal of Sports Sciencg 1-6. doi: 10.5923/j.
sports.20140401.01.

McCall P. (2016). Functional Anatomy Series: The nidtings. Available at:
https://www.acefitness.org/education-and-resoypcefgssional/prosource/june2016/5925/functional-
anatomy-series-the-hamstrings/

61



BIOLO GIJA/ BIOLOGY

EVALUATION OF YIELD FOR HEMP VARIETIES

Veneranda Stramkale, LarisaCernova, Inga Morozova, Aldis Stramkalis
Institute of Agricultural Resources and Econom{€syp Research Department at Vilani, Zinatnes
street 2, Priekuli, Priekulu parish, Cesu distiiettvia, LV-4126, veneranda.stramkale@arei.lv

Abstract

Evaluation of yield for hemp varieties
Key Words:hemp, variety, fiber, plant height, yield
Introduction. Hemp is multifunctional, sustainable crop that pdes raw material to a large number of traditicenadi
innovative industrial applications. Have two typdshemp like seeds and fiber hemps. Hemp varietiesdistributed
and adapted different environmental conditions.
Material and Methods. Varieties/line from diverse European and Latviaigiar(‘AdzelvieSi’, ‘Parini’, ‘KA-2-2011’,
‘Finola’, ‘Henola’, ‘USO 31’, ‘Futura 75’, ‘Austa’)were sown in randomized field experiments in Lat®lant height
dynamic, stem, fiber, shives yield and fiber cotgdemere assessed across two growing seasons (20202
Results.Results show that hemp, seeds and fiber varigtiesfperformed well giving high stem and fiber puotivity
by year and variety. Stem yield of seed hemp \iag#ine ranged from 6.1 to 11.4 thdiber yield ranged from 3.2 to
5.2 t ha while shives yield ranged from 2.8 to 5.7 t*hahile fiber contents from 23.4 to 36.3%. Stem dief fiber
hemp varieties ranged from 18.1 to 27.4 1 Hiber yield ranged from 8.8 to 12.3 t'hashives yield ranged from 8.5 to
13.6 t h& while fiber contents from 33.4 to 42.9%.
Conclusions.Agrometeorological conditions for hemp growth ameld/were favourable in 2020. The dry conditions in
Jun and extremely dry in July had a negative efiecthe hemp plant height dynamic in 2021. In Latviocal climatic
conditions the seed hemp line ‘KA-2-2011’ and fideemp variety ‘Futura 75’ exhibited the most valeabnd
perspective genotypes for highest stem yield, shyweld and fiber yield. The trial indicated thahigher fiber content
from seeds hemp varieties had ‘Henola’ and frorarfiarieties ‘Austa’.

Kopsavilkums

Kanepju 3kir pu razas iz\ert gjums
Atslegvardi: kagepe, $irne, Siedra, auga garums, raza
levads. Kanepes ir daudzfunkciats, ilgtsggjigs kultiraugs, ko izmantoatradicioralu un inovaitvu izejvielu daZdu
industrilu produktu razoSan Ir divu tipu augi, B sklas un giedras kaepes. Kaepu &irnes ir izplaitas un
pielagotas audegSanai daZdos klimatiskos apaklos.
Materi ali un metodes.Petijuma izvertétas daZdas Eiropas un Latvijas izcelsmégries/inija (‘Adzelviesi’, ‘Purini’,
‘KA-2-2011’, ‘Finola’, ‘Henola’, ‘USO 31, ‘Futurar5’, ‘Austa’). IznEginajums iefkots randomiztos lauka apaklos
Latvija. Petjjums tika ietkots divus gadus (2020-2021) un Bdgta auga garuma dinamika, sahmj Liedras, sph
raza un Kiedras saturs.
Rezultati. Rezultti pierada, ka 8klu un %kiedras kaepem bija augsta salmu un %iedras produktivittite atkarga no
razas gada urkines.Seklu kapepju &irnu/linijas salmiu raza bija robeis no 6.11dz 11.4 thd, &iedras raza bija no
3.2 idz 5.2 t hd, spdu raZa bija robeis no 2.81dz 5.7 thd un kiedras sasvs no 23.41z 36.3%. §iedru kaepju
&irnu salmiu raZa bija robeis no 18.11tz 27.4 thd, &iedras raZa bija no 8.8z 12.3 thd, spdu raza bija no 8.5
lidz 13.6 tha un &iedras sagvs no 33.41dz 42.9%.
Secirajumi. Agrometeorlgiskie apsikli kanepju augSanai un razai bija labgi 2020. gad. 2021. gad sausie
apstkli janija un arkartigi sausie apskli julija negatvi ietekngja kapepju augu augSanu garanmAtzimeti vertigakie
un perspekvakie genotipi no &lu kapepem finija ‘KA-2-2011" un %kiedras kaepem irne ‘Futura 75’ ar augsku
salmiu, spdu un %iedras raZzu Latvijas vigjos klimatiskajos apsklos. 1zngginajums konsta, ka auggiks iedras
saturs no kaepju €klu &irném ir ‘Henola’ un no Biedru %kirném ‘Austa’.

Introduction

Industrial hemp Cannabis sativd..) is a high-yielding, environmentally friendlyoer crop
(Ranalli et al., 2004), having great potential asustainable source of textile fiber, and is a
multipurpose crop that, worldwide in the last dexsgchas been the object of a multitude of research
projects and industrial enterprises (Amaducci etall5;Clarke, 2016Placet et al., 2017; Mlssiga
et al., 2018; Vandepittea et al.,, 2020). Moreouwasks set maximizing the use of Latvia’s
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renewable natural raw materials in the productibrasious industrial, food and feed products in
the Latvian Bioeconomy Strategy for 2030 requir€he current excessive demand for the
analogous, long flax fiber (linen), which is printarcultivated and processed in Western Europe,
combined with increased customer awareness omthiebamental impacts of cotton and synthetic
fibers (Foundation, 2017), and an increasing puinlierest in locally produced goods, foster the
prospects of hemp as a local source of textile filaghin the growing European bio-based economy
(Vandepitte et al., 2020he economic value of hemp can be maximized ifpdht biomass
(stems, inflorescences and seeds) is exploitedqyng) harvest until the generative phase is
completed (Calzolari et al., 2017).

Unlike cotton, world’s most popular natural texfilleer, hemp cultivation requires little water
and pesticides, and can positively contribute tipaotation (Poisa et al., 2010; Vandepittea et al.
2020).Under natural conditions, Industrial hemp can baagr in a wide range of environments
(Tang et al., 2016; Musio et al., 201B)omass and fiber yield are known to vary widelyvizen
hemp varieties, agronomic practices and environah@ainditions (Strazds et al., 2012; Tang et al.,
2016; Tang et al., 2017; Mussiga et al., 2018). Rwuéhe climate and industrial hemp’s growth
cycle, Latvia is suitable place for growing indisgthemp. However, the best genotypes to cultivate
in Latvia have yet to be determined. Thereforepiider to grow industrial hemp in Latvia as a
valuable crop, it is important to find out the abie industrial hemp varietieBhe aim of this study
was to evaluate different industrial hemp varietsstability for fiber production under the
agrometeorological conditions in Latvia.

Material and methods

Field trials. The field trial was carried out in Institute ofgécultural Resources and
Economics, Priekuli Research Centre, Crop Resdaegartment at Vilani in the middle of Latgale
(56°34'10"N, 26°58'01"E) Latvia from 2020 to 2012Experimental material for the study
consisted of 8 hemp genotypes: seed hemp varidires/'/Adzelviesi’, ‘Furini’, ‘KA-2-2011’,
‘Finola’, ‘Henola’ and fiber hemp varieties ‘USO '3IFutura 75’, ‘Austa’. The all seed hemp have
varieties/line dioecious and fiber hemp varietisnoeciougplants. Hemp was grown in a Humic
Gleyic Podzol (WRB, 2014). The main agrochemicakpeters of the arable soil layer were as
follows: organic matter contents — 7.41, 6.60%l| soidity (ptkc)) — 6.61, 7.30, available;©s —
151, 199 mg kg and available KO — 112, 183 mg Kk§soil in years 2020 and 2021, respectively.

The field trials were laid out in a randomized dadesign of four replicates. Hemp was
planted in 25m plots. Seeds were sown during the first and second deofdday using an
experimental sowing machine (SN-16) with an intesrdistance of 12.5 cm and seeding rate —
60 kg h&. Complex fertilizer Yara Mila NPK(S) 18-11-13(70@ kg h&' was applied after the first

! https://www.llu.lv/sites/default/files/2018-07/Bioonomy_Strategy Latvia_LV.pdf [10.02.2022]
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cultivation of soil, 35 days after sowing, were tifered with 60 kg ha' of nitrogen, as
recommended in a previous study (Tang et al., 2017)

Four sub-plot of 1 mwere selected, fazach variety/line, at emergence to carry out aiglys
relative to plant height dynamic (of each genotigrel0 plants from four replicates and four times
during the vegetation period), stem yield and ttlecb the stems needed for lab-decortication
measurementsiarvesting was carried out usingyain harvester Sampo SR 2035 and reaper KD-
210 (duplex type).

Meteorological conditions Agro-meteorological conditions characteristics werged by
Rezekne hydrometeorological station. In the stinygrothermal coefficient (HTC) of each month
was calculated during the growing season (Fig.The calculations were performed using the
formula (Selyaninov, 1928):

HTC =Xx / Xt x 10,
whereXx is the total precipitation for the period (mm},— the total temperature for the period, in
which the average temperature exceeds 10°C.

Ranges of values of this index were classified ating to Selianinov coefficient modified by
Skowera et al. (2014) as: extremely dry — H¥©.4, very dry — 0.4 < HT& 0.7, dry — 0.7 <
HTC < 1.0, relatively dry — 1.0 < HT€ 1.3, optimal — 1.3 < HT& 1.6, relatively humid — 1.6 <
HTC < 2.0, humid —2.0 < HT& 2.5, very humid — 2.5 < HT& 3 and extremely humid —
HTC > 3.0.

Statistical analysisSoftware Excel (Microsoft, USA) was used for datatistical analysis.
The difference between the yields properties weterchined using analysis of variance (ANOVA).
Significant differences among the measured chaiatts of hemp were compared by Fisher’s
protected least significant difference (LSD) tdgts 0.05).

Results
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Figure 1.Hydrothermal coefficient (HTC) of each decade of moth and month average
during 2020-2021 growing seasons of hemp
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The hydrothermal conditions (Fig. 1) during 2020220growing seasons of hemp were
differed. In 2020, HTC was 1.6 optimal; in 202ias 1.2 relatively dry. In 2021 were recorded

dry conditions in Jun and extremely dry conditinorduly and very humid condition in August.
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Figure 2.Plant height dynamic of seed (a) and fiber (b) hemparieties/line
during 2020-2021 growing seasons

One of the most important characteristic in detamg hemp vyield is plant height (Fig. 2).
The plant height of hemp varieties of the fastesiwgh was observed for all varieties at the
beginning of the vegetation period (end of Junegitning of July). The extremely dry conditions
in July 2021 affected negative plant growth anthatvery humid conditions in August the plants
do not compensate for growth height. Lower groveties were observed at the end of August for all
hemp genotypes in the both years. The highest plaight from seed hemp varieties in the year
with optimal conditions in 2020 was showed varigkgzelvieSi’ and at dry conditions in 2021
variety ‘Farini’ and from fiber hemp varieties ‘Futura 75’ in boyears. The highest plant height
was observed in 2020 from 135.9 cm for the variétzelvieSi’ to 266.0 cm for the variety ‘Futura
75’

The significant (p< 0.05) highest yield components were observeddeds varieties/line in
2020 (Table 1). The line was harvested with sigaift (p< 0.05) higher stem, fiber and shives
yield for ‘KA-2-2011’ in both years. Stem yield seed hemp varieties/line ranged from 6.1 to
11.4 t hd, fiber yield ranged from 3.2 to 5.2 t"havhile shives yield ranged from 2.8 to 5.7 t*ha
for ‘Finola’ and ‘KA-2-2011" respectively. The fibecontent was influenced by variety and a
significant (p< 0.05) highest was recorded in ‘Henola’ at 36.3% dre lowest in ‘AdzelvieSi at
24.6%.
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Table 1.The yield of seed hemp varieties/line of during ZD—2021 growing seasons

Factor | Stemyield, t ha| Fiber yield, tha | Shives yield, tha | Fiber content, %
Variety/line (factor A)
p-value <0.001 <0.001 <0.001 <0.001
LSDy o¢ 0.15 0.20 0.18 0.43
‘Adzelviesi’ 7.7 35 34 24.6
‘Pirini’ 9.2° 4.0 4.6 23.4
‘KA-2-2011" 11.4 52 57 25.6
‘Finola’ 6.1 3.7 2.8 26.9
‘Henola’ 8.0 4.7 3.6 36.3
Year (factor B)
p-value <0.001 0.208 <0.001 <0.001
LSDy o¢ 0.10 0.13 0.12 0.27
2020 8.7 4.0 4.5 28.6
2021 8.2 3.9 35 26.0

acdf_ means followed by the same letters in each colara not statistically significant.

The highest yield components were recorded forrfibemp varieties (Table 2). The
significant (p< 0.05) highest yield components were observed ifier fhemp varieties in 2020,
similar to seed hemp varieties/line. Stem yieldibbér hemp varieties ranged from 18.1 to 27.4 t
ha?, fiber yield ranged from 8.8 to 12.3 thahile shives yield ranged from 8.5 to 13.6 th#@he
variety was harvested with significant£@.05) higher stem, fiber and shives yield for Urat 75’
(27.4, 12.3 and 13.6 t Harespectively) in both years. The significant<p0.05) highest fiber
content was recorded in ‘Austa’ at 42.9% and theekt in ‘USO-31’" at 33.4%.

Table 2.The yield of fiber hemp varieties during 2020-2028jrowing seasons

Factor | Stemyield, t Ha | Fiber yield, thd | Shives yield, tha | Fiber content, %
Variety (factor A)
p-value <0.001 <0.001 <0.001 <0.001
LSDy ¢ 0.19 0.28 0.26 0.40
‘USO-31’ 18.2 8.8 8.5 33.4
‘Futura 75’ 27.4 12.3 13.6 34.7
‘Austa’ 17.7 9.4 6.9 42.9
Year (factor B)
p-value <0.001 <0.001 <0.001 <0.001
LSDy o 0.15 0.23 0.21 0.33
2020 23.2 10.9 11.6 41.3
2021 18.8 9.4 7.6 32.7

a°_ means followed by the same letters in each colaremot statistically significant.

Discussion

The study noted that the moisture supply of hemihénfirst half of the vegetation period is
significant in plant growth height. A study by Skret al. (2000) reveals that the hemp is very
sensitive to shortage or excess water during thg stages of growth. According to Strazds et al.

(2012) precipitation in June and July has a deeisiffect on productivity, for hemp requiring 250
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to 300 mm during vegetation. Analysing the genedgponse at different meteorological conditions
the trials indicated the highest height of seedsighdine ‘KA-2-2011" at optimal conditions
however variety ‘Brini’ at dry conditions.

Analysing the results stem, fiber, shives yield ataht height were dependent on year (factor
B) and variety/line (factor A). Campbell et al. (Z) and Baldini et al. (2020) similarly found that
meteorological conditions are one of the main feectofluencing hemp yield. In general, increased
precipitation led to higher yields, but genotypés bt respond in a uniform manner. In the study,
varieties with higher yield data also showed higjields independent of the year. Regarding hemp
varieties/line were identified genotypes are mauigable for local conditions from seed hemps line
‘KA-2-2011" and fiber hemps variety ‘Futura 75’.

The data about fiber content was supported thattriie is largely controlled by genetic
factors (factor A), but there was a significanteeff of environmental factors (factor B). The
varieties that are significant highest fiber cotgemdependent higher yield like stem, fiber or
shiveswere identified.

The seed hemp varieties/line was observed thattdaifor extraction of stem and fiber yield.
In the study, compared average years the yieldeoh $or seed hemp varieties was 7% lower, but
for fiber hemp varieties was 20% lower in 2021. &€gg fiber contents, seed hemp varieties were
10% lower, but fiber hemp varieties was 21% loweR021. In the case of hemp types identified
that stem yield and fiber contents have the highd&rence of fiber hemp under environmental
conditions.

Conclusions

1. Agrometeorlogical conditions for hemp growth anelgiwere favourable in 2020.

2. The dry conditions in Jun and extremely dry in Jo&d a negative effect on the hemp plant
height dynamic in 2021. The trials indicated thghleist height of seeds hemp line ‘KA-2-2011’
in 2020 and variety ‘Pusi’ in 2021, between fibre hemp varieties ‘Futura. 75

3. In Latvian local climatic condition the seed henpel ‘KA-2-2011" and fiber hemp variety
‘Futura 75’ exhibited most valuable and perspecteaotypes for highest stem yield (11.4 and
27.4 t hd), shives yield (5.7 and 13.6 t aand fiber yield (5.2 and 12.3 t Harespectively.

4. The trial indicated that a higher fiber contentniréeeds hemps variety ‘Henola’ (36.3%) and
from fiber hemps variety ‘Austa’ (42.9%).
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SHORT-TERM IMPACT OF FERTILIZATION ON
WOOD VOLUME INCREMENT DEPENDING ON
DOMINANT TREE SPECIES AND FOREST SITE TYPE
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Abstract

Short-term impact of fertilization on wood volume ncrement depending on dominant tree species and

forest site type

Key Words forest fertilization ammonium nitratewood ashvolume increment
Fertilization is a useful silvicultural practice tmprove tree growth and to increase timber outpotests on mineral
soils are mostly fertilized with nitrogen-contaigirfertilizers, whereas peatland forests requireaggitm and
phosphorus fertilizers. This study evaluated thpaat of fertilization on forest stands representlifierent site types
and dominant tree species. Fertilization experis@rdre carried out in 42 forest stands all ovevieatWood ash was
spread in Norway spruce stands with organic anceralrsoils. Ammonium nitrate was spread in matwets$ pine,
Norway spruce and Silver birch stands, as wellnasiddle-aged and young stands considering repdatélization
after thinning. Both ammonium nitrate and wood ashe applied as a complex fertilizer in Scots pMerway spruce
and Silver birch stands with drained organic andearal soils and moist mineral soils. In all the exments, except for
the stands, where growth had been significanthecadd by natural disturbances, the applied fegtiliprovided a
considerableadditional increase of the volume imenet comparing with the control areas already duthe first 2-3
years, however the differences were not statigficginificant. The most stable additional incremesgardless of
forest site type and distance between trees waslfrupine stands.

Kopsavilkums

Meza mesloSanagstermina ietekme uz kiajas papildpieaugumu, atkaiba no valdo&s koku sugas un meza tipa
Atslegvardi: mezZa rasloSana amonija nitats, koksnes pelnkrajas pieaugums

MésloSana ir nodega mezsaimnieciska dabfa, lai uzlabotu koku augSanu un paligiiniegistamo kokmateiu
daudzumu. MeZos ar mirgugsrem parsvaé izmanto spekli saturoSu @slojumu, savulrt kuodregu meziem
nepiecieSamsakija un fosfora naslojums. Saj petijuma no\erteta neslosanas ietekme meZaegdzkas prstiv daZidus
meZza tipus un valdas koku sugas. BsloSanas iz@ginajumi veikti 42 mezaudss visa Latvija. Koksnes pelni izkais
parasis egles auds ar organiskm un mineflaugsem. Amonija nitéts kaists pieauguss parasts priedes, parazt
egles urara kerza audzs, ka af vidéja vecuma un jaunauglg, paredzot atiktotu ienesi pc kopSanas cirtes. Amonija
nitrats izmantots kop ar koksnes pelniemakkompleksais @slojums parags priedes, paraast egles urara kerza
aud#s ar nosusitam organiskeggm un minedlaugsEm un mitdm minealaugsem. Visos izngginajumos, izemot
audzes, kur augSanutiski ietekngjusi dabiskie trawgumi, jau pirmajos 2—3 gados izlietotai€stojums nodroSija
ieverojamu kajas papildpieaugumu gdkinajuma ar kontroles plabam, tafu at¥iribas nebija statistiskittiskas.
Vislielakais papildpieaugums konsite priedes auds neatkagi no meza tipa un atuma starp kokiem.

Introduction

The demand for woody biomass-derived energy iseaming, since it is a sustainable
alternative for fossil fuels and has a potentiaitigate climate change. Forest fertilization ¢emn
a valuable tool in optimizing the efficiency of @aést and enhancing the yield of timber. Recently,
forest fertilization has been regaining populantythe Nordic countries as a result of the demand
for sustainable energy production.

Extensive forest fertilization methods have beegdua the Nordic countries since the 1970s,
applying nitrogen fertilizer to forest stands 5-yEars before regeneration felling. The history and
approaches of the use of wood ash in forests fibtiging and fertilization vary among countries.
In Finland wood ash has been used as soil ameliordarests for more than 80 years, whereas in

Sweden, efforts to recycle ash and use it in ferest peat and podzol soils began in the 1970s
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(Hoégbom and Nohrstedt 2001; Pitman 2006; Huotarialet2015). The beginning of forest
fertilization in Latvia could be considered theaméfstation trials of dunes and heaths, which began
in 1950. The largest studies on forest fertilizatreere conducted in the early 70s of the last e¢gntu
by Visvaldis Kaposts and Rdis Sacenieks. The forest fertilization trials wees up at the Forest
Research Station in Jaunkalsnava. From 1968, féeedization began to be applied on a larger
scale in middle-aged and mature conifer standsesinyating different ways to optimize the
fertilizer dose and nutrient ratio per stand undiffierent forest growth conditions, in both upland
and peatland forest&{mnocrtc, Canennexc 1977). Forest fertilization was officially discamied in
1989 due to the expenses associated with aviagorices (Spalte 1991). Recently in Latvia a
large-scale study has been carried out to gathewledge to potentially reintroduce the practice.
This study focused not only on tree growth, bub e various environmental indicators, to gain a
better understanding and to mitigate the potegtiadigative environmental impact (LVMI Silava
2021).

The nutrients that usually limit plant growth ar&agen (N), phosphorus (P) and potassium
(K). Nitrogen fertilizers, such as ammonium nitrgtéH;NO3), are mostly used in forests on
mineral soils. The dose of N applied is 150 kg laad the following growth response of trees is
20-25 niha’ (Pukkala 2017. Along with increasing rate of woddgmass combustion, increased
production of the solid waste byproduct — ash -expected. The major elements of wood ash
include calcium (Ca), potassium (K), magnesium (Mg)osphorus (P), manganese (Mn), and
sodium (Na); however the physical and chemicalattaristics depend on the type of wood and the
combustion technology used. The recommended doBeaf peatland forests is 4050 kg hand
that of K is 40-80 kg hh corresponding to 2000-5000 kg dry weight of wamsth (Sikstrém,
Almgvist, Jansson 2010). Often wood ash alone dainmarove tree growth in nitrogen-poor sites,
but it can be applied in combination with B¥Os.

The aim of the study was to evaluate the impadéeilization on tree growth in forest stands
representing different site types and dominantspezies.
Materials and methods

Forest fertilization study sites were established2D015-2017, except for the wood ash
fertilization site, which was partially set up ady in the autumn of 2014. Forest stands were
mainly chosen on the basis of tree species andtfaeite type, where Scots pine, Silver birch or
Norway spruce were either the dominant speciesakenp at least 70% of the total growing stock.
Stands available for the final felling within 10—-¢8ars were chosen.

The total area of the forest fertilization studyaswn231.6 ha, from which 85.7 ha were
fertilized areas. In total, the effect of fertiltzan has been investigated in 64 forest standsyevhe
the dominant tree species are Scots pine, Norwaycspmnd Silver birch. In this paper 42 study

sites are analyzed (159.3 ha). Study sites arersimoWwigure 1.
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Figure 1.Forest fertilization study sites in Latvia

1 — Wood ash applied in Norway spruce stands irangpland drained peatland forests, 2 —
Ammonium nitrate applied in pre-mature conifer @itver birch stands, 3 — Ammonium nitrate
applied in young and middle-aged conifer and Sibiech stands, considering repeated fertilization
after thinning, 4 — Ammonium nitrate and wood appli&d in middle-aged conifer and Silver birch
stands on drained organic and mineral soils.

In all the study sites control and fertilized plotere established. There were two types of
sample plots — circular with an area of 50band square with an area of 408 in study sites with
circular plots, fertilizers were spread in strigsng forest machinery. Square plots were estaldishe
in areas, where fertilizers were spread manualhe distance between the sample plots should be at
least 40 m and the distance from the edge of #redst at least 20 m. About 3 m wide buffer strip
was established around the plot, where the fegtilzas also spread. Prior to the use of fertilizers
reference data was collected in the control arealsaseas planned to be fertilized. Forest stand
characteristics were determined in according tol€i¢ Forests methodology for Level Il plots
(Dobbertin & Neumann, 2020), establishing circutaonitoring plots for continuous tree growth

measurements. The scheme of sample plots is shofigure 2. and, in a larger zoom, Figure 3.

71



DAUGAVPILS UNIVERSITATES 64. STARPTAUTISKAS ZINATNISKAS KONFERENCES ~ PROCEEDINGS OF
RAKSTU KRAJUMS ~ THE 64 INTERNATIONAL SCIENTIFIC CONFERENCE OF DAUGAVPILS UNIVERSITY

Control

area

Forest stand >40 m

ol N

_

Fertilized
Technological area

corridor

Monitoring plot

Figure 2.A scheme of control and fertilized sample plots
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Figure 3.Sample plots of forest fertilization experimentsa) square, b) round

Wood ash was spread in spruce stands with orgamdcnaneral soils. Ammonium nitrate
(NH4NO3) was spread in mature pine, spruce and birch stasdwell as in middle-aged and young
stands considering repeated fertilization aftenritmg. The research focused on the use of N
fertilizer — NH;NO3, without setting up additional experiments witltanplex N and phosphorus
(P) fertilizer, in order to evaluate the aspect$ooést fertilization related to reducing the impan
the environment, which in previous studies in therdic countries are directly related to N
fertilizers. The lack of this experiment is patffatompensated by the experiment, which uses
NH4NO;3; and wood ash (contains K and P) together. Ureaadvamnide (N content 46%) is also
known as a N containing fertilizer; however it tkeaown faster in hot weather and ammonia gas
is released in the atmosphere.

Data were processed and analyzed with MicrosofeEaied RStudio.
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Results and discussion

In most of the experiments the largest increasevabfime increment in fertilized plots,
comparing with the control plots, was measured dnt$ pine stands (up to 0.6°m?), but the
smallest increase — in Silver birch stands. Theeg®e of increment in Norway spruce stands vary
between experiments. Figure 1 shows the differesicencrease of annual volume increment

between control and fertilized plots in standsifedent dominant tree species.
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Figure 4.Increase of volume increment, depending on the eggment
and dominant tree species

E — Norway spruce, B — Silver birch, P — Scots pine Wood ash applied in Norway spruce stands
in upland and drained peatland forests, 2 WNIBs applied in pre-mature conifer and Silver birch
stands, 3 — NENO; applied in young and middle-aged conifer and $ibiech stands, considering
repeated fertilization after thinning, 4 — h¥O3; and wood ash applied in middle-aged conifer and
Silver birch stands on drained organic and mingods.

When applying NENOsin pre-mature conifer and Silver birch stands,dmallest increase of
volume increment was measured for Norway sprucereds, when using NNO; together with
wood ash in drained forests, Norway spruce stahdwad the largest increase. This may indicate
that Norway spruce stands and other stands witgréfisant proportion of Norway spruce require
a complex fertilizer, which includes other elemebtssides nitrogen such as phosphorus and
potassium.

In Norway spruce stands in upland and drained peatforests, the average annual volume
increment in areas, where wood ash has been spse@d, n? ha' and difference between volume
increment in control and fertilized areas 5 yedtsrdertilization is 0.2 m ha* or 30% annually.

The largest difference between control and feddiplots is in spruce stands with drained organic
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soil (1.4 nf ha' annually). In stands with drained mineral soil tiéerence was smaller almost by
half (0.8 nf ha' annually), whereas in a mesotrophic upland fosémnds in fertilized areas the
increase was smaller comparing with control areadlorway spruce stands there is a tendency in
both control and fertilized areas for volume inceminto increase along with increasing distance
between trees (Figure 2). Significant differencetsveen control and fertilized plots were not found.
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Figure 5.Increase of volume increment 5 years after fertihation in control and fertilized
areas depending on the average distance to 3 claseses in Norway spruce stands,
where wood ash was spread

In pre-mature conifer and Silver birch stands, wheH,;NO3; had been applied, the average
annual increment in fertilized areas was 12.3 ma’ (an increase by 18% comparing with
measurements before fertilization). The differeatencrement between control and fertilized plots
after fertilization was 1.9 tmha’ annually. The largest difference between contral ettilized
plots (2.6 M ha! annually) was measured in Scots pine stands. iffeeahce is almost three times
smaller in birch stands (1.0°ha’ annually). The difference is the smallest in sprsiands (0.4 ™
ha' annually).

In Silver birch stands, where NNO3 has been applied, the increase of volume increment
the control plots did not change significantly withcreasing distance between trees. In the
fertilized areas there is a significant increasgriowth if the trees are further apart, whereat)ef
distance between trees is less than 3.5 m, anaser® volume increment comparing with the 5-
year period before fertilization is not observedj(fe 3).

In Norway spruce stands in plots, where the eftédiH,NO; has been applied, the increase
in volume increment in the control plots was smal¢hen distance between trees increased. If the
distance between the trees exceeds 3 m, the aweshgee increment increase in the control areas
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is lower than 5 years before fertilization. Thetifered areas also show a decreasing trend with
increasing distance between trees, but it is lessqunced and, regardless of the distance between
trees, it increases more than prior to fertilizat{bigure 4).
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Figure 6.Increase of volume increment 5 years after fertiiation in control and fertilized
areas in Silver birch stands, where NENO3 has been applied, depending on
the average distance to 3 closest trees
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Figure 7.Increase of volume increment 5 years after fertiiation in control and fertilized
areas in Norway spruce stands, where NMNO3 has been applied, depending on
the average distance to 3 closest trees

In Scots pine stands stands the distance betweetrdbs does not significantly affect tree
growth in both control and fertilized areas. Intifered areas volume increment is on average larger
by 25% than in the 5-year period before fertiliapplication. Also the increase in areas fertilized
with NHsNOs is higher than in control areas.
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When using NENOs in young and middle-aged stands, in fertilizedaaréhe increase of
volume increment is 10.7 Yrha' annually (by 24% larger than before fertilizatiomut the
difference between control and fertilized areasradpplication of fertilizers is 1.1hma’ annually.
The largest difference between volume incrementiegl(1.4 m ha® annually) in control and
fertilized areas is in pine stands, but the smalem birch stands (0.2 frha' annually). When
using NHNO; in young and middle-aged birch stands, only inahgomesotrophic upland forest
stands the difference between control and fertlipéots is statistically significant (1.1 m3 ha
annually). In stands of other site types it is o@l§ n? ha' annually. In meso-eutrophic spruce
stands the increase of increment in fertilized plstalmost 3 times larger comparing with a less
fertile site type (2.1 un 0.6 hha' annually, respectively). In pine stands the inseeaf increment
between control and fertilized plots in a sligh#dgs fertile and more fertile upland site are sami
1.2 and 1.5 rhha® annually.

In young and middle-aged birch stands, in both robnéreas the increase of volume
increment does not change significantly along withreasing distance between trees, but in
fertilized areas the increase is higher, when tezedurther apart from one another. In the control
areas, regardless of the distance between the theeimicrease in recent years has been smaller tha
in the period before the application of fertilizgigure 5). In this case it might be related to the
stress caused by thinning.

In Norway spruce stands of the same experimentrevNé,NO3; was applied, a similar, but
more pronounced, trend is observed, and the inergatertilized and control areas in the period

following fertilizer application is higher than the 5-year period before fertilization (Figure 6).
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Figure 8.Increase of volume increment 5 years after fertiiation in control and fertilized
areas in young and middle-aged Silver birch standsyhere NH;NO3 has been applied,
depending on the average distance to 3 closest tsee

76



DAUGAVPILS UNIVERSITATES 64. STARPTAUTISKAS ZINATNISKAS KONFERENCES

Increase of volume increment after fertilization, m?*

PROCEEDINGS OF

RAKSTU KRAJUMS THE 64" INTERNATIONAL SCIENTIFIC CONFERENCE OF DAUGAVPILS UNIVERSITY

230%

B Control Fertili FertilizedContro

m
200% m
u ]
150% u .
B nm _
|
100% [ ] - = By u
Nom
50%
0%
= = P - - " z

Average distance to 3 closest trees, m

Figure 9.Increase of volume increment 5 years after fertihation in control and fertilized
areas in young and middle-aged Norway spruce stang&here NH;NO3 has been applied,

depending on the average distance to 3 closest tsee

In Scots pine stands the increase of incremenbmtral plots in the period following fertilizer

application is higher than in the previous 5 yeanly in young stands where the average distance

between trees does not exceed 2.5 m, but with asorg distance between trees, there is a

decreasing trend. In the plots where fertilizer \&pplied, the volume increment increases with the

distance between the trees. This tendency is obdeirv both young and middle-aged stands

(Figure 7).
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Figure 10.Increase of volume increment 5 years after fertigation in control and fertilized
areas in young and middle-aged Scots pine standsh&re NH;NO3 has been applied,

depending on the average distance to 3 closest tsee
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When evaluating the effect of wood ash applied ttogrewith NH;NOsin pre-mature stands,
the average annual increment in fertilized areadG® ni ha® (larger by 14% 5 years after
application of fertilizer); the difference betweeontrol and fertilized areas is 1.6 tma® annually.
The largest difference (1.8°ha’ annually) between control and fertilized areas whserved in
pine stands, but the smallest — in birch stand$ . ha® annually). In birch stands the largest
difference between control and fertilized plots wiasstands with drained organic soils (1.9 un
2.1 n? ha' annually), whereas in forest stands with drainédenal soil it was 3 times smaller
(0,6 n? ha' annually). In spruce stands the difference betweemirol and fertilized areas is
positive only in the forest stand with drained aigasoil (2.0 mi ha' annually). In pine stands with
both drained organic and mineral soil the annufi&iince is positive (2.0 frha* and 1.7 mha?,
respectively).

In Silver birch stands the distance between thestoes not significantly affect volume
increment. Fertilizers have a constant positiveectffon volume increment (on average 10%
compared to the 5-year period before fertilizerl@pgton). In Norway spruce stands, there is no
significant increase of volume increment in fexell areas comparing with the control. The
increase may be due to other factors, such as wagrgrowth conditions for trees of a lower
storey, which explains the significant increasestiock growth in control areas for trees close to
each other. In Scots pine stands the increasentratlots, regardless of the distance between
trees, is smaller than in fertilized plots and he period before fertilizer application. There & n
significant effect of distance between trees omwgndn the fertilized and control plots.

Previously extensive forest fertilization studiaesLiatvia have been conducted only from the
1970s till the late 1980s. These studies also medgte impact of fertilization on a slightly lorige
time scale. The estimates of increase in volumeement in the early studies are mostly higher
than in our study.

In studies carried out in Latvia in the 1970s, gheatest effect was obtained by N fertilization
(80—120 kg hd), which increased the radial increment by 130% gared to the control plots, and
complex (NPK) fertilization (80, 80 and 120 kg haespectively), which increased radial growth
by 150%, comparing with the control. In oligomeseptiic upland pine stands, the greatest effect
was obtained from N fertilizer (80-100 kg Ha which increased annual growth by 144%
comparing with the control, and complex NPK fezgli (respectively, 80-100, 80 and 120 kif)ha
which increased the growth by 141% comparing wih ¢ontrol. The smallest effect was obtained
by using P and K fertilizers in upland forests. Beging on the type of fertilizer, the additional
growth of oligotrophic and oligomesotrophic uplgnde stands, where N and NPK fertilizers were
applied, was 3.2-4.0hina® annually or 25-32 frha’ during 8 years, but in oligomesotroplpine
stands — 1.4-3.0 frha’ annualy or 11-24 Prha’ in 8 years Kanocre, Canennexc 1977). When
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applying NodPsoKso and NsPsoKgo fertilizers to oligotrophic forests with draineceat soil in
Latvia, the effect was observed for 6-8 years. atiditional volume increment of the fertilized
pine stands was 0.9%mnnually. On the other hand, when fertilizing ofizesotrophic pine forests
with drained peat soil (NPso and NodPsoKeo), Up to 2.6 mwas obtained annually within 6 years
(Kaposts 1981).

Another study showed that in young pine standsNIRK fertilizer increased tree growth by
2.5-5 times. Fertilizing middle aged spruce stawith a N dose of 200 kg Ha tree growth
increased on average by 18% over the next 5 yblsing lower doses of fertilizer (N90 kg ha
most of the additional increment (27.3%) occuredhim first per year after applying the fertilizer.
The effect of fertilizer lasted for 6 years. By lieasing the dose of fertilizer, the duration of its
effect increased and the moment of peak effedi@fértilizer occurs later (Rone 1982).

Studies starting from the 1990s focused un residusswage sludge and wood ash on a
smaller scale. At the beginning of the 1990s, alentlp adoption of environmental protection
regulations of the European Union, the use of sewsligdge was introduced. Sewage sludge that
has practical applications contains a significanbant of nitrogen (up to 10%), potassium (up to
1%), and phosphorus (up to 15% in the form gDdp (Fijalkowski et al. 2017). A number of
studies in Latvia were carried out on the use @fagee sludge in forestry and the production of
sewage sludge compost by mixing it with wood resgdand other organic materialsafi¢sts et al.
2000). In 1998, in acooperation with the municigdiministration of the city of Valmiera, a study
was conducted on the use of sewage sludge in stédien. The study found that application of
pure, freeze-dried sewage sludge with a dose ok8—aer seedling area to nutrient-poor soils and
burns, increases tree growth by 40%. The reseambtluded that sludge-wood chip compost is a
more promising — easier to spread and safer fegtiliComposting dilutes the concentration of
heavy metals in the substrate and increases thglysop nutrients available to plants. Several
studies in this field have been carried out in @vapon with SIA "Rgasadens”. In a study
conducted in 1997, it was found that the limit \eswf heavy metals are not exceeded, if the dose
of sludge does not exceed 30 tong HaVM!I Silava 1998). In 2003, several studies wstarted on
the cultivation of tree plantations and the usesekage sludge and manure in willow plantations.
The largest biomass was obtained fr8alix purpureaand Salix viminalisplantations, up to 39.2
m? ha' in the second year after the establishment optaetation (LVMI Silava 2003 a,b). One of
the most extensive studies on the use of sewaggeslin willow plantations was conducted in
2005. The study concluded that minimal tendingeguired in deciduous tree plantations in the
second year after the application of sludge, bexde seedlings have grown sufficiently large
above-ground shoots, on which weed competition dngmositive effect — the shoots have less
branches. In the willow plantations, in the secgedr after cutting the shoots, the number of shoots
per head increased, the plantation yield increfreed 0.2—0.6 t DM hd to 4.6-5.5 t DM ha.
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According to research data conducted in Latviadhl2-2012, in 30 40-year-old spruce stands
damaged by spruce bark beetle with dry peat an@nalisoils, potassium fertilization (61 kg of K
in the form of KSQOy) increased annual growth in the following yeaesafertilization by 31%. A
similar effect was produced by bringing ash (2.6stté& dry matter) into the forest. In places
where mineral fertilizer was applied (higher dogeK9, the effect of tree recovery was more
pronounced (Skranda, 2013).

Conclusions

1. Volume increment has increased in all the fertiia experiments; the effect of fertilization
varies depending on dominant tree species, forestype and stand age. The strongest effect
was observed in pine stands regardless of expetimen

2. Wood ash application has resulted in a signifieaditional volume increment in spruce stands
of drained forests on organic soils, but in uplforést stands and stands on drained mineral soils
the effect is significant only when ammonium nig¢ra¢ added. Also the effect of ammonium
nitrate alone is significant. More research needset carried out in spruce stands in other forest
site types besides forests on drained organic. soils

3. Application of ammonium nitrate in oligotrophic apld forests has resulted in additional
volume increment in birch and pine stands, bugfifiect in spruce stands is negligible.

4. In Silver birch stands the effect is similar fok fartilizers, but in contrary to conifer standset
effect in young and middle-aged stands is signiiigasmaller. In case of Silver birch, it is
recommended to use ammonium nitrate only in maizneds before regenerative felling.

5. In case of applying ammonium nitrate alone, théadise between trees has a positive effect on
volume increment in fertilized areas. No effectadiess pronounced effect was observed in the
control areas.
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