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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

	 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
	 2. statiis moculoba ar unda Seadgendes 6 gverdze naklebsa da 15 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
	 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
	 4. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
	 5. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
	 6. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
	 7. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT.
	 8. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
	 9. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
	 10. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis mi-
TiTebiT da unda Seicavdes Semdeg ganyofilebebs: Sesavali, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
	 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
	 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.



	
Georgian Medical News  
No 7-8 (196-197) 2011

© GMN 5 

Содержание:

Donald E. Greydanus, Helen D. Pratt, Dilip R. Patel
CONCEPTS OF NEURODEVELOPMENT 
IN SPORTS ACTIVITY FOR ADOLESCENTS........................................................................................... 7 

Chakhunashvili G., Jobava N., Guchashvili M., Chakhunashvili K., 
Gogilashvili T., Shvangiradze M., Pagava K. 
ANTHROPOLOGICAL, PHYSICAL AND FUNCTIONAL INDICES 
IN SPORTSMEN (basketball players) AGAINST THE BACKGROUND 
OF HIGH PHYSICAL LOADING............................................................................................................... 12

Ewa Ziemann, Ewelina Śledziewska, Tomasz Grzywacz, 
Ann L. Gibson, Tomasz H. Wierzba
BODY COMPOSITION AND PHYSICAL CAPACITY 
OF ELITE ADOLESCENT FEMALE TENNIS PLAYERS........................................................................ 19

Tomasz H. Wierzba, Paweł Musiał, Hanna Ćwikałowska
VARIABLE PROFILE OF INDIVIDUAL HEART RATE RESPONSES 
TO COLD WATER IMMERSION APNEA IN HEALTHY LATE ADOLESCENT MEN......................... 28

Чкуасели Н.Н., Табидзе Г.A., Квачадзе И.Д., Цибадзе А.Д., Пагава К.И.
ВАРИАБЕЛЬНОСТЬ СЕРДЕЧНОГО РИТМА 
У ЗДОРОВЫХ ПОДРОСТКОВ И МОЛОДЫХ МУЖЧИН.................................................................... 38

Gian Vittorio Caprara
ADVOCATING AN AGENTIC AND POTENTIALIST VIEW TO HEALTH PSYCHOLOGY............... 42

Безруких М.М., Логинова Е.С.
ПСИХОФИЗИОЛОГИЧЕСКАЯ СТРУКТУРА ВЕРБАЛЬНОГО 
И НЕВЕРБАЛЬНОГО ИНТЕЛЛЕКТА ДЕТЕЙ 6-7 ЛЕТ 
С СИНДРОМОМ ДЕФИЦИТА ВНИМАНИЯ И ГИПЕРАКТИВНОСТИ............................................. 46

Гогберашвили К.Я., Гагошидзе М.В., Пагава К.И.
БИОХИМИЧЕСКИЕ ИЗМЕНЕНИЯ КРОВИ ПРИ РАННЕЙ МАТЕРИНСКОЙ 
ДЕПРИВАЦИИ У ДЕТЕЙ И ИХ ВЛИЯНИЕ НА СТАНОВЛЕНИЕ 
ЭМОЦИОНАЛЬНОГО СТАТУСА РЕБЕНКА......................................................................................... 57

Schlüter B, De Sousa G, Trowitzsch E, Andler W.
DIAGNOSTICS AND MANAGEMENT OF SLEEP-RELATED RESPIRATORY 
DISTURBANCES IN CHILDREN WITH SKELETAL DYSPLASIA 
CAUSED BY FGFR3 MUTATIONS 
(ACHONDROPLASIA AND HYPOCHONDROPLASIA)........................................................................ 63

Benedetta Bellini, Oliviero Bruni, Alessandra Cescut, Silvia De Martino, 
Franco Lucchese, Vincenzo Guidetti
MANAGING SLEEP DISORDERS IN CHILDREN: WHICH IS THE BEST STRATEGY?................... 73

Michael Hermanussen
TEMPO AND AMPLITUDE IN GROWTH................................................................................................ 83



6

	
Медицинские новости грузии

cfmfhsdtkjc cfvtlbwbyj cbf[ktyb

Jorjoliani L., Karseladze R., Vekua M., Chkhartishvili E., Bigvava T.
ANTHROPOMETRIC DATA PECULIARITIES
 IN EARLY SCHOOL CHILDREN POPULATION.................................................................................... 89

Craig A. Johnston, Ginny Fullerton, Jennette Palcic Moreno, Chermaine Tyler, John P. Foreyt 
EVALUATION OF TREATMENT EFFECTS IN OBESE CHILDREN 
WITH CO-MORBID MEDICAL OR PSYCHIATRIC CONDITIONS...................................................... 93

Пагава К.И., Гачечиладзе К.К., Коринтели И.А., Дзулиашвили М.Г., 
Алавидзе З.И., Хойле Н., Мецхваришвили Г.Дж.
ЧТО ПРОИСХОДИТ ПРИ ПЕРОРАЛЬНОМ ПРИЕМЕ 
БАКТЕРИОФАГА РЕБЕНКОМ?............................................................................................................. 101



	
Georgian Medical News  
No 7-8 (196-197) 2011

© GMN 7 

Countless millions of adolescents are taking part 
in sports activity (organized and unorganized) in 
all countries of the world. This important aspect of 
“growing up” has become an important part of the 
lives of our youth, either as participants or as observ-
ers [11]. Playing sports is now a method of building 
physical and socialization skills. Well-publicized 
adolescent sports prodigies are influencing parents 
and adolescents alike to become highly proficient at 
a specific sport with the dream of become famous as 
well as very wealthy in later adult life. Such dreams 
stimulate the issue neurodevelopmental maturation 
and readiness in sports activity based on the impor-
tant concept embodied by the eternal question from 
parents and adolescent alike-when am I (he or she) 
ready to excel in sports, particularly in competitive 
sports? 

This article highlights comments on this question for 
both teenager and parent, focusing on key underlying 
concepts as neurodevelopment and sports readiness 
[5,16].

Neurodevelopment in Sports Play
Neurodevelopment involves growth and development 
of the person that involves not just bodily changes in 
puberty that includes sensory and perceptual growth 
but also changes in the central nervous system. As 
maturation in neurodevelopment occurs, the concept 
of sports readiness arises that is based on the funda-
mental physiologic concept that growth and develop-
ment is a continuous normal process with a number 
of underlying independent factors that are involved: 
somatic development, neurological development, 
cognitive development, and normal social develop-
ment of the adolescent [4]. Various developmental 
milestones in childhood and adolescence are arrived 
at sequentially but with a normal age range. This is 
noted in childhood by the observation that a child 
will not walk or run before specific levels of normal 
neurological maturity arise. Thus, training a child in 

advanced sports will not be successful because the 
child is not yet neurodevelopmentally ready for such 
training. Intense training does not advance normal 
neurodevelopmental progress nor alter normal se-
quencing of sports readiness.

Clinicians can be of immense help to youth and par-
ents by providing accurate information on growth and 
development. Physicians can help match youth with 
sports activities that match the youth’s stage of devel-
opment. Children enter puberty at different ages with 
a wide age range - 6 years of age to 14 years, though 
most enter puberty between 10 and 12 years of age. 
The individual must have basic neurodevelopment to 
be able to master the fundamentals of a specific sport 
and as normal maturity progresses, more advanced 
sports skills can be learned based on the youth’s in-
terest, desire to excel, genetic potential, and quality 
of training that is available. This applies to all youth, 
including those with physical and cognitive limita-
tions or disabilities [5]. As the youth refines these 
milestones they can go from the “fun” of sports play 
to the potentially more serious “competitive” sports 
play that can bring improved social esteem, fame, 
and even wealth. The real purpose of the sports play 
is to translate it onto a lifetime of exercise, since very 
few can actually proceed to success at high levels of 
sports participation [6].

As noted, neurodevelopment involves growth and 
maturation of the central nervous system with ad-
ditional attention to perceptual and sensory skills of 
the adolescent athlete [13]. Such growth and devel-
opment involves individual variations in the rate of 
achievement and progression of milestones that are 
also sequential and deeply rooted in the athlete’s ge-
netic background. There are various environmental 
factors that determine the success of sports play such 
as quality of available nutrition, quality of available 
sports equipment, and opportunities for sports play 
as well as proper coaching. Underlying neurological 
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maturation is a genetically based process while social 
and adoptive skills are under a wide range of factors 
including education, training, social expectations, 
and others.

Critical domains of neurodevelopment include those 
listed in Table 1. Dr. Arnold Gesell (1880-1961) was 
an American psychologist who wrote about “streams” 
of development (Table 2) [8]. In specific application 
to sports play, Fagard refers to skill as “proficiency 
with which an integrated activity is carried out” [9]. 
There are quantitative (i.e., number of milestones) 
versus qualitative milestones that refer to how well 
the athlete can perform tasks required for success in 
each sport activity.

Table 1. Critical Domains of Neurodevelopment

1. Cognitive
2. Physical or somatic
3. Neurological
4. Psychosocial or emotion
5. Sensory-perceptual

Table 2. Gesell’s “Streams” of Normal Childhood 
Development [8]	

1. Gross motor
2. Fine motor
3. Expressive language
4. Receptive language
5. Social and adaptive skills
6. Visual-motor problem solving

Physical growth refers to specific changes in size of 
the adolescent’s height and body systems. Maturation 
is the rate of progress in finalizing a mature status 
including such areas as skeletal, somatic, and sexual 
domains. This is especially important to the adoles-
cent because of such a wide variation in growth and 
development that are based on genetic patterns and 
on a chronological scale. Thus, skeletal growth can 
be advanced, average, or delayed with major impact 
on how the youth will perform in relation to his same-
age peers. Changes in genital and sexual organs are 
measured by the classic Tanner Staging or Sexually 
Maturity Ratings (SMR) [3]. Continued growth allows 
maturation in posture, locomotion, fine motor as well 
as visual-motor skills in the upper extremities and also 
eye-hand coordination. 

There are also changes in cognitive development 
(Table 3) that allow the athlete to go from perform-
ing simple tasks as a child to those involving more 
complex mental tasks as adolescents. The higher 
the youth advances in sports competition the higher 
levels of multiple domain integration that is required. 
This involves normal changes in visual-motor and 
auditory development that allow the athlete to keep 
tract of numerous players on the field by both sight 
and hearing.

Table 3. Maturational Tasks of Cognitive Development

1. Attention
2. Judgment 
3. Mental processing speed or alertness
4. Problem solving skills 
5. Thinking skills 

Sports Readiness refers to the level of maturity of an 
individual allowing the adolescent athlete to acquire 
a desired level of proficiency to permit success in the 
selected sport. It is based on various factors includ-
ing motor, physical, social, cognitive, and adaptive 
issues. This allows the athlete to coordinate complex 
functions and maneuvers that involved complicated 
movements of body parts (i.e., extremities), breath-
ing, thinking, and balancing. It leads to coordinated 
processing ability, agility, flexibility, speed of think-
ing, strength, and endurance.

Concepts of Sports Physiology in Adolescence
The child (pre-pubertal individual) usually has shorter 
extremities in relation to total body length than ma-
ture adolescents and adults. Children have a smaller 
muscle mass with limited strength and minimal re-
sponse to strength exercises. Males and females can 
play sports together until about 10 or 11 years of age 
because they are usually of similar size and strength. 
As puberty begins usually between 10 and 12 years 
of age, males developed decreased body fat content, 
more lean body mass, and greater strength compared 
to same age females. Females increase their body fat 
percentage from pre-pubertal level of 19% to 23% as 
an adult. Once puberty develops it is wise to separate 
males from females because of the increasing strength 
of the male in contrast to the female. The risks of in-
jures to the female is simply too high except in select 
sports, such as archery, golf, tennis, and swimming. 
Principles of training adolescent males and females 
for increasing strength have been described [2,3].
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Implications for Sports Participation
The wide variation in pubertal onset and completion 
has considerable implications for sports play in ado-
lescents. For example, a young adolescent with an 
early sexual maturity rating (SMR) or Tanner stage 
who appears to be awkward or clumsy, may simply 
need time to mature from an SMR viewpoint to be 
able to more effectively compete with peers and lose 
the label of being “clumsy or awkward.” It is important 
for the adolescent to have reached an appropriate level 
of neurodevelopmental and physiological maturation 
to effectively compete with same-age peers. Proper 
training and conditioning are always important but will 
not advance one who just needs more time for normal 
maturation based on his or her personal genetic code.

Early Male Development	
The adolescent male with early pubertal development 
has an advanced bone age compared with chronologi-
cal age, develops peak height velocity before his peers 
(before age 13), and tends to be taller with greater 
muscle mass, fat mass, and strength compared to 
his peers. He has greater strength (such as arm, grip, 
and explosive power for jumping or sprinting). Only 
one in four early male developers who are excelling 
in sports will continue to excel once his peers have 
caught up. This may result in the teenage male being 
called a “lazy” person when he can no longer compete 
at a high level, resulting in considerable depression 
in the adolescent and anger in the parent conditioned 
to expect to have a superstar athlete bring money and 
fame to the family.

Early Female Development
The adolescent female with early development may 
reach her peak height velocity before age 11, tends to 
be taller (than same age peers) with greater fat/fat free 
mass, more weight for height, relatively shorter legs, 
and broader hips. This usually is only a modest if any 
sports advantage with a social disadvantage. This is 
not an advantage for gymnastics, dancing, diving, or 
figure skating. It may also set up unrealistic predic-
tions of stardom when other peers catch up to her, as 
noted with the early male developer.

Late Male Development
The late developing adolescent male has delayed bone 
age, may not reach peak height velocity before age 15 
(later than his peers), is relatively shorter in stature, 
weaker, less coordinated, and experiences negative 
sports play (i.e., increased frustration, anxiety, and 

disappointment). He is usually not able to meet per-
formance expectations in sports and is often ignored 
by peers and the coaching staff.

Late Female Development
The late developing adolescent female may not reach 
her peak height velocity before age 13 years, tends to 
be taller than peers with lower weight for height, less 
fat mass, longer legs, and narrower hips. She often 
has a social advantage, performs better on upper ex-
tremity strength tests and has a sports advantage for 
gymnastics and figure skating.

Concepts of Sports Readiness 
Pre-pubertal Development
By 5 to 6 years of age the child can remember simple 
rules and play rudimentary games but does not 
comprehend the competitive nature of sports until 9 
years of age or later. Those under age 6 play what is 
called “beehive soccer” in which they swarm around 
the soccer ball as a disorganized “gang” to kick the 
ball. It can be frustrating to uninformed coaches or 
parents, but it is simply normal behavior for age. One 
classic study noted that timing accuracy in tennis im-
proved considerably between ages 7 and 10 [2,4,10]. 
Another study concluded that it was not until age 
10 that children in South Africa has the appropriate 
neurodevelopment to master the basic (not advanced) 
skills needed to play rugby [11]. Another classic 
study concluded that pediatric athletes are not able 
to understand complex sports tasks until 12 years of 
age [12]. It is not possible to accurately predict which 
children will become super stars in a specific sport 
in the future and there are considerable mental health 
implications for children or youth pushed in the wrong 
direction given false and unsupported predictions of 
future greatness [13-15].

Early Adolescence (Ages 11-14)
Most normal maturing young adolescents are ready for 
entry level into competitive sports such as football, ten-
nis, basketball, and baseball. Overall success is based on 
personal drive and genetics. However, these youth still 
require repeated teaching and demonstrations with sports 
instructions since they are usually in Piaget’s Concrete 
Operational thinking stage. They need a variety of sport 
experiences and should not yet “specialize” in only one 
sport unless this is clearly requested by the adolescent 
and not just the parent. This youth’s behavior is influ-
enced by behavior of parents and peers. They have a hard 
time dealing with criticism from coaches and parents. 
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They have limited life experiences and react poorly to 
overt negative comments, such as: “You need to drop 
out!” or “You hit like a girl!” “You should be a superstar-
what is wrong with you!” Bullying and teasing can be 
very detrimental at this stage of development.

Middle Adolescence (Ages 14-17/18)
Some youth at this stage find it difficult to adjust to 
their somatic growth spurt. The tall and thin male may 
be placed with shorter but more pubertally advanced 
players who are stronger, resulting in increased injuries 
to the tall male. The obese teenager may be competing 
against a similar weight but more muscular males and 
gets increased injuries because muscle is stronger than 
adipose tissue. This is especially true if the obese female 
is placed in a wresting match with less obese males 
who are physiologically stronger. Middle adolescents 
must know if they have the needed skills and ability to 
understand the demands of their sports. They must learn 
to develop the appropriate emotional temperament to 
handle their chosen sport.

The more competitive the sport, the more pressure to 
meet a specific body type. Wrestlers find it difficult to 
maintain a desired weight; they may use pathogenic 
weight control measures or refuse to move to another 
weight class as they grow out of fear that they will lose. 
The females are now heavier and may use sports to keep 
their weight down; for example, growing dancers and 
gymnasts may use pathogenic measures to maintain an 
ultra-thin body that nature (puberty) is trying to change 
with normal gain in body fat levels. Defensive tackles 
in American football must bulk up (“i.e., gain massive 
weight) to meet a desired body type for a specific team 
position. Sports doping becomes very common in middle 
adolescents seeking every advantage possible to be suc-
cessful in their chose sport [8].

Late Adolescence (Ages 18 to Adulthood) 
The late adolescent usually has the key skills to meet 
the demands of their sport from multiple levels: 
social, emotional, cognitively, visual-motor, and per-
ceptual. Very few have the elite skills and motivation 
demanded for competition at the professional and 
Olympic level. It is important for clinicians to teach 
them to participate in sports for the fun of it to allow 
a lifetime habit of exercise, fitness, and recreation. 
Though many have dreams of glory, few are given 
the genetic potential to reach such high goals. 

The term neurodevelopment refers to the synthesis of 
various functions of the adolescent athlete as reflected 

in this article. Adolescent athletes must muster various 
fundamental skills for each desired sports for effec-
tive sports play. Clinicians can guide the pediatric 
athlete from childhood to late adolescence to follow 
their acquisition of normal milestones. Youth can be 
delayed or precocious in their development with con-
siderable impact on sports play. Clinicians can help 
youth of all neurodevelopmental and pubertal matura-
tions participate in sports successfully and minimize 
the detrimental potential of sport participation. The 
actual purpose of youth sports play is to encourage a 
lifetime of exercise and fitness for a more enjoyable 
and productive adulthood [5,8,14].
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SUMMARY

CONCEPTS OF NEURODEVELOPMENT IN 
SPORTS ACTIVITY FOR ADOLESCENTS
 
Donald E. Greydanus, Helen D. Pratt, 
Dilip R. Patel

Pediatrics & Human Development, Michigan State 
University, Kalamazoo Center for Medical Studies, 
Michigan, USA

This article highlights comments on this question for 
both teenager and parent, focusing on key underlying 
concepts as neurodevelopment and sports readiness.
Issues regarding neurodevelopment in adolescent 
sports are considered in this article. Understanding 
the neurodevelopment of the Adolescent Athlete and 
how this development impacts sports participation is 
critical for clinicians to provide parents, coaches, and 
sports organizers with valuable information about how 
to select activities for their children that will have a 
positive impact on their overall growth and develop-
ment as well as optimize their benefit from sports 
play. Stories of child prodigies who began to learn 
a specific sport before age three stimulate parents to 

question whether or not they also should be enrolling 
their very young children in such aggressive training 
programs. Physicians and health care sports profes-
sionals should provide information to other profes-
sionals and parents about issues related to successful 
sports participation of the pediatric athlete, both as a 
child and as an adolescent. 

Key words: neurodevelopment, sports activity, ado-
lescents.

РЕЗЮМЕ

РАЗВИТИЕ НЕРВНОЙ СИСТЕМЫ У ПОД-
РОСТКОВ, ЗАНИМАЮЩИХСЯ СПОРТОМ

Дональд Е. Грейданус, Элен Д. Пратт, 
Дилип Р. Пател 

Педиатрия и развитие человека, Мичиганский 
государственный университет, Каламазуу центр 
медицинских исследований, Мичиган, США

В данной статье рассматриваются вопросы раз-
вития нервной системы подростков,  ориенти-
рованных на спорт высших достижений, даются 
разъяснения для родителей и подростков. Осо-
бое внимание обращается на основополагающие 
концепции – нейроразвитие и готовность к 
спорту. Как известно, спорт - это одна из раз-
новидностей деятельности, основной формой 
которой является спортивное соревнование. 
Кроме того, спорт является разновидностью 
профессиональной деятельности и может быть 
охарактеризован теми же психологическими 
категориями, как труд, учение и игра. Успехи в 
спорте у детей, которых начали целенаправлен-
но тренироваться в возрасте до трех лет, ставят 
родителей перед необходимостью решать, не 
стоит ли начинать агрессивные тренировки 
уже в этом возрасте? Врачи и специалисты 
спортивной медицины должны представлять 
родителям и другим профессионалам всеобъем-
лющую информацию о спортивной активности 
детей и подростков. Клиницисты, должны пред-
ставлять информацию родителям, тренерам и 
организаторам спорта касательно подбора тех 
видов спорта, которые будут иметь наилучшее 
влияние на полноценное развитие подростка 
и в котором подросток может достигнуть наи-
большего успеха. 
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reziume

nervuli sistemis ganviTarebis koncef-
cia sportsmen mozardebSi

donald e. greidanusi, helen d. prati, 
dilip r. pateli

pediatria da adamianis ganviTareba, 
miCiganis saxelmwifo universiteti, 
samedicino kvlevebis kalamazuus centri, 
miCigani, aSS

statiaSi ganxilulia nervuli sistemis 
ganviTarebis sakiTxebi sportiT dakave-
bul mozardebSi. friad mniSvnelovania, 
rom klinicistebma droulad miawodon 

mSoblebs, mwvrTnelebsa da sportis 
organizatorebs informacia imis Tao-
baze, Tu ra saxis sportuli aqtivoba 
iqneba sasargeblo bavSvebisTvis,  maTi 
zrda-ganviTarebisa da sportuli miR-
wevebisTvis. cnobebi adreul asakidanve 
bavSvebis did sportSi CarTvis warmate-
bulobis Sesaxeb ganapirobebs mSoblebis 
moTxovnas sam wlamde asakis bavSvebi 
CarTulni iyvnen specialur sportul 
aqtivobaSi da Rebulobdnen agresiul 
sportul datvirTvas. eqimebi da samedi-
cino sportis medikosi profesionalebi 
unda awvdidnen adeqvatur informacias 
mSoblebsa da sxva profesionalebs spor-
tuli aqtivobis optimizaciis misaRwevad 
bavSvebsa da mozardebSi. G

ASSESSMENT OF ANTHROPOLOGICAL, PHYSICAL AND FUNCTIONAL INDICES 
IN SPORTSMEN (basketball players) against the background 

of high physical loading 

Chakhunashvili G., Jobava N., Guchashvili M., Chakhunashvili K., 
Gogilashvili T., Shvangiradze M., Pagava K.  

G. Jvania Pediatric Clinic, Tbilisi, Georgia

Physical development of the organism is defined as 
the complex process of changes in morpho-functional 
peculiarities. It obeys to biological laws and reflects 
the general laws of growth and development.  

The intensification of process of training [1,6,4] 
and systematic overloading of the organism causes 
the reduction of structural, physiological and other 
reserves. The intensive physical loading presents 
to the organism, especially to the action of its 
cardio-vascular system increased requirements. 
As a result, among the sportsmen the deficit con-
dition is observed which may be accompanied by 
the depletion of functional reserves, negative ef-
fects and health disorder [2,8,10,13,14]. The basic 
characteristic of human health appears to be the 
condition of cardio-vascular system. The studying 
of functional condition of cardio-vascular system in 

sportsmen in the conditions of long-term adaptation 
to physical loading is one of the actual problems 
of sport cardiology and physiology. Thus, the most 
significant problem of sport medicine is the acute 
and chronic overloading and its prophylaxis. From 
this point of view, it is necessary to reveal informa-
tive characteristics for the purpose of optimization 
of training process and the estimation of functional 
condition of sportsmen, its prognostication and 
management, as well as in order to avoid negative 
effects of adaptation to intensive physical loading 
[5,7,9,12].

The goal of the investigation was the estimation of 
functional condition of anthropometrical, physical 
and cardiovascular system of sportsmen-basketball 
players against the background of high physical 
loading. 
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Table 1. Changes in anthropometrical, physical and functional indices 
of basketball players before and after physical loading

Indicators
Before physical load After physical load

High-
est Lowest Mean Highest Lowest Mean t p

Body mass 43,00 100,00 62,96±2,48 45,00 99,00 64,23±2,38 2,98 0,0053
Sitting height 94,00 136,00 123,29±1,44 96,00 140,00 124,97±1,49 4,58 0,0001
Standing height 152,00 190,00 168,46±1,52 154,00 191,00 169,91±1,56 4,12 0,0002
Diameter of shoulder 21,00 36,00 26,97±0,64 22,00 36,00 27,86±0,59 3,23 0,0028
Breast sagital size 35,00 85,00 44,60±1,41 32,00 85,00 44,74±1,41 0,54 0,5949
Breast frontal size 36,00 87,00 45,96±1,41 36,00 87,00 46,69±1,39 2,25 0,0310
Diameter of right 
palm 15,00 19,00 17,37±0,19 15,00 20,00 17,43±0,20 1,00 0,3244

Diameter of pelvis 70,00 114,00 87,37±1,63 72,00 110,00 86,31±1,53 1,00 0,3244
Circumference 
of shoulder
(during muscle strain)

23,00 89,00 31,91±1,83 23,00 89,00 31,97±1,83 3,24 0,0027

Circumference 
of forearm 20,00 31,00 25,69±0,44 20,00 31,00 25,66±0,43 2,07 0,0460

Circumference 
of shoulder 22,00 36,00 27,77±0,51 22,00 36,00 27,74±0,51 1,00 0,3244

Circumference of shin 27,00 43,00 33,94±0,66 27,00 43,00 33,91±0,67 1,00 0,3244
Circumference of 
weist 64,00 100,00 76,40±1,31 64,00 100,00 76,80±1,34 1,00 0,3244

T-1 90,00 130,00 114,57±1,40 90,00 130,00 113,86±1,45 1,00 0,3244
T-2 60,00 80,00 66,29±0,92 60,00 80,00 66,86±0,92 0,93 0,3592
R- after load 20,00 29,00 25,49±0,41 20,00 29,00 25,80±0,39 1,15 0,2572
R- after load -30 min 25,00 36,00 30,23±0,30 25,00 38,00 30,97±0,44 1,28 0,2105
R- after load -1 min 28,00 38,00 33,29±0,36 28,00 40,00 33,60±0,40 3,06 0,0306
R- after load -2 min 31,00 40,00 36,00±0,33 31,00 42,00 36,40±0,42 3,06 0,0044
P-before load 58,00 88,00 75,57±1,15 58,00 90,00 76,20±1,17 1,72 0,0938
P- before load -30sec 90,00 122,00 105,00±1,48 90,00 128,00 105,60±2,25 1,56 0,0308
P- before load -1 min 94,00 130,00 114,31±1,34 94,00 132,00 114,54±1,36 2,09 0,0437
P- before load -2 min 100,0 136,00 119,34±1,28 100,00 134,00 119,20±1,2 0,44 0,6662
R- after load -1 min 86,00 110,00 95,77±1,05 88,00 110,00 95,89±1,03 1,00 0,3244
P-blood pressure 30,00 65,00 48,43±1,40 30,00 65,00 48,29±1,37 1,00 0,3244
Mean blood pressure 75,00 105,00 90,50±0,97 75,00 105,00 90,43±0,96 1,00 0,3244
IKettle index 16,69 30,61 21,94±0,55 17,72 29,94 22,06±0,55 0,72 0,4774
Minuvre index 
of proportionality 23,44 93,62 37,35±2,30 21,88 90,63 36,65±2,26 1,41 0,1676

Breast development 
coefficient -6,00 27,00 7,97±1,24 -6,50 26,00 7,94±1,20 0,10 0,9219

Pinie Index -35,0 36,00 13,30±2,97 -33,00 30,00 12,77±2,89 0,84 0,4076
Ruffie Index 4,20 11,60 7,63±0,25 4,2 11,6 7,71±0,27 2,30 0,0277
Amec 1980, 5720,0 3683,00±138,6 1980 5850 3685,972±1 1,25 0,2214
Resistance  coefficient 12,31 23,33 16,01±0,48 12,31 23,33 16,16±0,46 1,08 0,2858
Lilianstrand 
coefficient 35,29 70,27 53,47±1,43 35,29 70,27 53,30±1,35 0,04 0,9683

Cander Index 2320, 6183,7 4064,61±144 2320 6324,32 4074,39±138, 1,27 0,2127
Shtange test 34,00 68,00 53,69±1,68 34,00 68,00 54,03±1,68 1,67 0,1032
Gench test 18,00 39,00 26,57±0,83 18,00 40,00 26,97±0,87 1,87 0,0700
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Table 2. The amplitude parameters of cardiac cycle in sportsmen-basketball players 
before and after physical loading

Without physical load Under physical  load
Mini-
mum

Maxi-
mum M m Minimum Maximum M m p

R I 3 6 4,43 0,14 3 17 6,43 0,71 0,2854
II 6 20 13,43 0,63 6 17 12,14 0,59 0,2872
III 4 20 11,14 0,74 5 17 9,71 0,67 0,2716

AVR -1 1 0,71 0,11 -1 2 1,14 0,15 0,2567
AVL 1 5 2,29 0,18 1 15 6,00 0,82 0,2598
AVF 5 20 11,71 0,68 4 15 9,14 0,57 0,3202
V1 1 8 4,29 0,40 1 16 6,71 0,98 0,2153
V2 5 18 8,71 0,63 4 17 8,43 0,62 0,4108
V3 7 21 10,14 0,71 7 20 10,14 0,65 0,5232
V4 8 23 15,57 0,89 7 25 16,57 0,91 0,4394
V5 10 22 18,86 0,60 18 24 20,57 0,28 0,4926
V6 10 57 21,43 2,38 15 86 41,57 3,66 0,5656

S I 1 2 1,14 0,05 1 2 1,14 0,05 1
II 1 2 1,71 0,07 1 2 1,43 0,08 0,0002
III 1 2 1,14 0,05 1 13 2,86 0,65 0,0131

AVR 6 11 8,29 0,26 2 13 8,48 0,57 0,6802
AVL 1 8 3,86 0,37 1 8 2,86 0,42 0,0001
AVF 1 2 1,57 0,08 -1 8 2,43 0,42 0,036
V1 2 20 10,57 0,85 2 18 10,57 0,64 1
V2 2 17 11,29 0,74 9 20 14,48 0,65 0
V3 2 20 10,86 0,82 6 15 9,29 0,45 0,0064
V4 2 15 9,00 0,69 1 18 8,43 0,85 0,5318
V5 4 12 7,14 0,38 2 12 5,14 0,46 0
V6 2 9 4,71 0,39 3 12 5,13 0,54 0,0033

P heath I 1 1 1,00 0,00 1 2 1,14 0,05 0,0125
II 1 2 1,43 0,08 1 2 1,67 0,07 0,0312
III 1 2 1,43 0,08 1 2 1,29 0,07 0,0125

AVR -2 1 -0,29 0,18 -2 1 -0,29 0,23 1
AVL 1 2 1,14 0,05 1 1 1,00 0,00 0,0125
AVF 1 2 1,29 0,07 1 2 1,29 0,07 1
V1 -1 1 0,71 0,11 -1 1 0,71 0,11 .
V2 -1 2 0,86 0,13 1 2 1,14 0,05 0,0441
V3 1 2 1,14 0,05 1 2 1,14 0,05 1
V4 1 2 1,14 0,05 1 2 1,43 0,08 0,0002
V5 1 2 1,29 0,07 1 2 1,29 0,07 1
V6 -1 2 1,00 0,14 1 2 1,17 0,06 0,0438

P width I 0,1 0,12 0,11 0,00 0,1 0,12 0,11 0,00 0,0125
II 0,1 0,12 0,11 0,00 0,1 0,14 0,12 0,00 0,0002
III 0,1 0,14 0,12 0,00 0,1 0,14 0,11 0,00 0,1598

AVR -0,12 0,14 0,08 0,01 0,1 0,14 0,12 0,00 0,0055
AVL 0,1 0,12 0,11 0,00 0,1 0,12 0,11 0,00 0,0125
AVF 0,1 0,12 0,12 0,00 0,1 0,12 0,11 0,00 0
V1 0,1 0,12 0,11 0,00 0,1 0,12 0,11 0,00 1
V2 0,1 0,12 0,10 0,00 0,1 0,12 0,11 0,00 0
V3 0,1 0,2 0,13 0,00 0,1 0,12 0,11 0,00 0,031
V4 0,1 0,12 0,11 0,00 0,1 0,14 0,12 0,00 0,0002
V5 0,1 0,12 0,11 0,00 0,1 0,12 0,11 0,00 0,5336
V6 0,12 1 0,37 0,06 0,1 1 0,37 0,06 0,0125
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T+ I 0,3 4 2,19 0,18 2 4 2,67 0,11 0,0152
II 0,4 4 2,63 0,18 2 5 3,10 0,16 0,0075
III 0,2 2 1,46 0,11 -3 22 3,43 1,22 0,1026

AVR -5 3 -2,14 0,36 -4 2 -1,48 0,31 0,0019
AVL 1 2 1,57 0,08 -2 2 1,19 0,18 0,0657
AVF 1 4 2,36 0,15 1 4 2,40 0,16 0,7361
V1 -3 2 0,21 0,33 -2 4 0,14 0,40 0,7987
V2 3 6 4,14 0,15 3 7 4,81 0,25 0,0019
V3 3 7 5,14 0,19 2 9 5,29 0,38 0,6547
V4 3 7 5,43 0,22 2 11 5,33 0,45 0,8143
V5 3 8 5,43 0,25 2 10 4,71 0,41 0,0368
V6 0,4 10 4,63 0,41 2 7 4,00 0,24 0,032

QT II 0,3 0,36 0,33 0,00 0,28 0,32 0,31 0,00 0
QT1 II 0,15 0,22 0,20 0,00 0,15 0,2 0,19 0,00 0,0128
T I 0,02 0,04 0,03 0,00 0,02 0,04 0,03 0,00 0,0441

II 0,03 0,04 0,03 0,00 0,02 0,04 0,03 0,00 0,3232
III 0,02 0,04 0,03 0,00 0,02 0,04 0,03 0,00 0,3608

AVR 0,03 0,22 0,06 0,01 0,02 0,04 0,03 0,00 0,0061
AVL 0,02 0,04 0,03 0,00 0,02 0,04 0,03 0,00 1
AVF 0,03 0,04 0,04 0,00 0,02 0,04 0,03 0,00 0,0016
V1 0,03 0,05 0,04 0,00 0,03 0,06 0,04 0,00 0,0441
V2 0,03 0,06 0,05 0,00 0,04 0,06 0,05 0,00 0,3608
V3 0 0,06 0,04 0,00 0,03 0,06 0,04 0,00 0,1436
V4 0,03 0,08 0,05 0,00 0,02 0,06 0,04 0,00 0,0019
V5 0,03 0,04 0,04 0,00 0,01 0,04 0,04 0,00 0,1226
V6 0,03 0,04 0,04 0,00 0,02 0,04 0,04 0,00 0,0441

QRS I 0,08 0,16 0,13 0,00 0,1 0,13 0,11 0,00 0,0001
II 0,08 0,16 0,13 0,00 0,1 0,15 0,12 0,00 0,0611
III 0,06 0,16 0,11 0,00 0,1 0,12 0,12 0,00 0,3635

AVR -0,1 0,16 0,10 0,01 -0,1 0,14 0,11 0,01 0,3734
AVL 0,08 0,14 0,12 0,00 0,1 0,16 0,12 0,00 0,3869
AVF 0,08 0,16 0,12 0,00 0,1 0,14 0,12 0,00 0,8394
V1 0,1 0,16 0,12 0,00 0,1 0,14 0,12 0,00 0,5853
V2 0,08 0,16 0,13 0,00 0,08 0,14 0,13 0,00 0,5336
V3 0,1 0,16 0,13 0,00 0,1 0,14 0,12 0,00 0,0248
V4 0,1 0,16 0,13 0,00 0,1 0,14 0,13 0,00 0,4003
V5 0,08 0,14 0,12 0,00 0,12 0,14 0,13 0,00 0,0009
V6 0,1 0,15 0,12 0,00 0,12 0,3 0,16 0,01 0,0018

ST I 0,13 0,18 0,16 0,00 0,13 0,18 0,16 0,00 0,6751
II 0,12 0,19 0,16 0,00 0,12 0,18 0,15 0,00 0,0441
III 0,14 0,2 0,17 0,00 0,13 0,18 0,15 0,00 0

AVR -0,23 0,17 0,08 0,02 -0,23 0,17 0,13 0,01 0,0098
AVL 0,14 0,18 0,16 0,00 0,12 0,18 0,15 0,00 0,0932
AVF 0,14 0,18 0,16 0,00 0,12 0,17 0,15 0,00 0,0204
V1 0,12 0,17 0,14 0,00 0,12 0,17 0,14 0,00 0,258
V2 0,13 0,16 0,14 0,00 0,1 0,16 0,13 0,00 0,0014
V3 0,13 0,2 0,15 0,00 0,1 0,17 0,14 0,00 0,1417
V4 0,12 0,16 0,14 0,00 0,11 0,18 0,15 0,00 0,512
V5 0,12 0,18 0,16 0,00 0,1 0,18 0,14 0,00 0,0084
V6 0,12 0,18 0,16 0,00 -0,04 0,19 0,12 0,01 0,002
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Material and methods. The results of the investi-
gation of the indices of physical development and 
cardio-vascular system condition as well as the results 
of adaptation to the physical loading of 100 basketball 
players at the age from 12 till 18 years underlay the 
study. The criteria of inclusion: satisfactory social and 
economic conditions, satisfactory and good sports 
results. Randomized and open controllable research 
was carried out during 6 months. The following 
characteristics have been studied: how many days the 
sportsman is training in a week, how many hours the 
sportsman is training per day, his mood after training, 
over fatigue and overtension, frequency of heartbeat, 
time of breath holding, the general condition, the 
height in sitting and standing position; circumference 
of lumbus, chest, arm and limbs, the pulse, pulse, 
systolic and diastolic arterial pressure before and 
after physical loading. According to these factors the 
following sport indices are calculated: Index of Rufe 
(physical work capacity), the coefficient of endur-
ance (Kvas formula), Shtange test (breath holding at 
sighing), Genchi test (breath holding at exhalation), 
average arterial pressure, systolic and cardiac output 
of blood circulation (the formula of Lilienstrad and 
Tsander), the coefficient of blood circulation effec-
tiveness, Ketle index (the ratio of height and weight), 
Minuvre index (the ratio of body and feet length), 
Pinie index (power of body-build).  

The estimation of reliability of quantitative indices 
was done by Student criterion (t), while qualitative 
indices were estimated by means of χ2 criterion. The 
mathematical support was accomplished by the use 
of SPSS-11 program. 

Results and their discussion. At the first stage of 
investigation the comparative analysis of anthropo-
metrical, physical and functional indices of basketball 
players against the background of physical loading 
have been studied (table 1). 

According to the indices of the weight, height, the 
diameter of arm and chest, the circumference arm 
and forearm there were not found any considerable 
changes. After the loading only the frequencies of 
breath and pulse, as well as pulse pressure increased; 
after the loading the reduction of heartbeat frequency 
and average pressure also took place. Besides, such 
functional data as respiratory indices (Shtange and 
Genchi tests), Rufe index, the coefficient of endur-
ance, systolic and cardiac output of blood circulation 

(the formula of Lilienstrad and Tsander) have been 
changed, the coefficient of blood circulation effective-
ness has worsened. 

The following stage of investigation the amplitude pa-
rameters of cardiac cycle were studied in sportsmen-
basketball players before and after physical loading 
(table 2). 

As it turned out, amplitude indices of R wave were 
not changed after physical loading; S - reliably de-
creases in II, AVL, V3, V5 derivations and reliably 
increases in AVF and V6 derivations; Р – height 
reliably increases in I, II, V2, V4 and V6 derivations 
and reliably decreases in III and is negative in AVL 
derivations. P – the width reliably decreases in I, AVL, 
V3 and V6 derivations and reliably increases in AVR 
and V4 derivations; T+ reliably decreases in V5 and 
V6 derivations and reliably increases in I, II, AVR 
and V2 derivations; QT and QT1 reliably decrease. 
T – reliably decreases in AVR, AVF, V4 and V6 deri-
vations and reliably increases in I and V1 derivations; 
QRS – reliably decreases in I and V3 derivations and 
increases in V5 and V6 derivations; ST – reliably 
decreases in II, AVF, V2, V5, V6 derivations and 
increases in AVR derivation. 

Conclusions
Statistically authentic increase of breath and pulse in 
frequency was observed in sportsmen-basketball play-
ers after physical loading. The study of amplitude pa-
rameters of cardiac cycle among sportsmen-basketball 
players before and after physical loading has revealed 
the ability of rather low adaptation of cardiovascular 
system to physical loading. 

Thus, with the aim of prevention of pre-pathological 
and pathological state of sportsmen the well-timed 
diagnostics of dysadaptation symptoms and functional 
disorders is necessary, as well as to carry out preven-
tive measures and the correction and individualization 
of sport training process. 
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SUMMARY

ASSESSMENT OF ANTHROPOLOGICAL, PHYSI-
CAL AND   FUNCTIONAL   INDICES IN SPORTS-
MEN (basketball players) against the 
background of high physical  loading 

Chakhunashvili G., Jobava N., Guchashvili M., 
Chakhunashvili K., Gogilashvili T., Shvangi-
radze M., Pagava K.  

G. Jvania Pediatric Clinic, Tbilisi, Georgia

The goal of the investigation was the estimation of 
functional condition of anthropometrical, physical and 

cardiovascular system of sportsmen-basketball play-
ers against the background of high physical loading. 

100 basketball players at the age from 12 till 18 years 
underlay the study. Randomized and open control-
lable research was carried out during 6 months. The 
following characteristics have been studied: how 
many days the sportsman is training in a week, how 
many hours the sportsman is training per day, his 
mood after training, over fatigue and overtension, 
frequency of heartbeat, time of breath holding, the 
general condition, the height in sitting and standing 
position; circumference of lumbus, chest, arm and 
limbs, the pulse, pulse, systolic and diastolic arterial 
pressure before and after physical loading. According 
to these factors the following sport indices are cal-
culated: Index of Rufe (physical work capacity), the 
coefficient of endurance (Kvas formula), Shtange test 
(breath holding at sighing), Genchi test (breath hold-
ing at exhalation), average arterial pressure, systolic 
and cardiac output of blood circulation (the formula 
of Lilienstrad and Tsander), the coefficient of blood 
circulation effectiveness, Ketle index (the ratio of 
height and weight), Minuvre index (the ratio of body 
and feet length), Pinie index (power of body-build). 
Statistically authentic increase of breath and pulse in 
frequency was observed in sportsmen-basketball play-
ers after physical loading. The study of amplitude pa-
rameters of cardiac cycle among sportsmen-basketball 
players before and after physical loading has revealed 
the ability of rather low adaptation of cardiovascular 
system to physical loading. 

Key words: Sportsmen adolescents, physical indices, 
cardio-vascular system.
 
РЕЗЮМЕ

АНТРОПОМЕТРИЧЕСКИЕ, ФИЗИЧЕСКИЕ 
И ФУНКЦИОНАЛЬНЫЕ ПОКАЗАТЕЛИ У 
СПОРТСМЕНОВ (БАСКЕТБОЛИСТОВ) ПРИ 
ФИЗИЧЕСКОЙ НАГРУЗКЕ 

Чахунашвили Г.C., Джобава Н.Д., Гучашви-
ли М.Ш., Чахунашвили К.C., Гогилашвили Т.И., 
Швангирадзе М.А., Пагава К.И.

Педиатрическая клиника им. Г. Жвания, Тбилиси, 
Грузия 
 
Целью исследования явилось определение ан-
тропометрических и физических показателей, 
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а также функционального состояния сердечно-
сосудистой системы у спортсменов при высокой 
физической нагрузке. 

Обследовались 100 баскетболистов в возрасте 
от 12 до 18 лет. На фоне высокой физической 
нагрузки определялись показатели физичес-
кого развития и функционального состояния 
сердечно-сосудистой системы (индекс Руффе, 
формула Кваса, тест Штанге, тест Генчи, форму-
ла Лилиенштрада и Цандера, индекс Кетле, ин-
декс Минувра, индекс Пинье). 

Выявлено статистически достоверное повыше-
ние частоты пульса и дыхания. Изучение ампли-
тудных параметров сердечного цикла у баскетбо-
листов, до и после физической нагрузки, показало 
низкую адаптацию сердечно-сосудистой системы 
на физическую нагрузку. 

Установлено, что для превенции патологических 
процессов у спортсменов необходимо проведе-
ние лечебно-профилактических мероприятий, 
выявление ранних симптомов дисадаптации и 
индивидуализация тренировочных нагрузок. 

reziume

sportsmenTa (kalaTburTelTa) anTropometruli, fizikuri 
da funqciuri maxasiaTeblebi fizikuri datvirTvis fonze

g. CaxunaSvili, n. jobava, m. RuWaSvili, k. CaxunaSvili, 
T. gogilaSvili, m. SvangiraZe, y. faRava

g. Jvanias sax. pediatriuli klinika, Tbilisi, saqarTvelo 

Sromis mizani iyo sportsmen kalaT-
burTelTa antropometruli, fizikuri da 
gul-sisxlZarRvTa sistemis funqciuri 
mdgomareobis Sefaseba maRali fizikuri 
datvirTvis fonze.

samuSaos safuZvlad daedo 12-dan 18 
wlamde asakis 100 kalaTburTelis fizi-
kuri ganviTarebisa da gul-sisxlZarRvTa 
sistemis (gss) mdgomareobis maCveneblebi-
sa da datvirTvaze adaptaciis gamokvle-
vis Sedegebi. 

Catarda randomizebuli Ria kontroli-
rebadi kvleva 6 Tvis ganmavlobaSi. 

daskvnebi: sportsmen kalaTburTelebSi 
fizikuri datvirTvis Sedegad aRiniSna 

sunTqvisa da pulsis sixSiris statis-
tikurad sarwmuno mateba.

sportsmen kalaTburTelebSi gulis 
ciklis amplituduri parametrebis 
Seswavlam datvirTvamde da fizikuri 
datvirTvis Semdeg gamoavlina fizikur 
datvirTavaze gss-is SedarebiT dabali 
adaptaciis unari. 

amgvarad, sportsmenebSi prepaTologiuri 
da paTologiuri mdgomareobis prevenci-
is mizniT aucilebelia disadaptaciis 
simptomebisa da funqciuri darRvevebis 
drouli diagnostika, profilaqtikuri 
RonisZiebebis Catareba, da sportuli 
wvrTnis procesis koreqcia da individua-
lizacia.
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Tennis is among the most popular sports throughout 
the world. The number of recreational and profes-
sional players is continually increasing. It has been 
roughly estimated that more than 35 million people 
are actively engaged in USA and more than 5 millions 
do it frequently. So is in Europe where millions play 
regularly, and a number of young players increases 
systematically. In Poland, more than 2500 children 
take part in the official tournaments each year. Some 
of them has become the elite players enrolled in the of-
ficial rankings, including the national singles ranking 
and International Tennis Federation’s Junior Circuit 
ranking (ITFJC). Tennis provides a tremendously ef-
fective fitness activity with a versatile motion patterns, 
diverse intensities, tempos, strokes and prolonged 
physical performance given the potential variability 
in games per match, sets per match, and matches per 
tournament [19]. Regular tennis players experience 
a variety of health-related benefits, from improved 
cardiovascular, musculoskeletal, and metabolic func-
tions, to ameliorated agility, coordination, and even 
management of stress and anxiety. 

There is a substantial data on physiological demands 
in regular adult tennis players [8]. Recently, there 
has been a growing interest in young elite tennis 
representatives and factors influencing their physical 
performance, but only a few data has been already 
published. The still open issue is the relationship be-
tween body growth and physical capacity or specific 
technical skills within young players, even though it 
would appear particularly essential for effective train-
ing, as the puberty is a period of most rapid and sig-
nificant changes of an organism. Elite and sometimes 
recreational tennis players are involved in a sport that 
applies high repetitive loads, associated with tension 
overload challenge. International adolescent high 
level competition has the potential to be an extremely 
stressful and injurious experience [3,21]. Excessive 
workload may disturb an individual development [5], 
including temporal changes in the DNA strands [28]. 

The appropriate physical and psychological prepara-
tion is practically verified during tennis tournaments 
and consequently, in the ranking classifications. Regu-
lar monitoring of the somatic development during 
adolescence combined with assessment of endurance 
capacity can certainly improve future performance 
and prospective for a professional career. 

The present study was undertaken to evaluate the 
relationships among the major antropological param-
eters, physicial capacity, and the ranking position as 
an index of the temporal success. 

Material and methods. Subjects Seventeen elite 
level, junior female tennis players (age range 15-17 
years; height 167.9±5.4 cm; body mass 58.1±7.7 kg) 
were recruited into the study. Each participant regu-
larly trained and played tennis, and was included in 
the national singles ranking (positions between 1st 
and 80th) and in the International Tennis Federation’s 
Junior Circuit ranking (ITFJC; positions 21 to 990). 
The average period of regular tennis playing was 
8.6±1.1 year, and the weekly training sessions during 
the six months before testing were 19-20 hr per week. 
The volunteers were divided into three age-matched 
groups (15 year-old, G15, n = 6; 16 year-old, G16, 
n = 4, and 17 year-old, G17 n = 7). The participants 
and their parents were informed in detail about the 
study and possible risks. Written informed consent 
was given by each subject’s parents. The study was 
approved by the Human Ethics Committee at Acad-
emy of Physical Education and Sport. 

Anthropometric measurements Body mass (BM) and 
body composition were estimated using a bioelectrical 
impedance floor scale (TBF-300 Body Fat Monitor/
Scale Analyzer, Tanita, Japan) calibrated in accor-
dance with manufacturer guidelines prior to each test 
session. One hour following a light breakfast, partici-
pants voided their bladder and bowels and underwent 
duplicate measures while in the standing position 

BODY COMPOSITION AND PHYSICAL CAPACITY 
OF ELITE ADOLESCENT FEMALE TENNIS PLAYERS

1Ewa Ziemann, 2Ewelina Śledziewska, 2Tomasz Grzywacz, 
3Ann L. Gibson, 1,4Tomasz H. Wierzba 

1Warsaw School of Social Sciences and Humanities, Department of Physiotherapy, Sopot, Poland; 
2Academy of Physical Education and Sport, Department of Physiology, Gdańsk, Poland; 

3University of New Mexico, Department of Health, Exercise, and Sports Sciences, Albuquerque, NM, USA; 
4Medical University of Gdansk, Department of Physiology, Gdańsk, Poland



20

	
Медицинские новости грузии

cfmfhsdtkjc cfvtlbwbyj cbf[ktyb

recommended by the manufacturer guidelines. The 
average of the two values was used for final analysis. 
Assessment of the participant’s biological maturity level 
was completed using the biological age determination 
method utilizing standard, gender-specific, height and 
weight percentile charts as adjusted for children from 
Warsaw and accepted as universal for Poland.

Aerobic capacity measurement. Maximal oxygen uptake 
(VO2max) was used as an index of aerobic capacity. To 
estimate VO2max participants performed the 12-min 
Cooper’s test [11]. Volunteers were allowed a 3-min 
warm up. Then a 12-min run was performed individu-
ally on an outdoor tartan running track in a way to cover 
a possibly long distance within the given time limit. 
After a call of “ready” the exercise began from a stand-
ing start. When the run time elapsed the final position 
of each participant was marked on the running track. 
The run distance, approximated to the nearest 5 m, was 
recorded. The test was conducted only once. Maxi-
mal oxygen uptake was calculated using the formula 
VO2max=0.0268(distance, meters)-11.3.

Anaerobic power measurement. Participants per-
formed the Wingate anaerobic power test (WAnT) on 
a mechanically-braked cycle ergometer (884E Sprint 
Bike, Monark, Sweden) according to the modified 
Bar-Or procedure [32]. The testing session started 
with a standardized 5-min warm up cycling at 1.0 
W.kgBM

-1 including two all-out sprints lasting 3-5s 
each, against the resistance used for the test. Follow-
ing a 5-min rest, the WAnT began from a stationary 
seated position with a right foot placed onto the er-
gometer pedal fixed at approximately 45 degrees as 
previously described [20]. While got ready to start 

up, the participants were instructed to maximally ac-
celerate their pedaling rate. Then they were verbally 
encouraged to maintain this pedaling cadence in a 
seated position as long as possible throughout the 
15s test. Usually, at the very beginning of the test 
and also within the last seconds of the challenge most 
participants were unable to maintain seated position. 
Pedaling at standing position helped overcome the 
resistance and to achieve the maximal pedaling rate. 
A flywheel resistance was 0.075 kg.kgBM

-1 (corre-
sponding to 7.5% of each individual’s BM) and was 
applied at the onset of the WAnT. The basic anaerobic 
parameters were determined from the 15s Wingate 
sprint data for each participant using the Multi Cy-
clo Ergometer System (MCE v 5.1 Software, Sport 
Institute, Warsaw, Poland). 

Blood samples were collected from an antecubital vein 
before and after the WAnT procedure. The blood was 
deproteinized by the addition of ice cold 0.4 M perchloric 
acid. After being thoroughly mixed, the samples were 
centrifuged at 12,000g for 10 min. Blood lactate was 
determined using a standard Randox (UK) kit based 
on the lactate oxidase method (LC2389); assays were 
performed on a Cecil CE9200 spectrophotometer.

Statistical analyses were performed using Statistica 
9.0 for Windows. Data are expressed as mean values 
± SD. The difference between the mean values among 
groups was evaluated with analysis of variance (ANO-
VA), with use of F- test for post hoc comparisons. 
Pearson linear regression was calculated to evaluate 
correlations between the tested variables, including 
analysis of trend related to age. Statistical significance 
was set at p<0.05. 

Table 1. Characteristics of the female tennis players 

Variable G15
(n=6)

G16
(n=4)

G17
(n=7)

All
(n=17)

Height (cm) 164.0±6.3 169.2±2.4 170.4±4.4 167.9±5.4

Biological age of height (percentile) 54.6±31.3 73.2±6.3 77.2±23.5 68.3±25.1

Weight (kg) 52.8±6.8 59.2±9,6 62.0±5.3 58.0±7.7

Biological age of weight (percentile) 55.0 ±18.9 71.0±11.0 72.0±20.0 65.8±18.8

FFM (kg) 42.7 ±3.8 44.4±3.5 47.6±3.6 45.1±4.1

Fat % 18.3 ±2.8 23.8±8.4 22.7±3.2 21.0±5.0

Fat (kg) 10.0±2.9 14.6±6.7 14.1±2.9 12.8±4.3

BMI (kg/m2) 9.4±1.8 20.6±3.0 21.3±1.8 20.4±2.1
values are means ± SD, G15, G16, GT17 – each category of age; Fat = fat mass, 

FFM = free fat mass, BMI = body mass index
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Results and their discussion. Detailed anthropo-
metric characteristics is presented in Table 1. There 
were significant age-related trends in increase in 
height, body weight, FFT (free fat mass) as well as 
Fat% (Table 1). The difference between the age group 
G15 and G17 was: height: +6,4 cm (+3,9%), body 
weight +17,42%, FFM +11,48%, and Fat% 24,04%. 
Moreover, at mean age of 15 the physical stature of 
the group was close to age-matched standard, but 17-
agers tended to shift to the fourth quartile.

It is generally accepted that in the North and Central 
European female population, including Poland, height 
stabilizes at an average age of 15 years, although a 
relevant individual variability is observed [15]. Some 
girls continue to grow up regressively and reach 
maximal adult height at age of 17-18, but the maxi-
mal height is usually only 2-3 cm higher than at age 
of 15. Intensive athletic training and competition is 
related to increased metabolic demands, which in turn 
may affect temporary control of growth. The rate of 
individual growth is tightly linked to timing of sexual 
maturation. In Poland, girls usually begin menstruat-
ing at age 12-13. Just before the puberty, the height 
boosts markedly with the peak rate of body growth 
to occur at approximately 12.5 years [15]. Soon, one 
to two years later, body growth is compromised. In 
this context, the growth spurt observed in the 15- to 
17-year-old female tennis players was an unexpected 
finding. The literature concerning an influence of 
strenuous regular exercise on physical development 
and maturation is inconsistent: deleterious or salutary 
effect as well as lack of any evident effect have been 
reported [16]. Eisenmann and Malina [6] stated that 
intensive endurance training does not disrupt normal 
growth in children or adolescents nor influences maxi-
mal height attained, although the most recent surveys 
have indicated a boundary between tolerable and 
excessive levels of exertion especially when coupled 
with caloric limitation [7,18]. Low physical activity 
and high-fat diet has been documented to promote 
earlier pubescence and earlier termination of growth 
[13]. On the other hand, a delay in somatic growth 
and sexual maturation was well documented among 
certain groups of elite female athletes, most notably 
gymnasts, dancers, and long-distance runners [17]. 
A remarkable report was published by Claessens et 
al [4] who observed delayed maturation and growth. 
the median age at menarche was 15.6±2.1 yr among 
a group of gymnasts, compared to 13.2±1.2 yr in the 
control population. Erlandson et al. [7] argued that 
regular training did not affect final adult stature. The 

point is that regular strenuous training is likely inflict 
the timing of individual growth. Young gymnasts were 
reported significantly shorter than tennis players and 
swimmers at all chronological ages during adoles-
cence [7]. Most recent longitudinal study revealed 
[18] that extensive regular training especially com-
bined with inadequate nutrition caused a growth delay 
in elite young athletes, but this delay did not appear to 
affect permanent adult height. Here, comparison of the 
anthropological indexes of biological age: percentiles 
of body weight (+30,91% G17 vs. G15) and height 
(+41,39% G17 vs. G15) indicates high dynamics of 
somatic growth in the observed junior elite tennis 
players. Biological age expressed in percentile did not 
correspond to the tennis ranking and physical capac-
ity in the whole group. Adolescent teenagers often 
exhibit quite large deviations from the percentile lines 
depicted at early childhood. Most of such deviations 
depend on tempo of the pubertal growth spurt and is 
to occur much earlier than we found in this study. The 
possible explanation is that at younger age the overall 
training load was high enough to suppress a standard 
individual developmental pattern. Until reaching some 
age (in this study it seems to be at approximately 15 
years) or appropriate body weight, the rate of growth 
was likely reduced. Then, on average at age 15-16, the 
total exercise load was no longer strenuous enough to 
be suppressive. Catch-up growth, resembling our data, 
was reported in young gymnasts when their training 
was temporarily reduced or stopped [27]. 

Interesting finding is that as much as 76,5% partici-
pants were born in the first half of year. As shown in 
Tab.1 the partakers had a long training experience 
(from 7,4±0,8 yr in G15 group to 10.2±1.5 y in G17 
group). The majority started regular training at age 7 
to 8 within groups born at the same year. The 15-17 
years old partakers of this study, who became elite 
junior sportsmen with a prospective for professional 
career, had been initially a small proportion of chil-
dren attracted to tennis. From almost the very begin-
ning the training was competitive and selective. At a 
given year of birth, children born in the beginning of 
the year were bigger, stronger, and had better coor-
dination than those from late months. Since tennis is 
extensively demanding in terms of applied patterns of 
motion and physical capacity, the small age advantage 
gave a benefit and provided a better score at a game. 
The relatively younger ones could feel frustrated and 
gave up. The similar personal observations were also 
noted in other sport disciplines. The disparity in pro-
portion between those born in the first and the second 
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part of the year indirectly support the point that regular 
tennis training at the competitive level is at high risk 
for overuse and implicate impaired somatic growth 
and risk of injury . 

The average BMI was 20.4±2.1 kg (m2)-1 (Table 1). 
The observed trend for an increase in BMI with age 
was statistically insignificant. The percentage level 
of fat mass (Fat%) amounted to 21.0±5.0% among 
participants, while the average of the lean body mass 
(FFM) ranged between 40.9 kg and 49.1 kg (45.1±4.1 
kg). Both FFM and Fat% were significantly higher in 
group of 17-year old partakers compared to those of 15 
yr (Table 1; FFM 42.7±3.8 kg vs. 47.6±3.6 kg). High 
energy expenditure may not only modify the linear 
growth rate but also the relative proportions of fat-free 
and fat mass [25]. In this study, neither significant 
differences in the proportion between FFM and Fat%, 
nor an age-related trend was observed (2.33±0.32; 
1.87±0,39, 2,10±0,28 – in the groups of age 15, 16, 
and 17, respectively). It has been recently reviewed 
that regular tennis playing appear to have positive 
health benefits, including lower body fat percentages, 
favorable lipid profiles, enhanced aerobic fitness, and 
improved risk profile for cardiovascular morbidity 
[23]. Consistently, obtained value of BMI, FFM, Fat% 
were closer to the recommended standards. There was 
no significant correlation between the body composi-
tion and ranking position (r = 0.1985, body weight 
vs. ITFJC; r = 0.0929, height vs. ITFJC; r = 0,2093, 
BMI vs. IFTJC; r = 0.1882 FFM vs. ITFJC; r =0.1448, 

Fat% vs. ITFJC). The obtained data do not meet the 
previous report where significant differences in height 
and humeral and femoral breadths between the top 
twelve and the lower ranked girls were found [26]. In 
fact, the sample studied was somehow different form 
our group: the tennis players were younger, up to 16 
years old, and much more diversed – young tennis 
players representing 28 national teams from all over 
the world were enrolled. 

Estimation of maximal oxygen uptake (VO2max) is 
considered the optimal method to assess aerobic fit-
ness. Direct measurement of oxygen uptake requires 
oxygen spirometry while performing the maximal ef-
fort and difficult to employ during a regular training or 
a game. Such effort needs high motivation and predis-
poses to unwanted adverse effects related to overload 
and extreme stimulation of the adrenergic system. One 
of the most reliable and generally approved method 
of VO2max estimation, is an indirect test based on as-
sessment of maximal distance covered during 12-min 
run of a track (Cooper test). It is generally accepted 
that the distance assessed in the Cooper test strictly 
correlates to VO2max obtained in the direct laboratory 
measurements with use of the oxygen spirometry. In 
case of regular tennis players the correlation is even 
higher than in average population since they are well 
adapted and accustomed to running. The average dis-
tance covered in the Cooper test was 2635±168 m, what, 
after calculation, gave the oxygen uptake, VO2max, 
59,3±4,5 mL·kg-1·min-1 (Table 2).

Table 2. Aerobic capacity and training and ranking position

Variable G15
(n=6)

G16
(n=4)

G17
(n=7)

All
(n=17)

VO2max (mL· kg-1·min-1) 59.1±3.1 61.7±4.1 58.0±5.6 59.3±4.5

Amount of playing tennis (yr) 7.4±0.8 8.3±1.0 10.2±1.5 8.6±1.1

Training (hour/week) 20.4±1.4 19.0±1.5 23.4±2.2 20.9±1.7

NRP (range of group) 3-80 1-24 1-11 1-80

IRPJC (range of group) 245-990 21-713 53-800 21-990
values are means ± SD, G15, G16, GT17 – each category of age; NRP- national ranking position, 
IRPJC – international ranking position (ITF) Values are not different significantly between groups

The revealed aerobic capacity is excellent in terms 
of the population base grading of the test, where the 
highest grade is accounted for VO2max above 54 
mL·kg-1·min-1. The average VO2max is not only much 
higher than the gender and age-matched population 
standards, which are between 39 - 45 mL·kg-1·min-1, 

[14,30] but also are superior to the respective recom-
mendations of the International Tennis Federation for 
this age category and gender: 2560 m and 51,5 mL· 
kg-1·min-1. The specific VO2max is age dependent. In 
early childhood VO2max increases earlier in females 
but is of greater magnitude in males. Girls usually at-
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tain the peak VO2max at ages 11-13. Then, in contrary 
to boys, who maintain their peak for the next 5 -10 
years, VO2max tends to decrease progressively [10] 
that is linked to the accumulation of adolescent fat 
and low physical activity. The interesting finding in 
the present study is lack of significant differences in 
VO2max among the age-matched groups (59,1±3.1; 
61.7±4.1, and 58.0±5.6 mL· kg-1·min-1 ,G15, G16, G17 
groups, respectively), despite a significant increase in 
body weight and Fat% (Table 1). Such profile of VO2max 
is supposed to reflect the delayed growth spurt and may 
implicate delayed assessment of peak aerobic capacity. 
Prolonged longitudinal observation initiated before 
puberty are needed to confirm the hypothesis. 

The position in the ITFJC was related to VO2max, 
as shown by a significant negative correlation (r 
=-0,6822; p=0,0025). It should be emphasized that 
this is probably the first evidence of the relationship 
between aerobic capacity and sport success among 
the adolescent female elite tennis players. Two earlier 
reports, where congruent conclusion were drawn, 
referred to adult men [2], or young boys [24]. Our 
observation is intriguing since a dominant pattern 
of exercise during tennis game or match consists 
in series of short bouts with a high involvement 

of anaerobic metabolism. Compared to continuous 
running exercise at a similar oxygen output, tennis 
play was evidenced to highly involve glycolysis, 
glycogenolysis and phosphagen metabolism [9]. 
On the other hand, the aerobic metabolism rate is of 
crucial importance during the rest periods at a game 
for fast replenishment of the muscle phosphagen. 
Having diverse exertional intensities as tennis game 
does, efficient aerobic component enables players to 
maintain performance at effective level. 

Average values of the anaerobic capacity parameters 
obtained from Wingate test are shown in Table 3. The 
Maximal Power (W.kg-1) and related Work Output 
(J.kg-1) were relatively low, compared to the reference 
of trained athletes (Maximal Power below 10 W.kg-1, 
Work Output below 200 J.kg-1) [29] and corresponded 
to those obtained by the untrained. There were no 
significant differences in Maximal Power and Work 
Output among the age-matched groups. In the whole 
group, the Maximal Power and Work Output were 
proportional to the anthropological indexes: BMI 
(r=0.5190, p=0.0328; r = 0.7191, p = 0.0011; respec-
tively, n =17) and lean body mass (FFM; r = 0.4926, p 
= 0.0445; r = 0.5952, p = 0.0118; respectively, n =17), 
but not Fat% (r = 0.1546, and r = 0,3381, NS). 

Table 3. Indexes of Wingate anaerobic test

Variable G15
(n=6)

G16
(n=4)

G17
(n=7)

All
(n=17)

Max Power (W⋅kg-1) 9.2±0.9 9.0±1.0 9.4±0.4 9.3±0.8

Work output (J⋅kg-1) 122.0±13.5 119.0±14.8 125.5±5.8 122.7±10.9.

Time to max Power (s) 6.9±2.4 6.6±2.7 5.5±2.7 6.2±2.5

Time at max Power (s) 5.6±2.6 4.1±1.0 4.5±1.3 4.8±1.8

LArest (mmol⋅L-1) 0.8±0.3 1.0±0.1 0.9±0.1 0.9±0.2

LAdirectly after Wingate (mmol⋅L-1) 9.6±2.2 9.6±2.6 10.7±2.6 10.0±2.4
vlues are means ± SD, G15, G16, G17 – each category of age

Procedure of Wingate test was followed in full-
resistance conditions [32]. Consequently, the play-
ers reached the maximal power between 5th and 8th 
second and maintained it for the next 3-6 seconds. 
There were no significant differences in the time 
needed for assessment maximal power (Time to max 
Power) and duration of maintaining the peak power 
(Time at max Power) among the age-matched groups, 
although significant trend towards decreasing the both 
times with age were noted. Exclusively in G15 group 
Time to max Power was positively linked to BMI (r= 

0.8136, p = 0,0489 ), FFM (r = 0.8558, p=0.0297), and 
Fat% (r = 0.8207, p = 0.0453), whereas in the other 
groups there was irrelevant tendency toward a nega-
tive correlation. In each group Time at max Power 
was in somewhat inversely related to BMI, FFM, 
and Fat%, although the significant correlations were 
disclosed in the whole group for BMI (r = -0.6808, p 
= 0.026, and Fat% (r = -0,5517, p =0.0220), whereas 
in the particular age-matched groups the relevant 
correlations were observed in case of BMI in group 
G15 (r = -0.9706, p = 0.0013), and in case of Fat% in 
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group G17 (r = -0.8604, p = 0.0129). Neither between 
VO2max nor the international ranking position (ITFJC) 
and the indexes of Wingate test correlations were ob-
served, as confirmed by irrelevant significance (p>0.1) 
of the correlation coefficients in the whole group and 
in particular age groups. Regular endurance training is 
known to induce an in improvement of aerobic capac-
ity. Depending on the mode of training, its duration and 
employed motion patterns, intense aerobic exercise is 
likely to compromise the maximal speed, agility, and 
sometimes in anaerobic capacity. Tennis training and 
game consist of short bouts of repetitive intervals, with 
use of high proportion of anaerobic metabolism, includ-
ing high proportion of phosphagen utilization. Thus, 
the observed lack of correlation between anaerobic 
parameters obtained from Wingate test and VO2max is 
not surprising. On the other hand, adaptive responses to 
any training form in prepubertal children do not differ-
entiate specific pathway of energy metabolism, so that 
training results in either increase in aerobic capacity or 
in anaerobic fitness [22]. Consequently in boys and girls 
at age 7-12 maximal oxygen uptake is closely related 
to maximal power output [1]. This was evidently not 
the case in our study: high aerobic capacity was as-
sociated with low anaerobic indexes. As revealed by 
regression analysis the important factor was somatic 
development, especially related to muscles (FFM). 
The higher BMI, FFM, the higher maximal power 
was generated, the longer time was needed to assess 
to maximal power output. Blood lactic acid (LA) 
concentration was virtually at a basal level (0.8±0.3 
to 1.0±0.1 mmol·L-1) prior to Wingate test. Metabolic 
response determined with the LA measured after the 
test was prominent (Table 3), and averaged from 
9.6±2.2 to 10.7±2.6 mmol·L-1 in the particular age 
groups. The observed lactic response was lower than 
that reported in boys group [31] and corresponds to 
the conclusions of Jaworski [12], who reported lower 
maximal activities of glycolytic and glycogenolytic 
enzymes (glycogen phosphorylase, phosphofructoki-
nase PFK and lactate dehydrogenase) in females. 
Although, the LA-response did not correlate to the 
anthropological parameters, the time of maintenance 
of maximal work output (Time at max Power), which 
reflects anaerobic endurance, inversely correlated to 
BMI, and Fat%. Interestingly, the lean body mass 
(FFM) did not seem to be much involved. 

Concluding: The unexpected substantial body growth 
observed in the female group of the elite tennis players 
within the age range of 15 to 17 suggests a 2 -3 year 
delay of growth spurt. In terms of physical capacity, 

aerobic capacity seems to be crucial for the temporal 
sport success indexed by the tennis federations rank-
ing positions. The anaerobic indexes such as maximal 
power or maximal work output are apparently of mi-
nor importance. Anaerobic capacity of the elite female 
adolescent tennis players, which is highly involved in 
prolonged intermittent exercise of high intensity, is 
related to BMI and lean body mass. The appropriate 
control of the somatic stature is so prerequisite for the 
sport success and future outcome. 

Disclosure of funding. The study was supported by 
Polish Tennis Association.
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SUMMARY

BODY COMPOSITION AND PHYSICAL CA-
PACITY OF ELITE ADOLESCENT FEMALE 
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The study was performed to evaluate relationships 
among the major anthropological parameters: (body 
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mass - BM, height, body mass index - BMI, lean body 
mass - FFM, proportion of fat mass –Fat%), physical 
capacity, and the tennis federations ranking position as 
an index of the temporal sport success. Seventeen elite 
female tennis players, divided into three age-matched 
groups (15, 16, and 17 yr) participated in this study. 
All the players had a national singles ranking (posi-
tions between 1st-80th) and in International Tennis Fed-
eration’s Junior Circuit ranking (ITFJC; 21st to 990th 
position of ITF). Body composition was assessed via 
bioelectrical impedance. Maximal aerobic capacity 
(VO2max) was calculated from the distance covered 
in 12-min run test via Cooper’s formula. Wingate test 
with lactate assay was used as an index of anaerobic 
capacity. There was a significant age-related trend for 
an increase in BM, height, FFT, and Fat%, associated 
with impressive shift of the anthropological indexes 
of body weight and height, assessed by the percentile 
chart analysis. The unexpected body growth spurt evi-
dently observed between aged 15 and 17 is supposed 
to reflect a delay in somatic development, related to 

extensive exercise load. Body composition did not 
correlate to the ranking positions. All tested tennis 
players revealed excellent aerobic capacity associated 
with poor indices of anaerobic fitness. The position in 
the tennis federations rankings correlated to VO2max 
but not with maximal power or maximal work output 
assessed by Wingate test. In the whole group the 
maximal power and work output were proportional 
to BMI and FFM, but not to Fat%. In conclusion, in 
light of the contradictory reports concerning a possible 
link between strenuous regular exercise performed by 
young children and adolescent elite sportsmen our 
data indicate a delayed growth spurt in the elite female 
tennis players to occur between ages 15 and 17. The 
other important finding in terms of prospective for 
future professional career is the evident link between 
aerobic capacity and ranking positions. 

Key words: aerobic capacity, anaerobic capacity, ten-
nis ranking, female, adolescence, Wingate test, BMI, 
lean body mass, somatic growth. 
BMI in control and training group subРЕЗЮМЕ

СОСТАВ ТЕЛА И ФИЗИЧЕСКИЕ ВОЗМОЖНОСТИ 
ЭЛИТНЫХ ТЕННИСИСТОК ПОДРОСТКОВОГО ВОЗРАСТА

1Ева Циманн, 2Евелина Следзиевска, 2Томаш Грживач, 3Энн Л. Гибсон, 1,4Томаш Г. Виерзба
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Альбукерке, США; 4Гданьский медицинский университет, отдел физиологии, Польша

Целью исследования явилось определение взаимо-
связи основных антропологических параметров 
(масса тела - МТ, высота, индекс массы тела - 
ИМТ, худоба, дефицит массы тела - ДМТ, удель-
ный вес жира в массе тела - Fat%) с физическими 
возможностями и рейтингом по данным теннис-
ных федераций (в качестве индекса временного 
спортивного успеха). В исследовании участвовали 
семнадцать элитных теннисисток, которые были 
подразделены на три возрастные группы (15, 16, 
и 17 лет). Национальный рейтинг - 1-80, рейтинг 
согласно Международной теннисной федерации 
- 21-990. Состав тела оценивался посредством 
биоэлектрического импеданса. Максимальная 
аэробная способность (VO2max) вычислялась по 
расстоянию, покрытому бегом за 12 минут, по фор-
муле Cooper. Тест Wingate с определением лактата 
использовался как индекс анаэробной способно-

сти. Выявлена тенденция увеличения МТ, высоты, 
ДМТ, и Fat% с возрастом, что было связано со 
значительным изменением антропологических 
индексов массы тела и высоты, определяемых 
перцентильными таблицами. Неожиданный спурт 
роста, обнаруженный в возрасте между 15 и 17 
годами, видимо, отражает предыдущую задержку 
соматического развития, связанную с тяжелой фи-
зической нагрузкой. Состав тела не коррелировал 
с рейтингом. Все теннисистки показали превос-
ходные аэробные возможности, а анаэробные 
индексы были низкие. Рейтинги коррелировали 
с VO2max, однако не с максимальной мощью или 
максимальной продукцией работы, оцененной 
тестом Wingate. Максимальная мощь и продукция 
работы были пропорциональны ИМТ и ДМТ, но не 
Fat%. В свете противоречащих сообщений следует 
отметить, что наши данные указывают отсрочен-
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ный спурт роста у элитных теннисисток в возрас-
те между 15 и 17 годами. Еще одним значимым 
выводом является обнаружение очевидной связи 
между аэробными возможностями и рейтингом, 
что, безусловно, имеет значение для прогнозиро-
вания потенциальных спортивных успехов. 

reziume

sxeulis Semadgenloba da fizikuri 
SesaZleblobebi elitarul mozard Cog-
burTel gogonebSi

1eva ciemani, 2evelina sledzievska, 
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h. vierzba
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kuri ganaTlebisa da sportis akademia, 
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janmrTelobis, varjiSisa da sportuli 
mecnierebis departamenti, albukerke, aSS; 
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ziologiis departamenti, poloneTi

kvlevis mizans warmoadgenda ZiriTad 
anTropologiur parametrebsa (sxeulis 
masa - sm, simaRle, sxeulis masis indeqsi 
– smi, sigamxdre, sxeulis masis deficiti - 
smd, sxeulis masaSi cximis wili - Fat%), 
fizikur SesaZleblobebsa da CogburTis 
federaciis reitingul pozicias (rogorc 
droebiTi sportuli warmatebis indeqsis) 
Soris urTierTdamokidebulebis dadgena. 
kvlevaSi CarTuli iyo 17 warmatebuli 
CogburTeli gogona, romlebic ganawilebu-
li iyvnen sam asakobriv jgufSi (15, 16 da 
17  weli). yvela CogburTels miniWebuli 
hqonda erovnuli reitingi (pozicia 1-sa 
da 80-s Soris) da saerTaSoriso Cogbur-
Tis federaciis mier miniWebuli reitingi 
iuniorTa Soris (pozicia 21-sa da 990-s 

Soris). sxeulis Semadgenloba Sefasda 
bioeleqtruli impedansis meSveobiT; maqsi-
maluri aerobikuli SesaZlebloba (unari 
- VO2max) - 12 wT-Si garbeniT dafaruli 
distanciis testiT, risi gamoTvlac xde-
boda Cooper-is formuliT. 

Wingate-s testi laqtatis analizTan er-
Tad gamoyenebuli iyo, rogorc anaero-
buli SesaZleblobis indeqsi. dadgenili 
iqna sm-is, simaRlis, smd-is, cximis xvedri-
Ti wonis asakTan dakavSirebuli matebis 
tendencia, romelic asocirebuli iyo 
sxeulis masisa da simaRlis anTropolo-
giuri indeqsis gamoxatul cvlilebebTan 
(Sefasebuli percentuli cxrilebiTa 
da sqemebiT). sxeulis simaRleSi zrdis 
swrafi mateba SeiniSneboda 15 da 17  
wels Soris asaqSi, rac savaraudoa,  rom 
ganpirobebuli iyo manamde arsebuli 
somaturi ganviTarebis SeferxebiT da 
dakavSirebuli iyo mniSvnelovan fizikur 
datvirTvasTan varjiSis dros. sxeu-
lis Semadgenlobis maCveneblebi ar iyo 
korelaciaSi reitingul poziciasTan.
yvela sportsmenma gamoavlina saukeTeso 
aerobuli SesaZleblobebi, asocirebuli 
dabal anaerobul maCveneblebTan. rei-
tinguli pozicia korelaciur kavSirSi 
iyo VO2max, gansxvavebiT Wingate-s testiT 
Sefasebul maqsimalur simZlavresa da 
muSaobasTan. yvela jgufSi maqsimaluri 
simZlavrisa da muSaobis maCveneblebi 
proporciuli iyo smi da smd, magram ara 
sxeulis masaSi cximis wilis. urTi-
erTgamomricxavi Sromebis gaTvalis-
winebiT Cveni monacemebi miuTiTebs 
zrdis dagvianebul spurtze 15 da 17  
wels Soris CogburTel gogonebSi. 
Semdgomi perspeqtiuli profesiuli 
karieris winaswar gansazRvrisaTvis 
metad mniSvnelovan Sedegs warmoad-
gens aerobikul SesaZleblobebsa da 
reitingul pozicias Soris sarwmuno 
kavSiris aRmoCena.
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The diving reflex is a cardiorespiratory response rou-
tinely used by marine mammals for diving in water. 
Evidence from 3000-year-old Assyrian drawings 
have shown that men have practiced diving from im-
memorial time. The ancient divers would hold breath 
and dive underwater to collect pearls or catch fish. At 
modern times, one of the first freediving competitions 
was held in 1911 when a Greek fisherman, Yorgos 
Haggi Statti, dived more than 77 meters. Actually, 
the deapest oficially recorded free diving attempt 
was more than 200 meters and the longest duration 
of static, breathless apnea was 11:35 min. The diving 
response consist of bradycardia, peripheral vasocon-
striction with a prefential redistribution of blood to 
vital organs: brain and heart, and is triggered by an 
activation of the peripheral chemoreflex in condi-
tions of hold breathing [8,12]. The neural mecha-
nism of the response is somehow paradoxical with 
a simultaneous increase in the both sympathetic 
and parasympathetic components of the autonomic 
cardiovascular drive. Bradycardia is mediated by 
vagal activation while peripheral vasoconstriction 
that increases blood pressure and shunts blood from 
the extremities to the body’s core is evoked by acti-
vation sympathetic fibers. The evoked bradycardia 
and blood shift are potentiated by cooling of the 
face, in particular the vestibule of the nose, which 
is to activate the nerve endings and receptors of the 
trigeminal nerve [8]. 

The adaptive benefit of the response is believed to 
improve survival in near-drowning [13] and more 
commonly in nonspecific hypoxic conditions [8]. It 
has been generally accepted that the vagally mediated 
complex response: bradycardia, apnea, and selective 
vasoconstriction, provides protection against drown-
ing for babies during underwater birth [21]. Cooling 
face and/or breath-holding maneuvers used to be rec-
ommended to terminate paroxysmal junctional tachy-
cardias [18]. Reproducibility of the cardioinibitory 
effect of the human diving response allows to employ 
diving and cooling procedures in laboratory exercises 
in high school and university courses [11].

On the other hand, vagal inhibition of the cardiac pace-
maker and the heart conduction system combined with 
accentuated sympathetic drive to the heart ventricles 
is of high potency to induce cardiac arrhythmias. The 
diving reflex is frequently considered as a pathogenic 
factor of sudden infant death syndrome (SIDS). It has 
been reported that rapid cooling face with cold water 
or plunging into cold water can provoke severe cardiac 
deceleration with involvement of central vagal nuclei 
[17]. The momentary difficulties or even inability 
to breathe while unexpectedly experiencing a very 
cold wind blowing onto face on a winter day is one 
manifestation of the apnea reflex resembling diving 
response. Adults with cardiac insufficiency or babies 
in this situation can be at particular risk because of 
serious cardiac deceleration to happen more likely. 
There has been considerably increasing interest in ac-
cidents related to cold-water immersion and drawn-
ing since related fatal incidents are among the major 
causes of sudden death of both children and adults 
in regions located at the seaside. For all causes of 
death in teenagers in USA, the water-related inci-
dents are exceeded only by motor vehicle accidents 
and cancer. Severe drawning or near-drawning ac-
cidents were reported to take place mostly in young 
men in a prevalent age group between 16 and 20 years. 
Most of victims were reportedly to be good swimmers 
or divers and 50% accidents occurred in swimming 
pools. A variety of breathhold games and diving com-
petitions, quests for greater depths and longer lasting 
apneas, training procedures aimed to increase oxygen 
reserve, have recently evolved, bringing the partici-
pants at increased high of life-threatening events. The 
extent of evoked arrhythmias is difficult to predict 
due to high interindividual variability. The diving 
response is age- and experience dependent, and 
is highly pronounced in children 4 -12 month of 
age, when it have survival value during hypoxic 
episodes proximal to birth [7,23]. The heart rate 
response weakens with advancing age and is more 
marked among habitual breath-hold divers than 
nondivers [23]. Less is known about the cardiac 
response to diving in teenagers who are mostly 
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prone to unexpected diving experiments and related 
complications.

The study was performed to the investigate the heart 
rate response to controlled breath-hold diving in cold 
water in young healthy late adolescents.

Material and methods. Twenty healthy male vol-
unteers, physiotherapy students were studied. Age 
(18,9±0,9 yr), weight (72.0±10,5 kg), and height 
(177.0±6,1 cm) ranged 17.5-20.4 yr, 59.0-94.0 kg, 
and 165-188 cm, respectively. All subjects declared 
to carry on regular physical activity lasting at least 
2 hr daily, six of them played regularly football at a 
level of amateur competition, but all had no previous 
experience with professional sport, prolonged diving 
or breath holding. The experimental protocol was 
conducted in conformity with the principles of the 
Declaration of Helsinki and was based on a labora-
tory teaching experiments performed at the Medical 
University of Gdansk for more than 40 years. All 
subjects signed their informed consent after receiving 
a detailed description of the procedure, including a 
description of potential risks. T

All tests were conducted at room temperature 22-
25°C. The subjects was leaning over the lab bench 
with elbows resting on the lab bench and the head 
down. ECG electrodes were first placed on a both 
arms and ankles to assess the classical ECG leads 
and were connected to a conventional 3-channel 
ECG recorder (Aspel, Poland). After 5 min rest, ECG 
signal was recorded at 50 mm/s speed. Thereafter 
each subject was instructed how to perform the ex-
periment. Cold tap water (8-10°C) was poured into 
a plastic container positioned against the subject. To 
examine the effect of breath-holding diving apnea on 
heart rate (HR), the subject was asked to hold breath, 
immerse his face into water and to persist in such 
position as long as possible. ECG was continuously 
recorded prior to and during water immersion. ECG 
recordings were enlarged for possibly accurate assess-
ment of RR intervals to obtain beat-by-beat HR and 
also for identification of P waves and PR intervals. 
Time series of beat-to-beat HR calculated from RR 
intervals were analyzed with use GraphPad Prism 
software (GraphPad Software, Inc., Tulsa, USA) 
for curve fitting. A decreasing function with a single 
phase exponential or two-phase exponential decay 
curve were computed. The quality of curve fitting was 
judged by calculating the coefficient of determination 

(r2). Fitting the curves started from the maximum HR 
(HRmax) and ended with points at which HR stabilizes 
(HRstab). In some cases lower HR values exceeding 
the general HR trend were eventually noted (HRmin) 
during the apnea recording. For the monoexponential 
decay the equation: Y =Span•exp(-τ•X) + Plateau was 
employed, that starts at Span+Plateau (HRmax-HRstab) 
and decays to plateau (HRstab) with a rate constant τ. 
Whenever r2 calculated form the monoexponential 
decay curve was lower by more than 0,05 from the 
plot of the two-phase curve the latter was considered 
appropriate. For the two phase HR decline the equa-
tion Y=Span1•exp(-τ•X) + Span2• exp(-τ2•X) + Pla-
teau, that starts at Span1+Span2+Plateau and decays 
to Plateau with rate constantsτ1 and τ2. 

All values are expressed as mean ± SD. For compari-
sons between two groups representing the monoex-
ponential HR decline at τ and also the two-phase HR 
decay curves at τ1 andτ2 Student t test was employed. 
Relationships between pairs of variables were tested 
with Pearson linear regression method. P < 0.05 was 
considered significant. 

Results and their discussion. All subjects but one 
completed the protocol. In one case the experiment 
was rapidly terminated by the laboratory staff in 40.4 
s of diving when a pair of heterogenous ventricular 
extrasystolic beats were observed, so that values of 
HRstab, diving time (tD), t HRstab were not assessed in 
this case for further analysis. Mean values of the ma-
jor variables are shown in Table. Average diving time 
(tD) was 77.5 ± 10.5 s, ranging from 61.7 to 95.4 s. For 
majority of untrained people holding breath for several 
seconds is easy, although prolonged apnea, lasting more 
than 1 min usually makes problem. The time score in this 
study correspond to average oxygen reserve remained 
in lungs for some time during apnea and its pool in red 
blood cell hemoglobin and muscle mioglobin.

Bradycardia occurred for every subject. In some 
earlier reports diving not always induced a reliable 
heart rate reduction [11]. Heek et al. observed that in 
only about 66% volunteers HR was reduced after sub-
mersion [10]. Diving induced bradycardia is in most 
literature data a regular reflex response to decrease 
pulse rate in a normal individual by 10 to 30 percent 
and sometimes by more than 50 percent in profession-
ally trained free divers [26]. Here, the average HR 
reduction from the basal level (HR0) was 35.6±12.6%, 
ranging from 10.7 to 54.6%. Relatively big response 
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observed in the present study may be related to a 
relevant temperature contrast during immersion. 
Cool water is known to promote the cardiodepressive 
reaction, which is highly dependent on stimulation 
of superficially located nerve endings of ethmoidal 
branches of the trigeminal nerve [22]. Tremendous 
asymptomatic bradycardia (temporarily below 6 
beats/min) induced by apnea with cold-water face 
immersion has been previously documented [14]. 
Quite long duration of the voluntary apnea seems 
to play a minor role as heart rate stabilized (tHRstab) 
almost 23 s prior to termination of an average water 

immersion (Table). Maximal bradycardic response 
was reported to occur before 40 s of breath-hold 
apnea in both adults and 11-14 yr old children 
[9,20]. Highly pronounced diving reflex which is 
to slow temporary metabolic demands, and pref-
erentially provides brain with blood supply, often 
explains why children who have been submerged 
in cold water long periods of time have survived. 
In general, such adaptation has not been attributed 
to late adolescents but it may also be protective in 
some significant extent to lengthen the time before 
the onset of serious hypoxic damage. 

Table. Characteristics of the basal variables related to the immersion apnea test

Variable All
N=20

Group I
N = 8

Group II
N = 12

P
I vs. II

BMI (kg/m2) 22.8±2.9
(18.8-28.4)

23.5±3.0
(18.8-27.8)

22.3±2.8
(18.3-28.4) NS

HR0 [min-1] 74.7±5.3
(66.4-85.9)

77.5±4.8
(71.5-85.9)

72.8±4.9
(66.4-81.0) 0.045

HRini [min-1] 92.2±15.0
(73.9-125.0)

96.9±15.5
(79.0-125.0)

89.0±14.6
(73.9-117.7) NS

Diving time (tD) [s] 78.0±10.5
(61.7-95.4)

76.6±11.1
(61.7-93.0)

78.8±10.6
(62.7-95.4) NS

HRmax incr [min-1] 107.8±18.0
(83.6-150.7)

107.5±20.1
(83.6-150.7)

108.1±17.5
(84.3-140.5) NS

∆ (HRmax incr – HR0) [min-1] 33.2±16.8
(10.0-68.8)

29.9±18.8
(10.8-68.8)

35.3±15.9
(10.0-59.8) NS

time HR0 (tHR0) [s] 15.5±10.3
(0.0-43.4)

20.7±14.3
(0.0-43.4)

12.1±4.5
(4.9-17.8)

NS
0.0636

HRstab [min-1] 47.7±9.0
(36.3-65.0)

50.6±10.3
(39.0-65.0)

45.9±8.1
(36.3-57.8) NS

∆ (HRstab – HR0) [min-1] 22.2±21.4
(-5.0-82.0)

30.5±25.2
(-5.0-82.0)

16.7±17.5
(0.1-48.9) NS

time HRstab (tHRstab) [s] 55.2±16.1
(19.5-77.8)

53.8±14.4
(36.7-77.8)

56.0±17.6
(19.5-77.8) NS

τ [s-1] 22.5±10.3
(12.5-45.2)

31.3±11.4
(15.3-45.2)

16.6±2.8*
(12.5-20.1) 0.00043

τ1 [s-1] 10.3±4.2
(4.6-20.3)

τ2 [s-1] 25.5±10.1
(11.3-42.5)

Abbreviations: HR0 – basal heart rate; HRini – HR at the onset of immersion; Diving time – the overall time 
of breath-hold immersion; HR max incr - maximal HR at the onset of immersion; tHR0 – time from the onset 

of immersion to assessement of HR0 after the initial increase in HR; HRstab – stabilized HR value reflecting 
maximal bardycardic response; tHRstab – time from the onset of immersion to the final HR stabilization during 

the apnea; τ1, τ2 - constant rates of HR of the two-phase exponential HR decrease. 
 *In group II the two-phase exponential decay curve is best estimation of the function of HR decrease, al-
though the coefficients of determination r2 > 0.7 for the monoexponential function was also significant and 

so τ from such model was used for the comparison
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The onset and time course of bradycardia is influenced 
by many factors such as water temperature, lung vol-
ume, physical conditioning, preceded hyperventila-
tion, body movements and body position in the water 
and psychological status.

The mean onset latency (tHR0), assessed by time from 
the onset of immersion to the beginning of HR reduc-
tion (HR0; Table) was 15.5±10.3 s (range 0-43.4s), 
whereas the maximal bradycardia (tHRstab) was seen at 
55.2±16.1 s, ranging from 19.5 to 77.8 s. The latter 
was evidently longer from the average 34.7 s respons-
es described originally by Guyton in older individuals 
[9]. The duration of latency depends on a reference 
baseline HR value. In this study an average HR re-
corded at least 5 min prior to the apnea, in a possible 
non-embarassing conditions was taken as reference. 
The point is that majority of volunteers exhibited a 
gradual increase in HR while being instructed about 
the diving procedure just before its beginning, so that 
there was no reliable reference values at the onset of 
apnea. Pre-immersion or pre-breath-holding increase 
in HR has been already described in adults [15,26]. 
Anticipating the dive is supposed to transiently facili-
tate the sympathetic drive to increase HR. Such early 
HR acceleration have also been reported for diving 
mammals [3]. 

In most subjects the pre-immersion increase in HR 
kept increasing within the first seconds of immersion 
to reach in 3.2±3.0 s (range 0-9.2 s) the maximal HR 
(HRmax) 33.2±16.8 min-1 higher from HR0 (Table). 
The observed initial increase in HR (up to 108.1±7.5 
min-1) means average 44.5±21.8% gain from HR0. 
The response was twice as big as those reported in 
the previously trained 11-14 year-old group, and even 
much more higher than in adults [27]. The observed 
agitation would rather be expected in younger naive 
individuals in whom fear and facial stimulation with 
cool water might extensively stimulate an initial 
transient tachycardia [20,5]. HRmax and latency (tHR0) 
determined the bradycardic response as shown by 
significant inverse correlation with maximal decrease 
of HR (r=-0 .6575; P=0.02 and r=-0.5807; P=0.048, 
respectively). This finding is compatible with the 
assumption that the higher metabolic rate, the faster 
hypoxia develops to evoke more pronounced reflex 
cardioinhibitory response. It has been suggested that 
any excitation wherever comes from: emotions, exer-
cise, etc., resulting in vagal inhibition and a increase 
of sympathetic outflow, facilitates faster and marked 
development of bradycardia [3,6,14,23]. More pro-

nounce diving response has been evidenced during 
exercise than during rest [26,28]. Vagal inhibition 
of atrioventricular conduction combined with sym-
pathetically induced enhancement of automaticity in 
other secondary latent pacemakers would highly in-
crease risk for ectopic beats when apnea was preceded 
by exercise [25]. Consistently, the remarkable sudden 
drop in HR from more than 100 to about 40 beats/min 
associated with the occurrence of potentially danger-
ous pair of heterogenic ventricular ectopic beats was 
observed in one of our subjects (Fig. 2; #17) who 
exhibited the highest increase in HR at the onset of 
the water immersion and whose diving attempt was 
terminated at the moment. 

A trend of HR changes prior to and during water im-
mersion is depicted in Fig.1. 

Fig. 1. Averaged time course of beat-to-beat heart rate 
before and during the apneic water immersion green 
dot and the respective dashed line – represent mean ± 
SD of the basal HR (HR0) at least 5 min before diving, 
black dots are averaged values of HR at given time; 
grey line represents an averaged trend of HR before 
and during the immersion. 
τ - constant rate of HR decrease described by the 
monoexponential function; tD - time of immersion, 
tHRstab – time from the onset of immersion to the final 
HR stabilization during the apnea

The impressive increase in HR at the onset of the 
apnea was turned to the bradycardic response to reach 
a lower HR limit in 55.2 ± 16.1 s of the immersion. 
The averaged curve of HR decline well fit to mono-
exponential decay with a rate constant τ 22.5 ± 10.3 
s-1. The kinetics of the response was somehow slower 
from the averaged bradycardic response calculated in 
the most recent metanalysis, included 205 subjects, 
in the age range 19 -25, who performed trials under 
apnea and face immersion conditions, where HR mo-
noexponentially decreased with τ =10.4 s-1 [4].
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Fig. 2. Selection of the individual time courses of beat-to-beat heart rate before and during the apneic water 
immersion, where the bradycardic response is a monoexponential function green dots and the respective 

dashed line – represent mean ± SD of the basal HR (HR0) at least 5 min before diving, black dots 
are averaged values of HR at given time; grey line represents an averaged trend of HR before and during 

the immersion.  τ - constant rate of HR decrease described by the monoexponential function. 
Blue dots represent sinus rhythm, whereas red dots represent extrasystolic beats or junctional rhythm
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Fig. 3. Selection of the individual time courses of beat-to-beat heart rate before and during 
the apneic water immersion, where the bradycardic response is the two-phase exponential function 

with two rate constants τ1 and τ2.green dots and the respective dashed line – represent mean ± SD of the 
basal HR (HR0) at least 5 min before diving, black dots are averaged values of HR at given time; 

grey line represents an averaged trend of HR before and during the immersion. Blue dots represent sinus 
rhythm, whereas red dots represent extrasystolic beats or junctional rhythm

The point is that the diving response is highly vari-
able among humans [1]. Baranova et al. have un-
derlined interindividual differences and classified 
cardiovascular responses to diving into four subsets: 
over-reactive, reactive, nonreactive, paradoxical [2]. 
A high quantative differences were also noted in 
this study as shown by relatively high range of the 
obtained variables (Table), such as: HR at the onset 
of apnea (HRini), maximal HR increase at the onset 

of immersion (HRmax incr – HR0), time from the onset 
of apnea to assessment of HR0 after the initial HR 
increase (tHR0), time of HR stabilization at a lower 
limit (tHRstab). The individual HR responses are shown 
in Figs 2 and 3. 

In 15 (75%) subjects the negative chronotropic effect 
was not immediate. The rapid onset of the cardioin-
hibitory response exhibited subjects #1, #6, #7 (Fig. 2) 
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and also #16 and #20 (Fig.3). For majority of subjects, 
the response needed some latency to take place. In 
12 volunteers (60%), the time course of HR decline 
was more complex than the fitted monoexponential 
equation; curve the coefficient of determination r2 

calculated from the monoexponetial equation was 
significantly lower from that assessed by function of 
two phase exponential decay (Fig. 2; group II, subjects 
#1 - #12). The obtained data are inconsistent with the 
averaged data from the recent metaanalysis published 
by Caspers et al [4], although 8 volunteers (Fig. 3; 
group I, subjects #13 -20) exhibited the curve of de-
crease in HR fitted to the monoexponential function, 
which corresponds to those described in the above 
metanalysis. The problem in curve fitting is defin-
ing limits of the response for the given curve, and 
in particular inclusion or exclusion of the time delay 
from the onset of apnea to the beginning of systematic 
decrease in HR. In this study, the latency was taken 
into account for fitting the individual’s curve. This 
was not the case when all data were summarized 
(Fig. 1) where the monoexponential curve fitting is 
apparently appropriate. Two phases of the negative 
chronotropic response has been already identified by 
Paulev et al. [19]. The initial fast parasympathetic 
response was reported to depend on the input from the 
high pressure baroreceptors, whereas the sympathetic 
efferent activity was inflicted in the second phase of 
HR reduction of lower dynamics. As shown in Table, 
in Group I (monoexponential HR decay) basal HR 
(HR0) was higher with a tendency towards longer time 
of the initial HR increase (tHR0), and lower dynamics 
of the bradycardic response. The latter comparison 
was based upon the rate constant τ calculated for a 
monoexponential function. Although such a way of 
curve fitting was not the best assessment of the HR 
decrease in Group II, the coefficients of determina-
tion r2 calculated from the monoexponential decay 
model were higher than 0.7 in all subjects of Group 
II, so it should not be neglected, taking into account 
significance level P<0.001 (Table) for the differences 
between the both groups. The exponential HR decay 
in group II was more consistent than displayed in 
Group I. In group II only subject #9 , and in lesser 
extent subjects #12 and # 14 exhibited remarkable 
fluctuations of HR at the early phase of the HR de-
crease, whereas a wave form of a time course of the 
bradycardic response was evident at early its stage in 
subjects #3, #4,# 8, and in particular in #2 of Group I 
(Fig. 3). Moreover, all individuals of Group I, except 
#6, exhibited pronounced fluctuations of HR in the 

late stage of the applied immersion apnea. Hypotheti-
cally, the slower (Table), one-phase kinetics of the HR 
decrease induced by water immersion, that according 
to Paulev et al. [19] would be attributed to a lower 
inputs from high pressure baroreceptors, may result 
in more unstable HR cardioinhibitory response. 

A common feature of a human diving response is the 
combination of bradycardia with occurrence of ecto-
pic beats, disturbances of atrioventricular (AV) con-
duction, and arrhythmias. The both groups revealed 
similar occurrence of heart rhythm abnormalities. 
A few episodes of supraventricular premature beats 
were recorded in 8 subjects (40%), while ventricular 
ectopic beats (VEB) were found in 4 (20%) during 
the decrease in HR, especially at the late phase of the 
apnea. In one subject (17#, Fig. 3) the apneic trial was 
terminated immediately after the occurrence of pair of 
heterogenic VEBs. Transient episodes of AV blocks 
of the first-degree (with PR interval up to 310 ms) 
occurred in 6 volunteers (30%). Three of them dis-
played also the Mobitz I second-degree AV block 
characterized by a progressive prolongation of the 
PR interval, that eventually turned to a regular 
junctional rhythm. In 12 subjects sinus rhythm was 
interfered with an escape junctional rhythm (red 
dots in Figures 2 and 3). The average onset of the 
junctional rhythm was at HR 42.8±4.1 beats/min, in 
43.5±13.1 s of the apnea. RR intervals longer than 
2 s: 2.36 s and 2.76 s were recorded incidentally 
in two subjects. Vagal inhibition of atrioventricular 
conduction coincided with sympathetically induced 
enhancement of automaticity in the ventricular la-
tent pacemakers is of increased risk for trigerring 
critical cardiac events. Cardiac rhythm disturbances 
were first recorded in pearl divers by Scholander et 
al. in 1962 [24] and seem to be more prevalent in 
dives in cool water [6]. Some of the reported fatal cas-
es were undoubtedly of cardiac origin, which, when 
due to arrhythmia, were unexplainable from autopsy 
findings and therefore were recorded as “drowning”. 
Risks connected with breath-hold diving is not easy 
to estimate due to great individual variability and de-
pendence of current disposition and diving conditions 
[14]. The relevant heart rate response variability was 
confirmed in the present study in which one subject 
untimely terminated the protocol. Cardiac arrhythmias 
were previously reported to occur immediately after 
cold water immersion [16], but in the present study 
this was not observed at the early phase of the apnea, 
but later, after 30 s of the trial. 



	
Georgian Medical News  
No 7-8 (196-197) 2011

© GMN 35 

In conclusion, young healthy volunteers, between 
age 17.5 and 20.4, not accustomed to diving, nor 
involved in regular training, exhibited an impressive 
diving response characterized by non-uniform pat-
tern of the HR decrease and a high interindividual 
variability. The increase in HR was followed by its 
gradual decrease to a final limit of the response. The 
evoked bradycardia and the dynamics of its develop-
ment was related to the initial, anticipatory excitation. 
Disturbances of heart rhythm were observed, in one 
case the recorded pair of ventricular ectopic beats 
looked severe. The unquestionable potency of late 
adolescents towards diving challenges, accompanied 
with a vigorous emotionally driven initial cardioex-
citation, and a relevant vulnerability for arrhythmias, 
should imply some educative and safety measures to 
prevent from fatal outcomes. 

Disclosure of funding: The study was in part sup-
ported by grant ST-36 of the Medical University of 
Gdansk. 
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SUMMARY

VARIABLE PROFILE OF INDIVIDUAL HEART 
RATE RESPONSES TO COLD WATER IMMER-
SION APNEA IN HEALTHY LATE ADOLES-
CENT MEN

1,2Tomasz H. Wierzba, 2Paweł Musiał, 
2Hanna Ćwikałowska

1Warsaw School of Social Sciences and Humanities, 
Department of Physiotherapy, Sopot, Poland; 2Medical 
University of Gdansk, Department of Physiology, Poland

Holding breath combined with immersion of face in 
cool water induces diving reflex consisting in brady-
cardia, peripheral vasoconstriction, and preferential 
redistribution of blood to the vital organs. The individ-
ual responses are variable, highly expressed in young 
children to weaken with age. Detailed assessment of 
the cardiac response to diving in late adolescents who 
are mostly prone to unexpected diving experiments 
and related complications are of practical importance. 
The study was performed to the investigate the heart 
rate (HR) response to controlled breath-hold diving 
in cold water in young healthy late adolescents aged 
17.5 - 20.4. Twenty volunteers performed a procedure 
consisting in immersion of face in cold water during 
possibly long breath-holding. Beat-to-beat HR was 
assessed from the continuous ECG recording. Average 
diving time (tD) was 77.5±10.5 s, ranging from 61.7 
to 95.4 s. Apnea and face immersion induced a bipha-
sic response: an increase in HR was followed by its 

gradual decrease to reach a final limit of the response 
47.7±9.0 beats/min at 55.2±16.1 s of dive. Within a 
variable time course of the evoked responses, two 
patterns of the HR decrease were distinguished: mo-
noexponential decay functions fitted best for 8 (40%) 
subjects with a constant rate τ 31.3±11.4 s-1, whereas 
the 60% majority displayed a two phase negative 
chronotropic effect with constant rates: τ1 10.3±4.2 s-1 
and τ1 25.5±10.1 s-1. The initial, anticipatory excitation 
influenced the HR response: the higher was the initial 
HR increase, the more pronounced was bradycardia. 
Disturbances of heart rhythm were observed in major-
ity of subjects: supraventricular ectopic beats (40%), 
ventricular beats (20%), I-degree AV block (30%), 
II-degree Mobitz I block (15%), junctional rhythm 
(60%). In one case pair of ventricular ectopic beats 
looked severe and the trial was rapidly terminated. In 
conclusion, the unquestionable potency of late adoles-
cents towards diving challenges, accompanied with a 
vigorous emotionally driven initial cardioexcitation 
meets a relevant vulnerability for arrhythmias. 

Key words: diving response, bradycardia, water im-
mersion, arrhythmia, adolescence

РЕЗЮМЕ

ВАРИАБЕЛЬНЫЙ ПРОФИЛЬ ИНДИВИДУ-
АЛЬНЫХ ИЗМЕНЕНИЙ СЕРДЕЧНОГО РИТ-
МА ПРИ АПНОЭ, ВЫЗВАННОМ ПОГРУЖЕ-
НИЕМ В ХОЛОДНУЮ ВОДУ, У ЗДОРОВЫХ 
ЮНОШЕЙ СТАРШЕГО ВОЗРАСТА

1,2Томаш Х. Виржба, 2Павел Мусял, 
2Ханна Свикаловска

1Варшавская школа социальных и гуманитар-
ных наук, департамент физиотерапии, Сопот, 
Польша; 2Гданьский медицинский университет, 
департамент физиологии, Польша

Задерживание дыхания при одновременном 
погружении лица в холодную воду вызывает 
рефлекс ныряния, вследствие чего возникает 
брадикардия, периферическая вазоконстрикция с 
преимущественным перераспределением крови 
к жизненно важным органам. Индивидуальные 
изменения различны, более сильно выражены у 
маленьких детей и ослабевают с возрастом. Край-
не важно детально оценить сердечные изменения 
при нырянии у подростков старшего возраста, 
склонных к неожиданным экспериментам с ны-
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рянием, вызывающим соответствующие ослож-
нения. Исследование было проведено с целью 
изучения изменений сердечного ритма (СР) при 
регулируемой задержке дыхания при нырянии в 
холодную воду у юношей. Двадцать добровольцев, 
в возрасте от 17,5 до 20,4 лет, провели процедуру, 
состоящую из погружения лица в холодную воду с 
задержкой дыхания как можно дольше. Изменения 
СР определяли посредством непрерывной записи 
ЭКГ. Среднее время ныряния (tD) равнялось 
77,5±10,5 сек, варьируя в пределах от 61,7 до 
95,4 сек. Апноэ и погружение лица являлись 
причиной бифазных сдвигов: за увеличением 
частоты СР следовало его постепенное сни-
жение до достижения окончательной границы 
изменения - 47,7±9,0 удар/мин на 55,2±16,1 
сек ныряния. Было выделено два паттерна 
снижения частоты СР: моноэкспоненциальное 
уменьшение функции больше подошло 8 (40%) 
участникам с постоянным ритмом τ - 31,3±11,4 

сек-1, тогда как большинство (60%) проявили 
двухфазовый отрицательный хронотропический 
эффект с постоянным ритмом: τ1 - 10,3±4,2 сек-1 
и τ1 - 25,5±10,1 сек-1. Начальное, ожидаемое воз-
буждение повлияло на показатель частоты СР: 
чем выше было начальное повышение частоты 
СР, тем сильнее была выражена брадикардия. 
Нарушения сердечного ритма были отмечены у 
большинства участников: наджелудочковые эк-
топические удары (40%), желудочковые удары 
(20%), AV блокада I степени (30%), блокада II 
степени Мобица 1 (15%), узловой ритм (60%). 
В одном случае пара желудочковых эктопи-
ческих ударов носила серьезный характер, 
и исследование было срочно прекращено. В 
заключение следует отметить, что увлечение 
подростков старшего возраста нырянием и 
сильное эмоциональное, начальное возбуж-
дение сердца могут явиться риск-факторами 
развития аритмии. 

reziume

ufrosi asakis janmrTel mozard vaJebSi civ wyalSi CayvinTviT gamowveul 
apnoeze gulis riTmis individualuri cvlilebebis variabeluri xasiaTi 

1,2tomaS h. virJba, 2pavel muSal, 2hana svikalovska

1socialuri da humanitaruli mecnierebebis varSavis skola, 
fizioTerapiis departamenti, sopoti, poloneTi; 

2gdanskis samedicino universiteti, fiziologiis departamenti, poloneTi

sunTqvis Sekaveba saxis civ wyalSi 
CayofasTan erTad iwvevs CayvinTvis 
refleqss, ris Sedegadac viTardeba 
bradikardia, periferuli vazodilatacia 
da sisxlis gadanawileba upiratesad 
sasicocxlo organoebSi. individualuri 
pasuxebi cvalebadi da metad gamoxatu-
lia umcros bavSvebSi; intensivoba asakis 
matebasTan erTad mcirdeba. praqtikuli 
mniSvnelobisaa CayvinTvaze kardialuri 
reaqciis detaluri Sefaseba ufrosi asa-
kis mozardebSi, romlebic gansakuTrebiT 
midrekilni arian moulodneli CayvinTviTi 
eqsperimentebisadmi, rac iwvevs amasTan 
dakavSirebul garTulebebs. kvleva Catarda, 
raTa dadgenil iyo gulis riTmis reaqcia 
kontrolirebad sunTqvis SekavebiT civ 
wyalSi CayvinTvaze janmrTel mozard-
ebSi. 17.5-20.4  wlis asakis moxalise as-
rulebda Semdeg proceduras - saxis civ 
wyalSi Cayofas sunTqvis maqsimalurad 

xangrZlivi SekavebiT. gulis riTmi gan-
isazRvreboda uwyveti eleqtrografiuli 
CanaweriT. CayvinTvis saSualo dro (tD) 
iyo 77.5±10.5 wm, diapazoni - 61.7-95.4 wm. apnoe 
da saxis Cayofa civ wyalSi orfazian 
pasuxs iZleoda: gulis riTmis sixSiris 
momatebas mohyveboda misi TandaTano-
biTi Semcireba saboloo sazRvramde - 
47.7±9.0 guliscema/wT CayvinTvis 55.2±16.1 
wamze. gamoiyo gulis riTmis sixSiris 
Semcirebis ori paterni: funqciis mo-
noeqsponencialuri Semcireba ukeTesad 
Seesabameboda 8 (40%) mozards mudmivi 
riTmiT τ - 31.3±11.4 wm-1, maSin rodesac um-
ravlesobam (60%) gamoavlina orfaziani 
uaryofiTi qronotropuli efeqti mud-
mivi riTmiT - τ1 - 10.3±4.2 wm-1 da τ1 - 25.5±10.1 
wm-1. sawyisi mosalodneli agzneba zegav-
lenas axdenda gulis riTmis sixSiris 
cvlilebaze: rac meti iyo riTmis Tav-
dapirveli mateba, miT ufro Zlieri iyo 
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bradikardiis gamoxatuleba. umravlesobas 
gamouvlinda gulis riTmis darRvevebi: 
parkuWzeda eqtopiuri darty-mebi (40%), 
parkuWovani dartymebi (20%), I  xarisxis 
atrioventrikuluri blokada (30%), II  
xarisxis blokada - Mobitz I (15%), kvanZovani 
riTmi (60%). erT SemTxvevaSi ramdenime 

parkuWovani eqtopiuri dartyma seriozul 
xasiaTs atarebda da kvleva saswrafod 
iqna Sewyvetili. ufrosi asakis mozard-
ebis ltolva yvinTvisadmi da emociebiT 
gamowveuli gulis agznebulobis maRali 
sawyisi done maTSi ariTmiis ganviTarebis 
risk-faqtors warmoadgenda.

ВАРИАБЕЛЬНОСТЬ СЕРДЕЧНОГО РИТМА 
У ЗДОРОВЫХ ПОДРОСТКОВ И МОЛОДЫХ МУЖЧИН

Чкуасели Н.Н., Табидзе Г.A., Квачадзе И.Д., Цибадзе А.Д., Пагава К.И.

Тбилисский государственный медицинский университет; 
Тбилисский государственный университет им. И. Джавахишвили, Грузия

В последнее время большое внимание уделяется 
оценке вегетативной нервной системы подрост-
ков, как универсальному адаптационному звену 
в регуляции физиологических и патологических 
процессов.

Начало болезни определяется как явление адап-
тационного скачка в функциональных системах, 
а сама болезнь – как результат истощения адап-
тационных механизмов. Изменение вегетатив-
ного статуса рассматривается в качестве одного 
из основных донозологических критериев со-
матического неблагополучия [2].

В ряде случаев нарушение равновесия между 
симпатическим и парасимпатическим отделами 
вегетативной нервной системы носит позитивный 
характер и вызывает мобилизацию компенсатор-
ных механизмов, а в некоторых случаях является 
негативным процессом, который вызывает разви-
тие заболевания или осложнение уже существую-
щей патологии. 

Для оценки симпатической и парасимпатической 
активности в настоящее время широко использу-
ется метод изучения вариабельности сердечного 
ритма, который имеет высокое диагностическое 

значение, поскольку выявляет наличие вегетатив-
ного дисбаланса [1,3-5].

Целью исследования явилась сравнительная 
характеристика вариабельности сердечного 
ритма у подростков и здоровых молодых 
мужчин.

Материал и методы. В исследовании участво-
вали 52 подростка мужcкого пола в возрасте 
15-16 лет и 80 молодых мужчин в возрасте 
18-22 года. Для достижения легитимности и 
с целью включения участников в процесс ис-
следования заполнялась анкета, позволяющая 
комплексно оценить состояние здоровья (пульс, 
артериальное давление - АД, частота и глубина 
дыхания ЧД). После анкетирования контингент 
исследования составили 41 подросток и 73 
молодых мужчин. Данное исследование было 
неклиническим – для объекта оно не имело диа-
гностического, лечебного или профилактическо-
го значения, носило добровольный характер и 
проводилось двойным слепым методом. Участ-
ники были информированы о цели и методах 
исследования. От родителей подростков было 
получено информированное согласие на про-
ведение данного исследования. 
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Для оценки вариабельности сердечного ритма со-
гласно общепринятым научно-клиническим стан-
дартам, разработанным западно-европейскими 
и американскими специалистами, вычислялись 
следующие статистические параметры: среднее 
арифметическое (М), среднеарифметическое от-
клонение (м), стандартное отклонение (SDNN), 
стандартное отклонение среднего значения RR 
интервала (SDANN).

Спектральный анализ осуществлялся в диапазоне 
0,002-0,5 гц классического распределения Фурье. 
Биосигнал был разделен на три частотные полосы: 
а) высокочастотные волны – (НF), отражающие 
парасимпатическое звено модуляции сердечного 
ритма; Норма – 15-25%; б) низкочастотные волны 
(LF), которые считают маркерами симпатической 
нервной системы (колебание в норме в пределах 
15-40%); в) более низкочастотный диапазон (VLF) 

в норме колеблется в пределах 15-35%, отражает 
влияние высших центров вегетативной регуляции 
на сердечный ритм. Эти расчеты позволяют по-
лучить индекс вагосимпатического взаимоотно-
шения LF/HF.

Проводилось комплексное эхокардиографиче-
ское исследование. Статистическую обработку 
полученных данных осуществляли с помощью 
метода вариационной статистики, используя пакет 
программ Statistics v. 5,0.

Результаты и их обсуждение. Результаты обсле-
дования 41 здорового подростка в возрасте 15-16 
лет и 73 здоровых молодых мужчин в возрасте 
18-22 года выявили, что состояние вагосимпатиче-
ского равновесия у обследуемых лиц неодинаково, 
исходя из этого, реципиенты 15-16 лет были раз-
делены на 3 группы (таблица 1).

Таблица 1. Распределение лиц по состоянию вегетативного равновесия

Контингент

I группа
сбалансированное 
вазосимпатическое 

равновесие

II группа
преобладание 

парасимпатического 
отдела

III группа
преобладание 

симпатического отдела

подростки 15-16 лет 
n=41

15
36,6±8%

9
22,0±7%

17
41,5±8%

молодые мужчины
 18-22 лет 

n=73

42
57,5±6%

17
23,3±5%

14
19,2±4%

I группа (n=15) - лица с сбалансированным ваго-
симпатическим равновесием; II группа (n=9) – с 
усиленным тонусом парасимпатической части 
вегетативной нервной системы и III группа 
(n=17) – с усилением механизмов симпатической 
регуляции. Таким же образом были разделены 
молодые мужчины (18-22 лет) I группа - 42, 

II - 17, III группа – 14, соответственно. В под-
ростковом периоде в I группе LF/HF был 
равен 1,8±0,07, во II группе - 1,02±0,09, в III 
группе - 2,7±0,19. У молодых мужчин I группы 
индекс вагосимпатического взаимоотноше-
ния - LF/HF=1,89±0,08; II группы – 0,93±0,07, III 
группы - 3,1±0,13 (таблица 2).

Таблица 2. Показатели спектральной плотности сердечного ритма 
у здоровых лиц в состоянии покоя

Группы
Статистические показатели

LF% НF% VLF% LF/HF

по
др

ос
тк

и 
15

-1
6 

ле
т 

n=
41

I 42,4±1,9 26,4±2,06 25,63±3,05 1,8±0,07
II 31,2±2,7 34,42±1,73 24,92±3,45 1,02±0,09

III 45,62±2,41 20,46±1,32 32,1±3,5 2,7±0,19

мо
ло

ды
е 

му
ж

чи
ны

 
18

-2
2 

ле
т 

n=
73

I 48,66±2,82 25,85±1,77 25,4±4,3 1,89±0,08
II 36,5±3,5 36,6±1,9 22,97±4,2 0,93±0,7

III 49,2±3,6 15,8±1,35 34,9±3,8 3,1±0,13
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Изучение статистических показателей вариабельности сердечного ритма выявило следующую картину:

Таблица 3. Показатели вариабельности сердечного ритма
Группы M SDANN SDNN

по
др

ос
тк

и 
15

-1
6 

ле
т 

n=
41

I гр.
n=15 0,68±0,14 98,03±3,5 86,4±7,4

II гр.
n=9 0,72±0,12 92,8±7,1 88,4±4,5

III гр.
n=17 0,74±0,16 96,7±4,9 85,1±3,9

мо
ло

ды
е 

му
ж

чи
ны

 
18

-2
2 

ле
т 

n=
73

I гр.
n=42 0,71±0,12 124±9,1** 91,3±5,3

II гр.
n=17 0,69±0,17 130±8,5*** 94,4±9,4

III гр.
n=14 0,73±0,14 128±5,7*** 96,1±8,3

достоверность *р<0,05, **р<0,005, ***р<0,001

Полученные результаты еще раз подтвердили 
неодинаковое состояние вегетативного равнове-
сия у здоровых лиц, что объясняется различными 
физиологическими процессами подросткового 
возраста. Можно предполагать, что подобные 
стартовые условия могут оказать влияние на 
характер ответных реакций организма при раз-
личных раздражающих воздействиях.

В подростковом возрасте наблюдается превалиро-
вание симпатических регуляторных механизмов, 
тогда как в зрелом возрасте чаще встречаются лица 
со сбалансированным состоянием вегетативной 
нервной системы в условиях физиологического 
покоя при отсутствии патологии. 
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SUMMARY

CHARACTERISTICS OF HEART RATE VARI-
ABILITY IN HEALTHY ADOLESCENTS AND 
MALE ADULTS

Chkuaseli N., Tabidze G., Kvachadze I., Tsibad-
ze A., Pagava K. 

Tbilisi State Medical University; Iv. Javakhishvili 
Tbilisi State University, Georgia

The primary purpose of the present article is to in-
vestigate the comparative characteristics of heart 
rate variability in healthy adolescents and male 
adults. The study was carried out on 41 male ado-
lescents aged 15-16 years and 73 male adults aged 
18-22 years. For assessment of heart rate variability 
statistical data of variability and spectral analysis of 
heart rate were estimated. 

Achieved results have proved once again that veg-
etative balance in healthy individuals is not identi-
cal that can be explained by various physiological 
processes of adolescent age. Such start conditions 
probably may affect the character of body response 
to different stimulative impacts. 
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The study suggests that adults tend to have the prev-
alence of sympatic regular mechanisms whereas in 
mature age the cases of individuals with the bal-
anced vegetative nervous system in quiescent mode 
without pathologies are much more frequent. 

Key words: heart rate variability, healthy male ado-
lescents and adults.

РЕЗЮМЕ

ВАРИАБЕЛЬНОСТЬ СЕРДЕЧНОГО РИТМА 
У ЗДОРОВЫХ ПОДРОСТКОВ И МОЛОДЫХ 
МУЖЧИН

Чкуасели Н.Н., Табидзе Г.A., Квачадзе И.Д., 
Цибадзе А.Д., Пагава К.И.

Тбилисский государственный медицинский уни-
верситет; Тбилисский государственный универ-
ситет им. И. Джавахишвили, Грузия

Целью исследования явилась сравнительная 
характеристика вариабельности сердечного 
ритма у подростков и здоровых молодых муж-
чин. Обследованы 41 подросток мужского пола 
в возрасте 15-16 лет и 73 молодых мужчин в 
возрасте 18-22 лет. Для оценки вариабельности 
сердечного ритма вычисляли статистические 
показатели вариабельности и проводили спек-
тральный анализ ритма.

Полученные результаты подтвердили неоди-
наковое состояние вегетативного равновесия 
у здоровых лиц, что объясняется различными 
физиологическими процессами, происходящими 
в подростковом возрасте. Можно предполагать, 
что подобные стартовые условия могут оказать 
влияние на характер ответных реакций организма 
при различных раздражающих воздействиях.

В подростковом возрасте наблюдается превалиро-
вание симпатических регуляторных механизмов, 
тогда как в зрелом возрасте чаще встречаются 

сбалансированное состояние вегетативной нерв-
ной системы в условиях физиологического покоя 
при отсутствии патологии. 

reziume

janmrTel mozardTa da axalgazrda 
mamakacTa gulis ritmis variabelobis 
SefasebiTi daxasiaTeba

n. Wkuaseli, g. tabiZe, i. kvaWaZe, a. cibaZe, 
y. faRava

Tbilisis saxelmwifo samedicino uni-
versiteti; Tbilisis iv. javaxiSvilis 
saxelmwifo universiteti, saqarTvelo

kvlevis mizans warmoadgenda gulis 
ritmis variabelobis SedarebiTi Tavise-
burebebis dadgena janmrTel mozardTa 
da axalgazrda mamakacebs Soris. gamo-
kvleul iqna 15-16 wlis mamrobiTi sqesis 
41 mozardi da 73 18-22 wlis axalgazrda 
mamakaci. gulis ritmis variabelobis 
Sefasebis mizniT vangariSobdiT varia-
belobis statistikur maCveneblebsa 
da vawarmoebdiT ritmis speqtrul 
analizs.

gamokvlevebma daadastura saregulacio 
meqanizmebis araerTgvarovneba janmrTel 
pirebSi, rac ganpirobebulia mozardebSi 
mimdinare asakobrivi da fiziologiuri 
procesebis TaviseburebebiT. savaraudoa, 
rom arsebuli sastarto pirobebi gavle-
nas axdens organizmis sapasuxo reaqci-
aze gareSe gamaRizianeblis zemoqmedebis 
dros. fiziologiuri simSvidis dros 
janmrTel mozardTa asakSi adgili aqvs 
simpaTikuri saregulacio meqanizmebis 
upiratesobas, maSin rodesac zrdasrul 
asakSi, ufro xSirad gvxvdeba pirebi da-
balansebuli vegetatiuri saregulacio 
meqanizmebiT.
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Health psychologists who believe that it is a primary 
responsibility of individuals’ to chart their own way to 
health should take into particular account the notions 
of agency and potentials. 

These two notions are crucial for reorienting psycho-
logical investigations and interventions in accordance 
with new findings about human personality and the 
new demands of society. In reality promoting personal 
welfare requires to focus on what individuals can 
become beyond what they tend to be like [7], and 
societies must learn how to capitalize on their citizen’s 
mental capital if they are to prosper and flourish in a 
rapidly changing world [4].

Whereas the notion of agency points to the fact that 
people may actively contribute to the full expression 
of their natural and social endowments, the notion 
of potentials highlights the fact that much of human 
strengths derive from people discovering and nurtur-
ing their capacities while acknowledging environmen-
tal opportunities.

Capacities for self regulation through self reflection, 
self evaluative reactions and forethought are unique 
endowments of human species that allow people to 
adjust cognitive, affective and behavioural responses 
in order to attain personal goals and thus to exert 
a considerable influence over their experience and 
course of life.

People select, interpret and transform the environ-
ments they encounter, and to a great extent are respon-
sible for the full expression of their talents, as these 
develop in interactions with the social context.

Environments contain resources, opportunities, and 
challenges whose influence is not invariant across 
people and remains latent in absence of active choice. 
Even assets and strengths do not impose on individu-
als but must be actively pursued.

Ultimately people are causal agents who contribute to 
the full realization of their potentials by the choices 
they make. 

Thus a basic goal of agentic and potentialist views is 
to shed light on the psychological systems that en-
able people to regulate their experiences and actions 
and thus to contribute to the development of their 
potentials. 

In this regard a large body of research attest to the 
merits of social cognitive theory (SCT) in providing a 
firm basis for guiding research and designing psycho-
social interventions aimed at maximizing individuals’ 
functioning and well being.

SCT, in fact, focuses on the unique properties of 
human agency that allow people to reflect on their 
capabilities for action and to accord their conduct to 
the pursuit of outcomes they value. Moreover SCT 
points to structures and processes which enable people 
to guide behaviour purposively and to chart the course 
of their life.

Among mental structures that attest to the function-
ing of integrated systems capable of conferring unity, 
continuity and directness to individuals’ action, the 
beliefs people hold in their capability to exert control 
over the events that affect their lives (self efficacy 
beliefs), are pervasively influential.

A vast body of research suggest that self efficacy 
beliefs are central features of human agency that 
play a key role in the full realization of individuals’ 
potentials [2].

Unless people believe they can produce desired results 
by their actions, they have little incentive to undertake 
activities and seek opportunities they perceive beyond 
their reach.

People who doubt their efficacy for performance tend 
to avoid challenges, to withdraw when confronted 
with difficulties, and to experience debilitating anxiety 
when faced with setbacks. People who are confident 
in their efficacy, instead, tend to commit themselves to 
more challenging goals, to attribute positive outcome 
to stable and controllable factors and to develop supe-
rior strategies for coping with highly complex tasks. 

ADVOCATING AN AGENTIC AND POTENTIALIST VIEW TO HEALTH PSYCHOLOGY

Gian Vittorio Caprara

“Sapienza”, University of Rome, Italy
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As people draw their sense of efficacy from dealing success-
fully with challenging experiences SCT points to mastery 
experiences as effective means for boosting self efficacy.

The degree of perceived mastery varies across task 
and situations; thus self efficacy beliefs do not corre-
spond to general self appraisal tendencies, but rather to 
highly contextualized knowledge structures regarding 
one’s own abilities to face specific challenges.

In this vein claiming the specificity of perceived self 
efficacy and pursuing a multifaceted approach in the 
study of its various expressions across task, situations 
and subjective states have been critical to address the 
self regulatory process and mechanism from which 
their properties derive.

However self efficacy beliefs do not operate in iso-
lation from one another and may generalize across 
activities as people reflect on their experiences 
across various settings. Moreover, people develop 
interrelated beliefs about capabilities pertaining to 
broad domains of functioning and beyond specific 
performances and situations.

Discovering the kinds of self efficacy beliefs that exert 
a higher influence in given domain of functioning, gen-
eralize more widely and are more accessible to change 
is crucial to account for the unique organization of per-
sonality and to design interventions aimed at promoting 
individual growth, health and well being.

In previous studies I emphasized how self efficacy 
beliefs related to broad domains of functioning, like 
affect and interpersonal relations, may have a funda-
mental role in well being and healthy adjustment [5]. 
In particular I proposed a conceptual model in which 
perceived self efficacy in handling affect, including 
the management of negative and positive emotions, 
influences perceived efficacy in managing interper-
sonal and social relations.

In assigning causal primacy to affect over relations 
management I reasoned that the more effectively 
people can deal with their own affect, the more they 
can properly handle their relationships with others, 
and thus perform successfully in their diverse life 
contingencies. Likewise the more people believe that 
they are handling well their emotions, the more justi-
fied they are to believe they are capable to adequately 
handle their relationships with others.

Our earlier studies demonstrate that perceived self 
efficacy in managing: i) negative affect associated to 
despondency and irritation; ii) joy and pride; iii) and 
relationships with others, contrast shyness, depres-
sion and delinquency over the course of adolescence 
and is ultimately fundamental in shaping prosocial 
behavior [1,3,10].

Subsequent findings with a variety of samples indi-
cated that affective self regulatory beliefs and self 
efficacy beliefs in managing relationships with others 
within and outside the family contribute significantly 
to a latent dimension that underlies life satisfaction, 
self esteem and optimism, namely positive orientation, 
a dimension that proved stable over time and due to 
a large genetic component [8,9,11].
 
In a previous editorial Taylor [14] pointed to the need 
to develop interventions that may help people restore 
their sense of self esteem, optimism and mastery about 
the future as these are significantly associated with 
healthy adjustment.
 
Recent findings suggest that this need can be met, at 
least in part through mastery experiences conducive 
to strengthen emotional and social efficacy [6].

Current studies focusing on change of basic traits 
like the Big Five (that is: extraversion, agreeableness, 
emotional stability conscientiousness and openness) 
further attest to the influential role of self efficacy 
beliefs in shaping basic tendencies that advocates 
of dispositional approach view as the universal raw 
material that defines individuals’ potential and direc-
tion [12,13]. 

This is particular notable since genetic and longitudi-
nal studies attest to the stability of the big five while a 
vast literature documents their relations with health, 
well being, social adjustment and positive functioning. 
Whereas lack of agreeableness and emotional stability 
has been associated to various personality disorders, 
heart diseases, and depression, conscientiousness has 
been associated to longevity [7].

As we know very little about effectiveness of inter-
ventions aimed at promoting the positive sides of 
personality, current findings on the influence that af-
fective self regulatory and social self efficacy beliefs 
may exert on stability and change of basic traits look 
particularly promising.
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At any rate, any approach to psychological interventions 
aimed at building and strengthening individuals’ capaci-
ties to take care of their health and well being must meet 
the earlier recommendations of Yardley and Moss [15] 
who urged the identification of psychological mediators 
and moderators of intervention outcomes.

Agentic self beliefs in the domain of affect and interper-
sonal relations may represent fundamental psychological 
mediators and moderators, that significantly contribute 
to turn largely inherited tendencies and predispositions 
into proper views, feelings, goals and performances.

It is worth noting that genetic endowment accord more with 
epigenetic probabilism than with mechanistic determinism. 
Thus positive orientation and basic traits may be thought 
of as potentials the realization of which largely depends on 
individual’s capacity to master their own experiences.

Social cognitive theory and practice provide unique 
directions to identify the strategies more suitable to 
promote individual flourishing by enabling people to 
make choices and to engage in pursuits that mostly 
serve to their growth, health and well-being.
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SUMMARY

ADVOCATING AN AGENTIC AND POTEN-
TIALIST VIEW TO HEALTH PSYCHOLOGY

Gian Vittorio Caprara

“Sapienza”, University of Rome, Italy

The article covers the notions of agency and poten-
tials, social cognitive theory (SCT), their definition 
and importance for the health. These two notions are 
crucial for reorienting psychological investigations 
and interventions in accordance with new findings 
about human personality and the new demands of 
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society. The notion of agency points to the fact that 
people may actively contribute to the full expression 
of their natural and social endowments, the notion 
of potentials highlights the fact that much of human 
strengths derive from people discovering and nurturing 
their capacities while acknowledging environmental 
opportunities. A basic goal of agentic and potentialist 
views is to shed light on the psychological systems 
that enable people to regulate their experiences and 
actions and thus to contribute to the development of 
their potentials. In this regard a large body of research 
attest to the merits of social cognitive theory (SCT) in 
providing a firm basis for guiding research and design-
ing psychosocial interventions aimed at maximizing 
individuals’ functioning and well being. SCT focuses 
on the unique properties of human agency that allow 
people to reflect on their capabilities for action and to 
accord their conduct to the pursuit of outcomes they 
value, and points to structures and processes which 
enable people to guide behaviour purposively and to 
chart the course of their life. Social cognitive theory 
and practice provide unique directions to identify 
the strategies more suitable to promote individual 
flourishing by enabling people to make choices and to 
engage in pursuits that mostly serve to their growth, 
health and well-being.

Key words: Health psychology, agency, potential, 
social cognitive theory. 

РЕЗЮМЕ 

ОТСТАИВАЯ  ВЗГЛЯД НА ПСИХОЛОГИЮ 
ЗДОРОВЬЯ  КАК ДЕЙСТВИЕ И ПОТЕНЦИАЛ 

Джан Витторио Капрара

Римский университет “Sapienza”, Италия

В статье анализируются социально когнитивная 
теория и такие понятия как деятельность и по-
тенциал, даётся их определение; указывается на 
их значимость в контексте психологии здоровья. 
Когнитивным процессам, обеспечивающим мен-
тальный самоконтроль и самоэффективность 
личности, отводится особое место в  совмест-
ном взаимодействии и взаимовлиянии среды, 
поведения и личностных факторов. Отмечается 
основополагающее значение понятий действие и 
потенциал для переориентации психологических 
исследований и интервенции (вмешательства) в 

соответствии с учётом новых запросов общества 
и знаний о человеческой личности. Понятие дей-
ствие указывает на способность людей активно 
корректировать заложенные в них природные да-
рования. Понятие потенциал, признавая влияние 
среды, подчёркивает тот факт, что в большинстве 
своём человеческая сила развивается у тех людей, 
которые, смогли открыть и развить заложенные 
в них способности. Основной целью  взгляда на 
психологию здоровья как действие и потенциал  
является пролить свет на психологические систе-
мы, которые дают возможность людям соразме-
рять свой опыт и действия  и таким образом раз-
вивать свои потенциалы. В этой связи в большом 
числе исследований отмечаются достоинства 
социально-когнитивной теории в обеспечении 
твёрдой основы для проведения исследований 
и разработки психосоциальных интервенций с 
тем, чтоб максимально повысить функциональ-
ное и социально-психологическое благополучие 
индивидуума. Социально-когнитивная теория 
сосредотачивается на уникальных свойствах че-
ловеческой деятельности, позволяющей людям 
размышлять над их способностями к действию 
и согласовывать свое поведение с достижением 
ценных для них целей, и указывает на структу-
ры и процессы, которые позволяют людям вести 
себя целеустремленно и картировать течение 
своей жизни. Социально-когнитивная теория и 
практика обеспечивают уникальные направле-
ния для идентифицирования стратегий, наиболее 
подходящих для способствования процветания 
индивидуума, позволяя людям делать выбор и 
заниматься тем, что главным образом служит их 
росту, здоровью и хорошему самочувствию.

reziume

qmedebisa da potenciurobis cnebebi jan-
mrTelobis fsiqologiaSi

jian vitorio kaprara

romis universiteti “Sapienza”, italia

statiaSi gaanalizebulia qmedebisa 
da potenciurobis cnebebi, social-
ur-kognitiuri Teoria (skT) da maTi 
mniSvneloba janmrTelobisaTvis. es 
ori cneba ukiduresad mniSvnelovania 
fsiqologiuri kvlevebis reorientaci-
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isaTvis adamianis individualobisa 
da sazogadoebis moTxovnebis axal 
informaciasTan SesabamisobaSi mosayva-
nad. qmedebis cneba miuTiTebs im faqt-
ze, rom adamianebs SeuZliaT aqtiurad 
Seitanon wvlili sakuTari bunebrivi da 
socialuri niWis srul realizaciaSi. 
potenciurobis cneba gulisxmobs, rom 
adamianis Zlieri Tvisebebis umetesoba 
maSin vlindeba, rodesac igi aRmoaCens 
da ganaviTarebs sakuTar unarebs garemo 
pirobebis gaTvaliswinebiT. qmedebisa da 
potenciurobis Teoriis ZiriTadi miza-
nia im fsiqologiuri sistemebis axsna, 
romlebic adamianebs saSualebas aZlevs 
akontrolon sakuTari gamocdileba da 
moqmedebebi da, amgvarad, xeli Seuwyon 
sakuTari potencialis ganviTarebas. am 
sakiTxebze orientirebuli Sromebis 
didi raodenoba adasturebs socialur-
kognitiuri Teoriis dadebiT gavlenas 

imaze, rom samecniero kvlevebi da fsiqo-
socialuri intervenciebi mimarTuli 
iyos adamianTa funqcionirebisa da misi 
keTildReobis maqsimalizaciaze. so-
cialur-kognitiuri Teoria fokusirebu-
lia adamianis qmedebis unikalobaze, rac 
saSualebas aZlevs adamianebs gaiazron 
sakuTari unarebi qmedebebTan mimarTebaSi, 
SeaTanxmon qceva maTTvis faseuli mizne-
bis miRwevis amocanasTan da miuTiTebs im 
procesebze, romlebis saSualebas aZlevs 
adamians mizandasaxulad imoqmedos da 
dagegmos sakuTari cxovreba. socialur-
kognitiuri Teoria da praqtika gvaCvenebs 
unikalur mimarTulebas im strategiis 
saidentifikaciod, romelic yvelaze 
metad uwyobs xels individis srulyo-
fil ganviTarebas da aZlevs adamians 
saSualebas gaakeTos arCevani, romelic 
saukeTeso iqneba misi zrdisaTvis, janm-
rTelobisa da keTildReobisaTvis. 

ПСИХОФИЗИОЛОГИЧЕСКАЯ СТРУКТУРА ВЕРБАЛЬНОГО 
И НЕВЕРБАЛЬНОГО ИНТЕЛЛЕКТА ДЕТЕЙ 6-7 ЛЕТ 

С СИНДРОМОМ ДЕФИЦИТА ВНИМАНИЯ И ГИПЕРАКТИВНОСТИ

Безруких М.М., Логинова Е.С.

Российская академия образования, Институт возрастной физиологии, Москва, Россия

Несмотря на длительную историю исследований 
когнитивных процессов при синдроме дефицита 
внимания и гиперактивности (СДВГ), данные 
об особенностях интеллектуального развития 
у гиперактивных детей противоречивы. В тоже 
время доказано, что общими для всех форм СДВГ 
являются нарушения процессов регуляции дея-
тельности и внимания, тех ведущих (фоновых) 
компонентов психофизиологической структуры 
интеллектуальной деятельности, которые в значи-
тельной степени определяют сформированность 
вербального и невербального интеллекта [1] и 
являются центральным звеном в формировании 
любой познавательной деятельности [14].

У детей с СДВГ отмечаются нарушения рабо-
чей памяти, внутренней речи, эмоционального 
контроля, мотивации и уровня бодрствования 
(arousal), т.е. различных аспектов регуляции 
деятельности при отсутствии выраженных 
дефицитов операциональных проце ссов 
[14,15]. 

Результаты некоторых исследований свиде-
тельствуют о том, что существуют особен-
ности развития зрительного и зрительно-
пространственного восприятии, речи, памяти 
и других процессов, связанных с обработкой 
информации [6,12]. 
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В тоже время имеются данные об отсутствии от-
личий у детей с СДВГ в возрасте 9-12 лет, обсле-
дованных с помощью батареи когнитивных тестов 
внимания и контрольной группы. Противоречивы 
и данные об интеллектуальном развитии детей с 
СДВГ, однако в большинстве работ указывается на 
отсутствие достоверных различий между детьми 
с синдромом СДВГ и детьми контрольных групп 
[14,15]. Отличия выявляются в тех исследованиях, 
когда синдром СДВГ является сопутствующим диа-
гнозом к другим более серьезным заболеваниям.

Таким образом, изучая детей с СДВГ, исследо-
ватели сталкиваются с неоднородностью само-
го синдрома и с особенностями формирования 
когнитивных процессов. В этой связи особый 
интерес представляет проведенный нами сравни-
тельный анализ психофизиологической структуры 
интеллекта у детей 6-7 лет с СДВГ и контрольной 
группы (без СДВГ). 

Материал и методы. Для диагностики уровня 
интеллектуального развития был использован 
детский вариант методики Д. Векслера в модифи-
кации А.Ю. Панасюка [цит. по 5]. Обследовано 22 
ребенка с СДВГ и 25 детей без СДВГ (контрольная 
группа). Обследование детей проводилось на базе 
ГОУ №1826 САО г. Москвы.

Тестирование проводилось по 12 субтестам: 6 
вербальным (1- 6 субтест) и 6 невербальным 
(7- 12 субтест). 

Вербальные субтесты характеризуют способ-
ность ребенка воспринимать и анализировать 
обращенную к нему речь и отражают развитие 
тех психических функций, которые обеспечивают 
выполнение задания.

Невербальные субтесты - это преимущественно 
задания, требующие пространственных умений и 
основанные на практически-образном действен-
ном мышлении.

Для анализа психофизиологической структуры 
интеллекта была использована разработанная 
нами психофизиологическая структура субтестов 
теста Д. Векслера (таблица 1) [1,7].

В связи с тем, что выполнение задания каждого 
субтеста определяется многими факторами: оно 

может нарушаться как от недостаточности одно-
го из них, так и при совокупном, комплексном 
дефиците или несформированности различных 
функций. Для того чтобы оценить этот фактор, 
необходимо провести качественный анализ выпол-
нения заданий и сопоставить показатели данного 
субтеста с показателями субтестов, имеющих 
сходные с ним компоненты психофизиологиче-
ской структуры.

Важно отметить что, в процессе выполнения 
каждого задания анализировались особенности 
организации деятельности - понимание инструк-
ции, планирование, контроль и коррекция деятель-
ности, что позволило при необходимости провести 
качественный анализ полученных данных. Имен-
но эти функции страдают у детей с СДВГ.

Результаты и их обсуждение. Анализ психо-
физиологической структуры вербального и не-
вербального компонентов интеллекта у детей с 
СДВГ и контрольной группы показал, что уровень 
сформированности психофизиологических функ-
ций, определяющих эффективность реализации 
вербальных и невербальных задач, имеет свои 
особенности у детей этих групп (рис. 1 (А, Б)).

Рис. 1 (А). Средние значения показателей вербаль-
ного интеллекта у детей 6-7 лет (в баллах)
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Рис. 1(Б). Средние значения показателей невер-
бального интеллекта у детей 6-7 лет (в баллах)
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Таблица 1. Психофизиологическая структура деятельности, составляющая основу 
субтестов вербального (1-6) и невербального (7-12) интеллекта [1]

Субтесты Психофизиологическая структура деятельности

1. “Осведомленность” Произвольная организация и регуляция деятельности. Произвольное внимание (устой-
чивость, распределение, концентрация). Уровень речевого развития и объем активного 
и пассивного словаря. Общий запас сведений и знаний. Долговременная слухо-речевая 
память. Вербально-логическое мышление.

2. “Понятливость” Произвольная организация и регуляция деятельности. Произвольное внимание (устой-
чивость, распределение, концентрация). Анализ ситуации. Уровень речевого развития и 
актуальный словарный запас. Способность к построению развернутого высказывания 
и умение применять правила. Долговременная слухо-речевая память. Абстрактное и 
логическое мышление. 

3. “Арифметика” Произвольная организация и регуляция деятельности. Произвольное, активное внима-
ние (устойчивость, распределение, концентрация). Вербально-логическое мышление. 
Сформированность механизмов вербально-мнестических действий. Сформированность 
счетных операций, пространственных представлений и зрительно-пространственного 
восприятия. Регулирующая функция внутренней речи. Слухо-речевая кратковремен-
ная, рабочая и зрительная оперативная память. Способность к формированию новых 
навыков.

4. “Сходство” Произвольная организация и регуляция деятельности. Произвольное внимание 
(устойчивость, распределение, концентрация). Уровень речевого развития (состояние 
активного и пассивного словаря). Запас сведений и знаний. Способность обобщать, 
анализировать, синтезировать и оперировать понятиями. Вербально-логическое и 
абстрактное мышление. Слухо-речевая долговременная память. 

5. “Словарь” Произвольная организация и регуляция деятельности. Произвольное внимание (устой-
чивость, распределение, концентрация). Вербально-логическое и абстрактное мышле-
ние, уровень речевого развития и умение строить развернутое высказывание, состояние 
активного и пассивного словаря. Долговременная слухо-речевая память. 

6. “Повторение цифр”  Произвольная организация и регуляция деятельности. Произвольное внимание (устой-
чивость, распределение, концентрация). Слухо-речевая кратковременная и оперативная 
память. Уровень сформированности последовательности вербально-мнестических 
действий. 

7. “Недостающие детали” Произвольная организация и регуляция деятельности. Произвольное зрительное вни-
мание (устойчивость, распределение, концентрация). Запас сведений и знаний. Уро-
вень сформировнности регулирующей функции внутренней речи. Пространственное 
восприятие. Зрительно-пространственная деятельность (умение решать перцептивные 
задачи). 

8. “Последовательные картинки” Произвольная организация и регуляция деятельности. Произвольное внимание (устой-
чивость, распределение, концентрация). Наглядно-образное и вербально-логическое 
мышление. Умение устанавливать причинно- следственные и временные связи. Уровень 
сформировнности регулирующей функции внутренней речи. Актуальный словарный 
запас. Запас сведений и знаний. Пространственное восприятие. 

9. “Кубики Кооса” Произвольная организация и регуляция деятельности. Произвольное зрительное 
внимание (устойчивость, распределение, концентрация). Конструктивное мышление. 
Пространственный анализ и синтез, схематическое представление о пространстве. 
Зрительно-моторные координации. Способность к формированию новых навыков. 

10. “Сложение фигур” Произвольная организация и регуляция деятельности. Произвольное внимание 
(устойчивость, распределение, концентрация). Регулирующая функция внутренней 
речи. Пространственный анализ и синтез. Зрительно-пространственное восприятие. 
Зрительная память. Зрительно-моторные координации. Способность к формированию 
новых навыков. Скорость и темп работы. 

11. “Кодирование” Произвольная организация и регуляция деятельности. Произвольное внимание (устой-
чивость, распределение, концентрация). Зрительно-пространственная деятельность. 
Зрительная кратковременная память. Способность удерживать в памяти закономер-
ность последовательности символов. Зрительно-моторные координации. Способность 
к формированию новых навыков. Темп и скорость работы. 

12. “Лабиринт” Произвольная регуляция и организация деятельности. Произвольное внимание (устой-
чивость, распределение, концентрация). Нервно-мышечная регуляция и контроль 
движений. Зрительно-моторные координации. Темп и скорость работы. 
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У детей контрольной группы (рис. 1А) выявлен 
высокий уровень развития вербально-логического 
мышления, достаточный запас сведений и знаний, 
хорошо сформированная долговременная и рабо-
чая память. Об этом свидетельствуют высокие 
среднегрупповые значения субтестов 1, 2, 3 и 4 
(«Осведомленость», «Понятливость», «Арифме-
тика» и «Сходство»; р=14,25±0,68÷19,0±0,33), по-
казатели которых находятся выше верхних границ 
нормативных значений.

Для выполнения субтеста 5 («Словарь») требуется 
достаточный лексический запас (вербальный объ-
ем – тест вербального определения). Успешность 
выполнения этого субтеста зависит от объема 
вербальной информации, и в этом отношении 
субтест 5 («Словарь») перекрывается субтестом 
1 («Осведомленность»).

Субтест 6 («Повторение цифр») измеряет объем 
кратковременной слуховой памяти и частично 
зрительно-речевой, т.к. цифры имеют, значительно 
большую, чем слова, наглядную опору.

Показатели выполнения субтестов 5 и 6 («Словарь» 
и «Повторение цифр»; р= 11,12±0,46÷11,50±0,31) 
несколько ниже, но также находятся в верхних 
пределах нормативных границ.

В группе детей с СДВГ показатели выполнения 
четырех вербальных субтестов 1, 2, 3 и 4 («Осве-
домленность», «Понятливость», «Арифметика» 
и «Сходство»; р=10,80±1,39÷18,20±0,78 ) также 
достаточно высоки, но несколько ниже (р>0,05), 
чем у детей контрольной группы и находятся либо 
в верхних границах нормативных значений или 
на верхней нормативной границе. В то же время 
низкие показатели выполнения вербальных субте-
стов 5 и 6 («Словарь», р=9,60±0,90 и «Повторение 
цифр», р=9,70±0,65) свидетельствуют о недо-
статочном уровне развития таких структурных 
компонентов интеллекта как объём актуального 
словарного запаса и возможности построения раз-
вернутого высказывания, кратковременной слухо-
речевой оперативной памяти и зрительно-речевой 
памяти. Достоверность различий отмечена только 
в субтестах 1, 2 и 6 («Осведомленность», «По-
нятливость» и «Повторение цифр»). Несмотря на 
низкую степень достоверности (р<0,05) различий 
вербальных субтестов 1, 2 и 6 («Осведомлен-
ность», «Понятливость» и «Повторение цифр»), 

дети с СДВГ выполняли эти задания с более низ-
ким качеством, чем дети контрольной группы.

Выделение наиболее существенных признаков 
при обобщении и классификации (категории) 
является главным в субтесте 4 «Сходство» (тест 
вербального абстрагирования). Высокие по-
казатели выполнения субтеста 4 (р=18,20±0,78) 
скорее свидетельствуют о наученности, так как 
в основе этого субтеста лежат задания, которые 
многократно повторяются в течение дошкольного 
обучения. 

Таким образом, качество выполнения вербаль-
ных субтестов в контрольной группе выше, чем в 
группе детей с СДВГ. У детей контрольной груп-
пы выявлен высокий уровень сформированности 
структурных компонентов вербально-логического 
мышления, речи, внимания и произвольной регу-
ляции деятельности, а дети с СДВГ выполняли 
эти задания с более низким качеством. 

При анализе показателей невербального интеллек-
та выявлено, что дети обеих групп успешно справ-
лялись с невербальными субтестами (рис.1Б). В 
среднем, по группам, результаты выполнения прак-
тически всех невербальных субтестов находятся 
или в верхних границах нормативных значений 
или даже выше них (р=10,07±1,24÷14,40±0,82). 
Это свидетельствует о развитии таких важных 
функций, как наглядно-образное мышление и 
пространственное восприятие, зрительная память 
и внимание. В то же время в группе детей с СДВГ 
субтест 9 («Кубики Кооса», р=10,07±1,24) имеет 
средний показатель на нижней границе норматив-
ных значений и достоверно (р<0,01) отличается от 
показателей данного субтеста у детей контрольной 
группы. Это согласуется с результатами некоторых 
исследований, свидетельствующих о том, что у 
детей с СДВГ существуют особенности развития 
зрительного и зрительно-пространственного 
восприятий [6,12]. В психофизиологической 
структуре субтеста 9 (“Кубики Кооса”) веду-
щую роль играет произвольная организация и 
регуляция деятельности, схематическое пред-
ставление о пространстве, операции простран-
ственного анализа и конструктивное мышление 
(необходимо мысленно расчленить образец на 
части, соответствующие элементам конструк-
ции, т.е. заранее наметить принцип построения 
конструкции).
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В основе выполнения субтеста 10 (“Сложение 
фигур”, р=11,73±0,86) ведущим является непо-
средственно зрительно-пространственное вос-
приятие (требуется быстро определить целое и 
соотношение его частей). Расхождение оценок в 
субтестах 9 и 10 (“Кубики Кооса” и “Сложение 
фигур”) может свидетельствовать о преимуще-
ственном развитии или недостаточности (несфор-
мированности) одного из указанных компонентов 
зрительно-пространственной деятельности. 

В то же время известно, что нарушение обобщен-
ного восприятия пространственных отношений на-
блюдается при поражении нижнетеменной области 
левого полушария, а дефицит непосредственного 
оптико-пространственного восприятия указывает 
на поражение той же области правого полушария у 
детей [3]. Поэтому расхождение оценок в субтестах 
9 и 10 (“Кубики Кооса” и “Сложение фигур”) может 
дать основание для предположения о несформиро-
ванности функций связанных с развитием опреде-
ленных структур мозга.

Обобщенное представление о пространстве не-
обходимо для формирования понятия числа и 
одной из сторон импрессивной речи - понимания 
некоторых логико-грамматических конструкций, 
которые относятся к функциям левого полушария 
[3,11]. В связи с этим сочетание низких оценок в 
субтестах 5, 6 и 9 (“Словарь”, р=9,60±0,90; “По-
вторение цифр”, р=9,70±0,65; и “Кубики Кооса”, 
р=10,07±1,24) можно рассматривать как следствие 
одного радикала – несформированности или де-
фицита пространственных функций.

Таким образом, анализ выполнения невербальных 

заданий свидетельствует о том, что дети двух 
групп выполняли эти задания успешно, однако 
у детей с СДВГ выявлены трудности при реше-
нии задач, в основе которых лежит зрительно-
пространственный фактор.

При анализе интегральных показателей интеллек-
та проявляются четкие различия между исследуе-
мыми группами детей. 

Анализ интегральных показателей интеллекта 
свидетельствует, что среднегрупповые вер-
бальный (ВИП), невербальный (НИП) и общий 
интегральные (ОИП) показатели в контроль-
ной группе достоверно (р<0,05÷р<0,001) выше 
(р=125,43±2,23÷130,43±2,23 ), чем у детей с СДВГ 
(р= 114,80±4,10÷118,00±4,98). 

В связи с тем, что не выявлено существенных раз-
личий в выполнении вербальных и невербальных 
субтестов, а интегральные показатели ВИП и НИП 
достоверно отличаются, можно предположить, что 
это обусловлено сохранением операциональной 
структуры различных видов деятельности, но 
дефицитом организации внимания и произвольной 
регуляции деятельности.

Более подробную качественную информацию об осо-
бенностях интеллектуального развития дает индивиду-
альный анализ успешности выполнения заданий теста 
детьми с СДВГ и детьми контрольной группы.

Динамика качественных показателей выполнения 
вербальных и невербальных субтестов у детей 6-7 
лет с СДВГ и контрольной группы представлены 
в таблицах 2 и 3.

Таблица 2. Успешность выполнения вербальных субтестов у детей 6-7 лет (%)

Субтесты

Дети 6-7 лет с СДВГ Дети 6-7 лет контрольная группа
Кол-во детей с 

показ-ми Мах и 
выше

Кол-во детей с 
показ-ми Мin и 

ниже

Кол-во детей с 
показ-ми Мах и 

выше

Кол-во детей с 
показ-ми Мin и 

ниже
1. 73,1±8,7 7,7±5,2 83,8±6,1 7,7±4,4
2. 57,7±9,7 15,4±7,1 70,3±7,5 10,8±5,1
3. 57,7±9,7 15,4±7,1 70,3±7,5 2,7±2,7
4. 96,1±3,8 - 97,3±2,7 -
5. 19,2±7,7 42,3±9,7 16,2±6,1 24,3±7,1
6. 50,0±9,8 15,4±7,1 40,5±8,1 -

Как видно из представленных в таблице 2 данных 
пять из шести вербальных субтестов (1 «Осведом-
ленность», 2 «Понятливость», 3 «Арифметика», 

4 «Сходство», 6 «Повторение цифр») успешно 
выполнялись детьми обеих групп. Процент детей, 
имеющих высокие и очень высокие показатели вы-
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полнения субтестов, в основе которых произвольная 
регуляция деятельности, вербально-логическое 
мышление и вербально-мнестические операции, а 
также характеризующих общий запас сведений и 
знаний и эмоционально-волевую зрелость, колеблет-
ся в пределах от 50,0 до 73,1% у детей с СДВГ и от 
40,5 до 97,3% у детей контрольной группы. 

Для детей с СДВГ субтест 5 («Словарь») оказался 
наиболее сложным. 42,3% детей с СДВГ имеют 
минимальные и ниже показатели выполнения. 
Среди детей контрольной группы процент детей, 
имеющих трудности выполнения данного субтеста 
значительно ниже – 24,3%. Успешное выполнение 
этого субтеста зависит от актуального словарного за-
паса, умения оперировать вербальной информацией 
и строить развернутое высказывание. Процентное 
соотношение высоких результатов выполнения 
субтеста 5 («Словарь»), т.е. выше верхней границы 
нормативных значений, не выявил существенных 
различий в сравниваемых группах и составил 19,2% 
и 16,2% - соответственно. 

Учитывая, что показатели выполнения субтеста 
5 («Словарь») характеризуют сложные виды 
интегративной вербальной деятельности (долго-
временной памяти, вербально-логического мыш-
ления, регулирующей функции речи) трудности 
реализации заданий этого субтеста свидетельству-
ют о недостаточном уровне сформированности 
именно регулирующей функции речи у детей 6-7 
лет с СДВГ.

Следует отметить, что согласно результатам ана-
лиза индивидуальных данных, самые низкие (на 
нижней границе нормы или даже ниже) показатели 
выполнения практически всех вербальных суб-
тестов встречаются у детей с комбинированным 
типом СДВГ (гиперактивность, невнимательность 
и импульсивность).

Анализ показателей невербального интеллекта 
показал, что дети обеих групп справлялись с 
невербальными субтестами успешнее, чем с вер-
бальными (таблица 3). 

Таблица 3. Успешность выполнения невербальных субтестов 
и интегральных показателей интеллекта у детей 6-7 лет (%)

Субтесты

Дети 6-7 лет с СДВГ Дети 6-7 лет контрольная группа
Кол-во детей с 

показ-ми Мах и 
выше

Кол-во детей с 
показ-ми Мin и 

ниже

Кол-во детей с 
показ-ми Мах и 

выше

Кол-во детей с 
показ-ми Мin и 

ниже
7. 80,8±7,7 3,8±3,7 70,3±7,5 10,8±5,1
8. 76,9±8,3 3,8±3,7 75,7±7,0 -
9. 50,0±9,8 30,8±9,0 70,3±7,5 2,7±2,7
10. 84,6±7,1 7,7±5,2 83,8±6,1 2,7±2,7
11. 46,1±9,8 15,4±7,1 51,3±8,2 18,9±6,4
12. 80,8±7,7 3,8±3,7 91,9±4,5 -

ВИП 42,3±9,7 - 45,9±8,2 -
НИП 61,5±9,5 - 70,3±7,5 -
ОИП 61,5±9,5 - 78,4±6,8 -

Согласно литературным данным [3,13,14], это 
свидетельствует о развитии таких важных функ-
ций, как наглядно-образное мышление и про-
странственное восприятие, зрительная память и 
внимание, конструктивное мышление.

От 70,3 до 91,9% учащихся контрольной группы 
и от 76,9 до 84,6% детей с СДВГ имели показа-
тели выполнения выше верхних нормативных 
границ. 

46,1 и 50,0% детей с СДВГ успешно справились 
с субтестами 11 и 9 («Кодирование» и «Кубики 

Кооса»), а 30,8% и 15,4% - имели трудности в 
выполнении. 

Средний групповой показатель субтеста 9 («Ку-
бики Кооса») в группе детей с СДВГ также нахо-
дился на нижней границе нормативных значений 
и значимо (р<0,01) отличался от показателя этого 
теста у детей контрольной группы. Это согласует-
ся с нашими данными и результатами некоторых 
исследований, свидетельствующих о том, что 
у детей с СДВГ существуют особенности раз-
вития зрительно-пространственных восприятий 
и зрительно-моторных координаций [6,14]. В 
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психофизиологической структуре субтеста 9 “Ку-
бики Кооса” ведущую роль играет произвольная 
организация и регуляция деятельности, схемати-
ческое представление о пространстве, операции 
пространственного анализа и конструктивное 
мышление (необходимо мысленно расчленить 
образец на части, соответствующие элементам 
конструкции, т.е. заранее наметить принцип по-
строения конструкции).

Среди ребят контрольной группы 18,9% также 
испытывали трудности при реализации зада-
ний субтеста 11 («Кодирование»). Успешное 
выполнение данного субтеста обеспечивается 
достаточной зрелостью произвольной регуляции 
деятельности, сложнокординированных дви-
жений рук (находятся в стадии формирования) 
способностью к выработке новых перцептивных 
навыков (удержание в памяти последователь-
ности символов), т.е. кратковременной зритель-
ной рабочей памятью и зрительно-моторными 
координациями. Степень сформированности 
этих функций является фактором, мешающим 
успешному выполнению данного субтеста деть-
ми двух групп. 

Кроме того, желательно отметить, что низкие 
оценки чаще встречаются у мальчиков. Возможно, 
это связано с тем, что девочки больше рисуют и 
охотнее выполняют задания направленные на раз-
витие мелкой моторики. 

С субтестом 10 (“Сложение фигур”) успешно 
справились 84,6 и 83,8% детей 6-7 лет, соот-
ветственно.

Результаты выполнения заданий субтеста 10 
(“Сложение фигур”) у детей с СДВГ лучше, чем 
субтеста 9 (“Кубики Кооса”) и находятся на верх-
ней границе нормативных значений. В основе 
выполнения субтеста 10 (“Сложение фигур”) 
ведущим является непосредственно зрительно-
пространственное восприятие (требуется быстро 
определить целое и соотношение его частей). 
Расхождение оценок в субтестах 9 и 10 (“Кубики 
Кооса” и “Сложение фигур”) по всей вероятности, 
свидетельствует о преимущественном развитии 
или недостаточности (несформированности) 
одного из указанных компонентов зрительно-
пространственной деятельности. 

Таким образом, у детей с СДВГ выявлены 

трудности при решении перцептивных задач, 
обусловленные как дефицитом зрительно-
пространственных функций, так и несформи-
рованностью регуляторных компонентов по-
знавательной деятельности. 

Сравнение результатов интегральных показате-
лей выявило, что достоверных различий между 
группами нет и нет детей, чьи результаты были 
ниже границы нормативных значений. Высокие 
результаты по ВИП выявлены у 42,3% и 45,9% 
ребят соответственно. Больше половины детей 6-7 
лет имеют показатели НИП и ОИП коэффициентов 
интеллекта выше верхних нормативных значений 
- 61,5%, 70,3% и 78,4%.

Индивидуальные варианты структуры интел-
лекта детей 6-7 лет представлены на рис. 2 (А, 
Б). Сравнительный анализ индивидуальных 
вариантов интеллектуального профиля детей с 
СДВГ и контрольной группы свидетельствуют о 
вариативности результатов, которые могут быть 
как очень высокими, так и очень низкими. Из 
представленного на рис. 2(А) интеллектуального 
профиля видно, что показатели выполнения и 
вербальных и невербальных заданий у детей с 
СДВГ не только выше верхней границы норма-
тивных значений, но и выше показателей детей 
из контрольной группы. 

Рис. 2 (А). Показатели индивидуального варианта 
структуры интеллекта у детей 6-7 лет с СДВГ 
и контрольной группы

На рис. 2(Б) представлен интеллектуальный 
профиль с низкими и ниже нижней границы нор-
мативных значений показателями выполнения 
вербальных и невербальных субтестов. Следует 
отметить, что интеллектуальный профиль у детей 
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с низкими показателями результативности вы-
полнения заданий теста носит выраженную дис-
гармоничную направленность, что характеризует 
развитие когнитивных функций.

Рис. 2 (Б). Показатели индивидуального варианта 
структуры интеллекта у детей 6-7 лет с СДВГ 
и контрольной группы

Корреляционный анализ позволил получить до-
полнительные данные о внутренней структуре и 
связи отдельных показателей интеллекта между 
собой. Анализ коэффициентов корреляции сви-
детельствует о том, что теснота корреляционных 
связей по своей структуре и количеству значимых 
коэффициентов корреляций качественно отличает-
ся в исследуемых группах. В контрольной группе 
корреляционное взаимодействие вербальных и 
невербальных субтестов по числу образованных, 
статистически значимых связей почти в два раза 
выше (70), чем в группе детей с СДВГ (44).

На рисунке 3 (А, Б) представлена структура 
взаимосвязей внутри вербальных компонентов 
интеллекта у детей 6-7 лет с признаками СДВГ и 
у детей контрольной группы. 

У детей контрольной группы (рис.3А) наибольшее 
количество корреляционных связей имеют суб-
тесты 1, 2, 4 и 5 («Осведомленность», «Понятли-
вость», «Сходство» и «Словарь», r = 0,320 ÷ 0,729). 
Успешное выполнение заданий этих субтестов, по-
видимому, зависит от степени сформированности 
вербально-логического и абстрактного мышлений, 
долговременной слухо-речевой памяти, уровня 
речевого развития и способности к построению раз-
вернутого высказывания, умения обобщать, анализи-
ровать, синтезировать и оперировать понятиями.

У детей с признаками СДВГ (рис. 3Б) фокус 
связей приходится на субтесты 1, 3 и 6 («Осве-
домленность», «Арифметика» и «Повторение 
цифр», r = 0,537 ÷0,864). Общими компонентами 
психофизиологической структуры этих субтестов 
являются произвольная организация и регуляция 
деятельности, долговременная и кратковременная 
рабочая память, сформированность механизмов 
вербально-мнестической деятельности, а так-
же зрительно-пространственное восприятие и 
зрительно-речевая память (объем и умение опе-
рировать вербальной информаций (общий запас 
сведений и знаний)).

Рис. 3 (А, Б). Взаимодействие внутри вербальной 
структуры интеллекта у детей 6-7 лет контроль-
ной группы (А) и детей с признаками СДВГ (Б)

Таким образом, как видно из рис. 3 (А и Б) внутри 
вербальной составляющей интеллекта структура 
корреляционных связей, а следовательно и воз-
можность поддержания недостаточно сформи-
рованных (звеньев) компонентов интеллекта у 
детей двух групп существенно отличаются по 
значимости и количеству: у детей контрольной 
группы на первое место (фокус связей) выходит 
речевое опосредование психической деятельности 
(субтесты 1 «Осведомленность», 2 «Понятли-
вость», 4 «Сходство» и 5 «Словарь»), а у детей с 
СДВГ - зрительно-пространственное восприятие 
(субтесты 1 «Осведомленность», 3 «Арифметика» 
и 6 «Повторение цифр») произвольное внимание 
и произвольная регуляция и организация деятель-
ности, т.к. именно эти компоненты психофизио-
логической структуры интеллекта обеспечивают 
их успешное выполнение.

На рисунке 4 (А и Б) представлена структура 
взаимосвязей внутри невербальных компонентов 
интеллекта у детей 6-7 лет с признаками СДВГ 
и детей контрольной группы (без признаков 
СДВГ). 

А Б
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Рис. 4 (А,Б). Взаимодействие внутри невербаль-
ной структуры интеллекта у детей 6-7 лет 
контрольной группы (А) и детей с признаками 
СДВГ (Б)

Многочисленные литературные источники [1,8,10] 
и наши многолетние исследования структуры 
интеллекта свидетельствуют о том, что у детей 
6-7 лет невербальный интеллект служит базой 
для развития интеллекта и имеет менее жесткую 
структуру (по сравнению с вербальным), со-
держащую более независимые характеристики 
[5]. Видимо, это связано с тем, что в онтогенезе 
невербальные функции активно формируются в 
дошкольный период и к моменту поступления в 
школу (6-7 лет) являются наиболее зрелыми [2]. 
У детей контрольной группы их взаимодействие 
между собой выше, чем у детей с признаками 
СДВГ.

У детей 6-7 лет без признаков СДВГ (рис. 4А) фо-
кус связей среди невербальных задач приходится 
на субтесты 8, 9 и 10 («Последовательные картин-
ки», «Кубики Кооса» и «Сложение фигур»), в пси-
хофизиологической структуре которых ведущими 
являются произвольное (зрительное) внимание и 
произвольная организация и регуляция деятель-
ности, зрительно-пространственное восприятие 
и пространственный анализ и синтез, наглядно-
образное и вербально-логическое мышление.

В группе детей с признаками СДВГ (рис. 4Б) суб-
тесты 8, 9 и 10 («Последовательные картинки», 
«Кубики Кооса» и «Сложение фигур») также вы-
ступают на первый план. 

Таким образом, для успешного решения перцеп-
тивных задач необходимы не только сформирован-
ное пространственное восприятие, но и психофи-
зиологическая зрелость структурных компонентов 
организации деятельности и процессов, обеспечи-
вающих произвольность саморегуляции.

На рисунке 5 (А и Б) представлена структура взаимо-
связей между вербальными и невербальными 
компонентами интеллекта у детей 6-7 лет с при-
знаками СДВГ и детей контрольной группы (без 
признаков СДВГ). 

Рис. 5 (А, Б). Взаимодействие между вербальной 
и невербальной структурами интеллекта у детей 
6-7 лет контрольной группы (А) и с признаками 
СДВГ (Б)

Как видно из рисунка 5 (А), у детей контроль-
ной группы четыре вербальных субтеста – 1, 
2, 3 и 4 («Осведомленность», «Понятливость», 
«Арифметика» и «Сходство») – наиболее тесно 
коррелируют с невербальными субтестами 7, 8, 
9 и 10 («Недостающие детали », «Последова-
тельные картинки», «Кубики Кооса» и «Сложе-
ние фигур»), при этом фокус связей приходится 
на субтесты 3, 4, 7 и 10 («Арифметика», «Сход-
ство», «Недостающие детали» и «Сложение 
фигур»). Вербальный субтест 5 («Словарь») 
коррелирует с невербальным субтестом 7 («Не-
достающие детали»), а субтест 6 («Повторение 
цифр») с субтестами 10 и 11 («Сложение фигур» 
и «Кодирование»).

Взаимосвязь этих вербальных и невербальных 
субтестов определяется общими психофизио-
логическими компонентами. Развитие импрес-
сивной речи, понимание логико-грамматических 
конструкций и временных отношений, опреде-
ляют успешное выполнение заданий субтестов 7 
и 8 («Недостающие детали» и «Последователь-
ные картинки»), а обобщенное представление 
о пространстве необходимо для вербально-
мнестической деятельности и формирования 
понятия числа – субтесты 3 и 10 («Арифметика» 
и «Сложение фигур»). Это дает основания счи-

А Б
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тать, что успешное решение перцептивных за-
дач также зависит и от регулирующей функции 
внутренней речи.

Различные структурные компоненты и свойства 
внимания, входящие в состав и объединяющие 
субтесты 6, 10 и 11 («Повторение цифр», «Сло-
жение фигур» и «Кодирование»), объясняют их 
корреляционное взаимодействие.

Можно предположить, что тесное взаимодействие 
вербальных и невербальных структур интеллекта 
у детей контрольной группы связано с сфор-
мированностью регулирующей функции речи. 
В то же время, изучение процесса становления 
регулирующей роли речи показало, что правиль-
ное понимание и воспроизведение вербальной 
инструкции необходимо сопровождать организа-
цией ориентировки в материале (дополнительные 
опоры), с которым предстоит действовать детям. 
Речь становится регулятором действия не сама по 
себе, а только во взаимодействии с практическим 
действием [1,9].

Данные настоящего исследования согласуются 
с полученными нами результатами при анализе 
структуры интеллекта у детей 6-7 лет с разной 
успешностью обучения.

У детей с признаками СДВГ (рис. 5Б) корреляци-
онное взаимодействие между вербальной и не-
вербальной структурами интеллекта существенно 
ниже по количеству значимых коэффициентов 
корреляции и возможности поддержания менее 
сформированных функций за счет более зрелых. 

Таким образом, анализ корреляционного 
взаимодействия между вербальной и невер-
бальной структурами интеллекта показал, что 
для детей контрольной группы характерны 
достаточно высокий уровень сформирован-
ности вербально-логического мышления и 
зрительно-пространственного восприятия, 
сформированность структурных компонентов 
организации деятельности и процессов, обе-
спечивающих произвольность саморегуляции, 
а для детей с признаками СДВГ - недостаточ-
ный уровень сформированности зрительно-
пространственного восприятия, произвольного 
внимания и произвольной организации и регу-
ляции деятельности. 

Выводы
1. Психофизиологическая структура интеллекта 
детей 6-7 лет с СДВГ, характеризуется выражен-
ной дисгармоничностью развития познаватель-
ных функций и низким уровнем взаимосвязи 
компонентов, составляющих основу вербального 
и невербального интеллекта, при доминировании 
невербальной составляющей.
 2. Психофизиологическая структура интеллекта 
детей контрольной группы 6-7 лет характеризуется 
достаточно высоким для возраста уровнем сфор-
мированности познавательных функций и тесным 
взаимодействием вербального и невербального 
компонентов. 
3. Психофизиологическая структура интеллекта 
детей 6-7 лет с СДВГ характеризуется недоста-
точным уровнем сформированности зрительно-
пространственного восприятия и произвольной 
регуляции и организации деятельности и более 
низким уровнем взаимосвязей вербального и не-
вербального компонентов.
4. Достоверно более низкие ВИП и НИП у детей 
с СДВГ связаны с дефицитом организации внима-
ния и произвольной регуляции деятельности при 
сохранности операциональной структуры различ-
ных видов познавательной деятельности. Очень 
низкие показатели выполнения всех вербальных 
субтестов отмечены у детей с комбинированным 
типом СДВГ, у которых выявлены гиперактив-
ность, невнимательность и импульсивность.
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SUMMARY

PSYCHOPHYSIOLOGICAL STRUCTURE OF 
VERBAL AND NONVERBAL INTELLECT IN 
6-7 YEAR OLD CHILDREN WITH Attention-
Deficit Hyperactivity Disorder

Bezrukikh M., Loginova E.

Institute of Developmental Physiology of Russian 
Academy of Education, Moscow, Russia

Wechsler test revealed the peculiarities of intellec-
tual development of children with Attention-Deficit 
Hyperactivity Disorder (ADHD). It is shown that 
the psychophysiological structure of intelligence in 
6-7 year old children without any signs of ADHD 

is characterized by a high level of development 
and close interaction between verbal and nonverbal 
components. Their peers with ADHD demonstrate 
an insufficient level of development of visual-spa-
tial perception, voluntary activity organization and 
regulation, and a lower level of interaction between 
verbal and nonverbal components. Significant differ-
ences between verbal and nonverbal integral indices 
are the evidence of the deficit in voluntary attention 
and voluntary regulation and in the integrity of op-
erational cognitive structures.

Key words: Attention-Deficit Hyperactivity Dis-
order, psychophysiology, intellect, ADHD chil-
dren. 

РЕЗЮМЕ

ПСИХОФИЗИОЛОГИЧЕСКАЯ СТРУКТУРА 
ВЕРБАЛЬНОГО И НЕВЕРБАЛЬНОГО ИН-
ТЕЛЛЕКТА ДЕТЕЙ 6-7 ЛЕТ С СИНДРОМОМ 
ДЕФИЦИТА ВНИМАНИЯ И ГИПЕРАКТИВ-
НОСТИ

Безруких М.М., Логинова Е.С.

Российская академия образования, Институт 
возрастной физиологии, Москва, Россия

Для выявления особенностей интеллектуального 
развития у детей с признаками синдрома дефицита 
внимания и гиперактивности (СДВГ) и детей кон-
трольной группы был использован тест Векслера. 
Показано, что психофизиологическая структура 
интеллекта детей контрольной группы 6-7 лет 
характеризуется высоким уровнем сформирован-
ности и тесным взаимодействием вербального и 
невербального компонентов. Психофизиологиче-
ская структура интеллекта детей 6-7 лет с СДВГ, 
по сравнению с контрольной группой, характе-
ризуется недостаточным уровнем сформирован-
ности зрительно-пространственного восприятия и 
произвольной организации и регуляции деятель-
ности и более низким уровнем взаимосвязей вер-
бального и невербального компонентов. Значимые 
различия, между интегральными вербальными 
и невербальными интегральными показателями 
также свидетельствуют о дефиците произвольного 
внимания и произвольной регуляции деятельности 
и сохранности операциональной структуры раз-
ных видов познавательной деятельности.
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reziume

yuradRebis deficitisa da hiperaqtivo-
bis mqone 6-7  wlis bavSvebis verbaluri 
da araverbaluri inteleqtis fsiqo-
fiziologiuri struqtura

m. bezrukix, e. loginova

ruseTis ganaTlebis akademiis asakobrivi 
fiziologiis instituti, moskovi

yuradRebis deficitisa da hiperaqtivo-
bis niSnebis mqone 6-7  wlis bavSvebsa da 
sakontrolo jgufSi inteleqtualuri 
ganviTarebis Taviseburebebis dasadgenad 
gamoyenebuli iqna veqsleris testi. naCve-
nebia, rom sakontrolo jgufis 6-7  wlis 
bavSvebSi inteleqtis fsiqo-fiziologi-

uri struqtura xasiaTdeba verbaluri 
da araverbaluri komponentebis Camoya-
libebisa da urTierTqmedebis maRali 
doniT. 6-7  wlis bavSvebSi yuradRebis 
deficitiTa da hiperaqtivobiT, sakon-
trolo jgufTan SedarebiT, inteleq-
tis fsiqofiziologiuri struqtura 
xasiaTdeba mxedvelobiTi sivrciTi da 
saqmianobis nebelobiTi organizaciisa 
da regulaciis arasakmarisi Camoya-
libebiT. aseve aRiniSneba verbaluri 
da araverbaluri komponentebis urTi-
erTkavSirebis ufro dabali done. 
verbalur da araverbalur integralur 
maCveneblebs Soris arsebiTi cvlilebebi 
mowmobs nebelobiTi yuradRebis, aqtivo-
bis regulaciisa da sxvadasxva saxis 
SemecnebiTi saqmianobis operaciuli Se-
naxulobis deficitze. 

БИОХИМИЧЕСКИЕ ИЗМЕНЕНИЯ КРОВИ ПРИ РАННЕЙ МАТЕРИНСКОЙ 
ДЕПРИВАЦИИ У ДЕТЕЙ И ИХ ВЛИЯНИЕ НА СТАНОВЛЕНИЕ 

ЭМОЦИОНАЛЬНОГО СТАТУСА РЕБЕНКА

Гогберашвили К.Я., Гагошидзе М.В., Пагава К.И.

Тбилисский государственный медицинский университет, департамент педиатрии, Грузия

Установлено, что недостаток материнской ласки, 
редкое общение с матерью с раннего возраста 
является одним из глубоких стрессовых воз-
действии на психику ребенка и чаще всего вы-
зывает состояние психической депривации [4]. 
По данным Amy F.T. Arnsten [7] стрессогенное 
воздействие на ребенка в раннем возрасте вы-
зывает изменения архитектоники и структуры 
кортикальной части мозга. Nim Tottenham, 
Todd A. Hare, Brian T. Quinn, et al. [15] уста-
новили нейробиологические и поведенческие 
нарушения у детей страдающих материнской 
депривацией. Aniko Korosi &Tallie Z. Baram [6] 

выявили, что материнская депривация с ранне-
го детства ведет к становлению неустойчивой 
психики, формированию неправильного от-
вета на стрессовые воздействия, проявляясь и 
во взрослом возрасте. Имеются литературные 
данные об изменениях содержания нейротранс-
смитеров и кортизола в крови детей с материн-
ской депривацией [9,10,12]. Ранняя материнская 
депривация вызывает нарушение адаптационных 
возможностей нервной деятельности и стратегии 
поведения, проявляясь в неадекватном поведении 
и снижении умственных возможностей при со-
зревании организма [4]. 
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Нами установлена [2,5] дискоординация дофа-
минергической и симпатоадреналовой систем 
при непрерывной и прерывистой материнской 
сепарации у маленьких крысят, что проявляется 
в нарушениях поведенческих реакций во всех 
возрастных диапазонах. В литературе имеются 
данные об изменениях содержания серотонина 
в структурах мозга у животных с материнской 
депривацией, что проявляется в агрессии, склон-
ности к алкоголю [12]. Опубликованы данные 
о влиянии ранней материнской депривации на 
структурные изменения и деградирующие про-
цессы в головном мозге среди животных [14,15]. 

В настоящем исследовании была поставлена 
цель определить влияние ранней материнской 
депривации на становление симпатоадрена-
ловой и дофаминергической регуляции мозга 
среди детей раннего возраста и последующие 
эмоциональные проявления в дошкольном воз-
расте.

Материал и методы. Исследования проведены в 
Доме младенца г. Тбилиси. Основную группу со-
ставили 42 клинически здоровых детей в возрасте 
от 6 до 36 месяцев. В контрольную группу вош-
ли здоровые дети той же возрастной группы 
от нескольких специализированных приютов 
г. Тбилиси, где жили матери-одиночки со своими 
детьми, т.е. дети с рождения росли со своими ма-
терями. Протокол исследования был утвержден 
локальным этическим комитетом.

Исследовались состояние здоровья детей, их раз-
витие, наличие какой-либо врожденной патологии, 
острых инфекционных заболеваний в период ис-
следования, тип вскармливания (в контрольную 
группу вошли дети, которые находились на ис-
скуственном вскармливании). В крови избранной 
когорты здоровых детей исследовались содер-
жание норэпинефрина, дофамина и серотонина. 
Исследования проведены в Республиканском 
научно-исследовательском центре медицинской 
биофизики и внедрения новых биомедицинских 
технологий им. Н.В. Карсанова. При обработке 
результатов использовали программу “STAT Soft”, 
достоверность различий – при p<0,05. 

Для выявления эмоционального статуса детей 
использовали 8-цветовой «Малый Тест» Люшера 
[3]. В основе разработанной Люшером методики 
лежит теория так называемой функциональной 

психологии, основой которой является гипотеза 
о различной психологической значимости для 
поведения человека ряда цветов. Работа с тестом 
заключается в последовательной раскладке ис-
следуемым лицом всего набора восьмицветовых 
карточек. Следовательно, на один конец ряда попа-
дает наиболее предпочитаемый цвет, а на противо-
положный конец – наименее предпочитаемый. 
Интерпретация цветовых раскладок базируется на 
том, что каждый цвет, как известно, имеет свою 
психологическую структуру и является призна-
ком определенных поведенческих характеристик 
человека. Другой основой для интерпретации 
цветовых раскладок служит место (позиция) цвета 
в раскладке, которое характеризует отношение 
человека к тому или иному цвету (функция цвета). 
Этот параметр позволяет определить личностные 
характеристики человека – манеру поведения, эмо-
циональную или мотивационную цель поведения 
и т.д. Автор теста все цвета разделяет на основ-
ные (темно-синий, зеленый, красный, желтый) и 
вспомогательные (пурпурный или фиолетовый, 
коричневый, черный, серый). Для здорового 
нормально развитого индивида характерно, что 
на первых местах обычно стоят основные цвета. 
В том случае, если на одной из трех первых по-
зиций находится какой-либо вспомогательный 
цвет, можно судить о состоянии напряженности, 
тревожности в самочувствии человека. По мето-
дике Люшера в зависимости от позиции дополни-
тельного или основного цвета присваивается балл 
в 12-бальной шкале. От 0 баллов – отсутствие или 
несущественная тревожность до 12 баллов – очень 
высокая тревожность.

Цветовой тест проводили в Цхнетском Доме ре-
бенка среди здоровых детей в возрасте от 4 до 6 
лет, которые в возрасте 3 лет былы переправлены 
из Тбилисского Дома младенца. Контрольную 
группу составили здоровые дети того же воз-
раста из детских садов г. Тбилиси. Разрешение 
на проведение исследования было получено от 
Министерства образования Грузии. 

Результаты и их обсуждение. В крови депри-
вированных детей выявлено достоверно низкое 
содержание серотонина во всех возрастных 
диапазонах. Самое значимое различие обна-
ружено в возрасте до года, когда содержание 
серотонина было самое высокое в контрольной 
группе (265,2±26,2нмоль/л), но держалось на до-
вольно низком уровне у депривированных детей 
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(152,2±2,9 нмоль/л). С 1 до 2 летнего возраста 
концентрация серотонина несколько снижалась в 
обеих исследуемых группах, а с 2 летнего возраста 
отмечалась тенденция его повышения, хотя кон-
центрация оставалась достоверно низкой в группе 
депривированных детей (диаграмма 1).

Диаграмма 1. Содержание серотонина (нмоль/л) 
в крови детей с материнской депривацией

С другой стороны, содержание норэпинефрина 
было достоверно высоким у депривированных де-
тей по сравнению с контрольной группой во всех 
возрастных диапазонах, особенно в возрастной 
группе от 1 до 2 лет (2,07±0,8мкг/л, по сравнению 
с контрольной группой – 1,27±0,1мкг/л). Содер-
жание же дофамина была достоверно низким в 
первой возрастной группе по сравнению с кон-
тролем. С возрастом детей содержание дофамина 
снижалось как в основных, так и в контрольных 
группах, но более интенсивное снижение кон-
цетрации дофамина отмечалось в крови детей 
контрольной группы (диаграмма 2).

Диаграмма 2. Содержание норэпинефрина (мкг/л) 
и дофамина (мкг/л) и их соотношение (норэпинеф-
рин/дофамин) в крови депривированных детей 

Такой же дисбаланс между содержанием норэпи-
нефрина и дофамина мы отметили в эксперименте 
с депривированными крысятями [2,5], что указы-
вает на процессы дисрегуляции и функциональных 

расстройств в гипоталамо-гипофизарной системе 
при материнской депривации как среди животных, 
так и среди людей. Как мы установили и на что 
указывает множество экспериментальных данных 
[7,8,12], в основе наблюдаемых в условиях мате-
ринской депривации поведенческих нарушений 
крысят лежит дискоординация дофаминергиче-
ской и симпатоадреналовой систем. 

Для определения психического состояния детей, 
мотивации поведения, основы поведенческих 
нарушений был проведен «Малый восьмицве-
товый Тест Люшера». В результате цветового 
теста 20,5% детей из детдома выявили высокую 
тревожность, 10,8% очень высокую тревожность, 
а у 38% депривированных детей был выявлен 
низкий уровень тревожности. В контрольной же 
группе очень высокую тревожность определили у 
3% детей, высокую тревожность – у 20,6% детей, 
а у 59% была выявлена очень низкая тревожность, 
или вообще не было признаков тревожности. 

Общеизвестно о роли серотонина в поведении. 
Это биологически активное вещество ответствено 
за расслабление, покой, положительные эмоции. 
При депрессивном расстройстве отмечается 
дефицит этого вещества. В психосоматической 
сфере имеет значение дисбаланс между норадре-
нергической и серотонинергической системами 
[1]. По данным Currier and Mann [6], Ichise et al. 
[11] при ранних стрессовых воздействиях слабеет 
серотонинергическая функция мозга, связываю-
щая потенциал серотонинергических рецепторов 
мозга [13], что способствует возникновению 
психопатологического состояния и проявлению 
агрессивного и суицидального поведения уже в 
поздние возрастные периоды. 

Норадреналин выполняет активирующую функ-
цию в головном мозге. При активации норадреналин-
ергической функции мозга улучшаются внимание, 
концентрация и состояние бодрствования. Отмеча-
ется так же косвенное влияние на эмоционально и 
мотивационно детермированное поведение. 

Дофамин регулирует целенаправленное поведение. 
Эффективность антидепресантов сопровождается 
повышенной дофаминергической активностью. 
Доказано, что активация дофаминергической и 
норадреналинергической систем формирует эмо-
ционально положительные состояния [6]. 
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Результаты нашего исследования выявили дис-
баланс между функционированием норэпинефри-
нергической и дофаминергической систем мозга 
у депривированных детей. Высокая концентрация 
норэпинефрина, несоответственно низкий уро-
вень дофамина и низкое содержание серотонина 
в крови детей из детского дома указывают на 
регуляционные и функциональные нарушения 
гипоталамо-гипофизарной системы мозга. 

Выявленные нами нарушения эмоционального 
статуса детей из детдома (высокий процент детей 
с высоким уровнем тревожности) по сравнению 
с детьми растущими в семейной обстановке яв-
ляются следствием функциональных нарушений 
центральной нервной системы с раннего возрас-
та, когда еще не закончено и продолжается ее 
формирование. 

Эмоциональность и преобладание положительных 
эмоций - характерная черта для нормального 
ребенка. Эмоциональность помогает ребенку 
адаптироваться в окружающей среде. В этом ему 
помогает мать и близкие ему люди. Недостаток 
таких контактов с раннего детства способствует 
возникновению психоэмоциональной деприва-
ции, что со своей стороны влияет на нормальное 
формирование нейроэндокринной регуляции 
еще несформированных структур центральной 
нервной системы. В дальнейшем формируется 
поведенческий тип депривированного ребенка, 
который отличается от поведения ребенка из 
семьи. Этому способствует окружающая среда, 
где растет ребенок и чем дольше ребенок будет 
жить в институциях (детские дома, приюты), тем 
глубже будут нарушения (психосоциальные) и 
тем тяжелее будут последствия как для самого 
ребенка, так и для общества [7,10,12,15]. 

В заключение можно отметить, что ранняя 
материнская депривация вызывает глубокие 
нейроэндокринные регуляторные нарушения в 
гипоталамо-гипофизарной системе, что влияет на 
эмоциональное состояние и поведение ребенка в 
поздние возрастные периоды. Чем дольше ребенок 
страдает от недостатка эмоциональных стимулов, 
от психической (материнской) депривации, тем 
глубже психические нарушения, что выражается 
в психопатологическом поведении (агрессивность, 
суицид, депрессия).
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SUMMARY

BLOOD BIOCHEMICAL CHANGES IN MA-
TERNALLY DEPRIVED CHILDREN AND 
THEIR EMOTIONAL STATUS

Gogberashvili K., Gagoshidze M., Pagava K.

Tbilisi State Medical University, Department of Pe-
diatrics, Georgia

Environmental rearing conditions during the neona-
tal period are critical for the establishment of neuro-
biological factors controlling behavior and stress re-
sponsiveness. Early maternal deprivation in animals 
consisting of a single 24-h maternal deprivation 
episode during early neonatal life has been proposed 
as an animal model for certain psychopathologies 
including anxiety, depression and schizophrenic-
related disorders. The aim of the present research 
was to show the mechanisms how the early mater-
nal deprivation in humans influences the emotional 
status of children. To understand the effects of early 
deprivation on the regulation of the hypothalamic-
pituitary-adrenal axis of children following social in-
teractions, we examined the blood neurotransmitters 
levels (Norepinefrin NA; Dofamin DF; Serotonin 
SE) in a group of healthy institutionalized children at 
age from 6 to 36 months from Tbilisi Infant’s House. 
A group of healthy children of the same age from 
Mother & child shelters formed the control group. 
Emotional status was assessed by Leusher’s Color 
Test in a group of healthy institutionalized children 
at age from 3 to 6 years from Tskneti Orphanage. 

Institutionalized children showed elevations in blood 
NE and decreased SE and DF concentrations in 
comparison with non deprived children’s blood. The 
higher was percentage of children with high level of 
anxiety in the group of children from orphanage than 
in the children with family care. 

The results suggest that early maternal deprivation 
may contribute to long-term regulatory problems 
of the stress-responsive system that may be re-
sulted in altered emotionality and behavior in de-
prived children.

Key words: maternal deprivation syndrome, emo-
tional status of children, stress-responsive system, 
hypothalamic-pituitary-adrenal axis, blood neu-
rotransmitters. 

РЕЗЮМЕ

БИОХИМИЧЕСКИЕ ИЗМЕНЕНИЯ КРОВИ 
ПРИ РАННЕЙ МАТЕРИНСКОЙ ДЕПРИВА-
ЦИИ У ДЕТЕЙ И ИХ ВЛИЯНИЕ НА СТАНОВ-
ЛЕНИЕ ЭМОЦИОНАЛЬНОГО СТАТУСА 
РЕБЕНКА

Гогберашвили К.Я., Гагошидзе М.В., 
Пагава К.И. 

Тбилисский государственный медицинский уни-
верситет, департамент педиатрии, Грузия

Цель работы - исследование влияния ранней 
материнской депривации на становление симпа-
тоадреналовой и дофаминергической регуляции 
мозга детей раннего возраста и последующие 
эмоциональные проявления. 

Исследования проведены в Доме младенца 
г.Тбилиси на 42 клинически здоровых детях в 
возрасте от 6 до 36 месяцев. В крови избранной 
когорты здоровых депривированных детей иссле-
довались содержание норэпинефрина, дофамина и 
серотонина. Для выявления эмоционального ста-
туса детей использовали восьмицветовой «Малый 
Тест» Люшера. 

В крови депривированных детей выявлено до-
стоверно низкое содержание серотонина во всех 
возрастных диапазонах. Содержание норэпинеф-
рина было достоверно высоким, а концентрация 
дофамина достоверно низкой в первой возрастной 
группе депривированных детей по сравнению с 
контролем. С возрастом содержание дофамина в 
крови снижалось, несмотря на высокий уровень 
норэпинефрина. В результате цветового теста у 
20,5% детей из детдома выявлена высокая тревож-
ность, у 10,8% - очень высокая тревожность. 
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Таким образом, ранняя материнская депривация 
вызывает глубокие нейроэндокринные регуля-
торные нарушения в гипоталамо-гипофизарной 
системе, что влияет на эмоциональное состояние и 
поведение детей в поздние возрастные периоды.

reziume

sisxlis bioqimiuri cvlilebebi dedis 
mzrunvelobis adreuli deficitis pi-
robebSi da maTi gavlena bavSvis emoci-
uri statusis CamoyalibebaSi

q. gogberaSvili, m. gagoSiZe,  y. faRava

Tbilisis saxelmwifo samedicino uni-
versiteti, pediatriis departamenti, 
saqarTvelo

Sromis mizans warmoadgenda bavSvis 
hipoTalamo-hipofizuri sistemis regu-
laciuri funqciis formirebaze dedis 
deficitis gavlenis Seswavla adreul 
asakSi da bavSvebis mogvianebiTi emociu-
ri gamovlinebebi. 

kvleva Catarebul iqna Tbilisis Cvil 
bavSvTa saxlis bazaze 3-6 Tvemde asakis 
janmrTel bavSvebSi, romlebic dabadebi-
dan Cabarebuli iyvnen bavSvTa saxlSi. 
sakontrolo jgufi Seadgina igive asakis 
janmrTelma bavSvebma dedaTa da CvilTa 

TavSesafrebidan, sadac bavSvebi cxov-
robdnen dedebTan erTad. maT sisxlSi 
gamokvleul iqna norepinefrinis, sero-
toninisa da dofaminis koncentracia. 
adreuli asakis deprivirebuli bavSvebis 
emociuri statusi Sefasebul iqna lu-
Seris feradi testiT wyneTis bavSvTa 
saxlis 3-6 wlamde asakis aRsazrdelebs 
Soris. sakontrolo jgufi Seadgina 
Tbilisis sxvadsxva baga-baRis igive asa-
kobrivi jgufis aRsazrdelebma. 

Catarebuli kvlevis Sedegad gamovlinda 
norepinefrinis sarwmunod maRali maCve-
nebeli deprivirebuli bavSvebis sisxlSi 
kontrolTan SedarebiT, maSin rodesac 
dofaminis koncentracia sarwmunod 
dabali iyo da asakis matebasTan erTad 
ganagrZobda klebas. serotoninis maCve-
nebeli deprivirebuli bavSvebis yvela 
asakobriv jgufSi sarwmunod dabali 
iyo kontrolTan SedarebiT. Sesabamisad, 
deprivirebuli bavSvebis 20,5% aReniSna 
maRali, xolo 10,8% - Zalian maRali 
SfoTva. 

amgvarad, adreuli asakidan dedis defi-
citi iwvevs Rrma neiroendokrinul 
regulaciur darRvevebs bavSvis tvinis 
hipoTalamo-hipofizur sistemaSi, rac 
maTi emociuri statusis SecvliT vlin-
deba.
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Skeletal dysplasias caused by mutations in the fi-
broblast growth factor receptor 3-gene (FGFR3) 
include hypochondroplasia, the heterozygous and 
homozygous form of achondroplasia, and thanato-
phoric dysplasia type I and II [7]. With an incidence 
of 1:25.000 –1.5:10.000/births, achondroplasia is the 
most common form of disproportionate dwarfism 
characterised by osteochondrodysplasia by disturbed 
endochondral ossification. The pattern of inheritance 
is autosomal dominant [24].

In 1994, a specific mutation in the fibroblast growth 
factor receptor 3-gene was identified as the cause 
for achondroplasia [7]. Furthermore, several FGFR3 
mutations have been detected in patients with hypo-
chondroplasia and thanatophoric dysplasia type I, 
whereas only one mutation has been shown to cause 
thanatophoric dysplasia type II [7].

In comparison to the general population, children 
with skeletal dysplasias caused by FGFR3 mutations 
represent a subpopulation with an increased preva-
lence of sleep-related respiratory disturbances (SRD) 
[3-5,8,10,12,13,16-18,21,24] and with an increased 
mortality rate [6,12,20].

We report our experiences with these patients concerning 
polysomnographic evaluation and management of SRD.

Material and methods. From January 1990 to Janu-
ary 2009, we performed a semi-structured interview, 
a clinical examination, and a polysomnographic sleep 
recording (PSG) in 24 patients with skeletal dysplasias 
caused by FGFR3 mutations (22 achondroplasia, 2 
hypochondroplasia; 13 boys, 11 girls; age 8 days to 
15 years, median age 3.0 years). We performed 65 
polysomnographic sleep recordings in 24 patients 
including follow-up PSG in 9/24 patients. Informed 
consent was obtained from all parents. All patients 
underwent overnight 12-channel polysomnography 
recording, an electro-encephalogram (2 channels), an 
electrooculogram (2 channels), a submental electro-

myogram, an electrocardiogram, chest wall motion, 
abdominal wall motion, nasal-oral airflow, arterial 
oxygen saturation by pulse oximetry, transcutaneous 
pO2, transcutaneous pCO2, and a video recording. 
All signals were recorded simultaneously and stored 
using the BRAINLAB 4 polysomnography system 
(DiaMedic-Schwarzer, Unna, Germany). The poly-
somnographic recording techniques and the refer-
ence values for the different age groups have been 
described in detail elsewhere [9,15,22]. Data were 
presented as median and interquartile range. The 
polysomnographic data of the children with achon-
droplasia were compared to the data of children, 
who had undergone PSG before and after adenoton-
silectomy (ATE) [14]. In a subgroup of patients with 
achondroplasia PSG was performed before and after 
ENT-surgery enabling us to compare these data. 
As polysomnographic parameters are not normally 
distributed, statistically significant differences were 
tested by the Whitney-Mann-U-Test. 

Results and their discussion. Case reports
Case report 1. The 12.8 year old boy, the youngest 
of eight children of a sinti family, was admitted to 
our hospital in a life-threatening condition. He had 
been suffering from daytime somnolence, attention 
and concentration problems, and morning headaches 
for several months. The parents had noticed snoring, 
mouth breathing, labored breathing, and excessive 
sweating while sleeping. Lately, he had only been 
able to sleep in the sitting position or in the knee-
elbow position. Furthermore, repeated cyanotic at-
tacks while sleeping and apneas had been observed. 
The boy was obese (weight 52.4 kg; length 112 
cm). The ECG showed signs of right ventricular 
hypertrophy and repolarization disturbances. The 
echocardiogram showed concentric hypertrophy 
of the myocardium and signs of pulmonary hy-
pertension. Due to severe respiratory acidosis, the 
boy was intubated and mechanically ventilated. 
After undergoing adenoidectomy (AT), a severe 
obstructive sleep apnea syndrome (OSAS) was still 

DIAGNOSTICS AND MANAGEMENT OF SLEEP-RELATED RESPIRATORY 
DISTURBANCES IN CHILDREN WITH SKELETAL DYSPLASIA 

CAUSED BY FGFR3 MUTATIONS 
(ACHONDROPLASIA AND HYPOCHONDROPLASIA)

Schlüter B, De Sousa G, Trowitzsch E, Andler W.

Schlaflabor der Vestischen Kinder- und Jugendklinik Datteln, Universität Witten /Herdecke
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evident in PSG (Fig. 1). Nasal bilevel positive air-
way pressure (BiPAP) therapy (pressure: inspiratory 
12 hPa; exspiratory 8 hPa; bilevel positive airway 
pressure) led to normalisation of the respiratory 

situation during sleep. Cranial magnetic resonance 
imaging revealed pathologic findings in the area 
of the brain stem (Fig. 2) and the cervical spinal 
cord (Fig. 3).

Fig. 1. Episode of 30 minutes duration from a polysomnographic sleep recording of a 12.8-year-old 
achondroplastic boy (case report 1). At the time point A the NCPAP-therapy was discontinued for 14 minutes 

duration. This resulted in marked oxygen desaturation and hypercapnia (not shown in the figure) as well as an 
increase of heart rate as a consequence of obstructive sleep apneas. At the time point B NCPAP therapy 

was continued. At once, respiration, blood gases and heart rate were in the normal range

Fig. 2. Cranial magnetic resonance imaging of a 
12.8-year-old achondroplastic boy (case report 1) 
with compression of the brain stem. The measure of 
the Welcker angle (nasion – tuberculum sellae – ba-
sion angle) is 120° (normal value 135°) [2]

Fig. 3. Detail of the magnetic resonance imaging (case 
report 1) showing marked thinning and fibrosis of the 
cervical medulla
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Case report 2
The patient (female) was treated in our institution 
for 8.6 years (table 1). A decompression operation at 
the age of 9 months, a liquor drainage at the age of 9 
months, and an ATE at the age of 3.2 years had not 

been successful in treating OSAS. Therefore, nasal 
continuous positive airway pressure (CPAP) therapy 
(pressure: 5 to 8 hPa; continuous positive airway 
pressure) was performed for 7.8 years. At the age of 11.7 
years, we discontinued nasal CPAP therapy (table 1). 

Table 1. Long-term observation of a patient with achondroplasia

Age (years) Apnea-hypopnea index 
(n/hour)

Obstructive apneas 
(n/hour) remarks

3.1 113.2 89.1

state after decompres-
sion operation at the age 
of 9 months, subduro-

peritoneal shunt because 
of internal and external 

hydrocephalus

3.2 30.2 10.8 state after adenotonsillec-
tomy 6 days before

3.3 104.6 85.1 oxygen therapy*
3.7 89.8 74.1 oxygen therapy*
3.9 44.1 0 NCPAP, pressure 5 hPa 
3.9 31.9 0 NCPAP, pressure 6 hPa
4.8 19.7 0 NCPAP, pressure 5 hPa
5.5 16.6 0.1 NCPAP, pressure 5 hPa
5.5 18.5 0 NCPAP, pressure 8 hPa
11.5 2.7 0 NCPAP, pressure 8 hPa

11.7 2.2 0 spontaneous respiration 
without NCPAP

*- oxygen supplementation via funnel, controled by pulse oximetry

Series of cases 
This series of cases includes all children with skeletal 
dysplasia caused by FGFR3 mutations examined in 
the sleep laboratory of the Vestische Kinder- und 
Jugendklinik Datteln in the course of 20 years (Janu-
ary 1990 - January 2009). The clinical data are sum-

marised in table 2. The patients were 3.0 years old at 
first PSG (median 3.0; IQR 0.6 to 6.6 years; range 8 
days to 15.0 years). Anamnestic data are summarised 
in table 3. Susceptibility to infections with repeated 
infections of the upper and lower respiratory tract 
were found in 8/24 patients (33.3%). 

Table 2. Clinical data (*) (children with adenotonsilar hyperplasia [14] versus achondroplastic children)

children with 
adenotonsilar hyperplasia

children with 
achondroplasia

p
(U-test)

n 62 24
male/female 38/24 13/11 11
age (years) 4.5 (2-5.8) 3 (0.606.6) n.s.

gestational age
 (complete weeks) 40 (37-40) 40 (38-40) n.s.

birth weight (g) 3155 (2455-3550) 3420 (3100-3800) n.s.
actual weight (kg) 17 (11.5-23.5) 11.4 (7-20) n.s.
actual length (cm) 104 (89-120) 79 (66-102) <0.05

(*) median and interquartile range (in brackets)
n.s. = The difference is not statistically significant
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Table 3. Historical complaints and symptoms in 24 children with achondroplasia 
and hypochondroplasia compared with the general population

Complaint/Symptom
Achondroplasia General population

Remarks (author)
n/n % %

Daytime symptoms:
recurrent respiratory 
infections 8 out of 24 33.3 2-4 8-11 years [23]

tiredness 4 out of 24 16.7
3.7 1-6 years [11]

1-3 8-11 years [23]
concentration problems 3 out of 24 12.5 2.4 1-6 years [11]
morning headaches 1 out of 24 4.2 - -
Sleep-related symptoms: 
snoring (every 
sleep period) 17 out of 24 70.8 9.1 1-6 years [11]

excessive sweating 15 out of 24 62.5 6.4 1-6 years [11]
mouth breathing 13 out of 24 54.2 8.1 (daytime) 1-6 years [11]
observed apneas 7 out of 24 29.2 <1 0-6 months [19]
laboured breathing 6 out of 24 25 2 0-6 months [19]
reclined head position 4 out of 24 16.7 3.5 1-6 years [11]
problem of 
maintaining sleep 2 out of 24 8.3 3-6 8-11 years [23]

hyperactivity 2 out of 24 8.3 4 0-6 months [19] 
vomiting 2 out of 24 8.3 2 0-6 months [19] 
coughing 2 out of 24 8.3 1 0-6 months [19]
cyanosis 1 out of 24 4.2 <1 0-6 months [19]
problem of initiating sleep 1 out of 24 4.2 6-10 8-11 years [23]
bruxism 1 out of 24 4.2 4 8-11 years [23]
extreme pallor 1 out of 24 4.2 8.1 1-6 years [11]

Daytime symptoms suggestive of SRD were found 
in 4/24 patients (16.7%), i.e. at least one of the fol-
lowing symptoms was present: daytime somnolence, 
attention and concentration problems, behavioural 
problems, and morning pallor (table 3). Sleep-related 
symptoms were present in 18/24 patients (75%), i.e. 
at least one of the following symptoms was present: 
snoring, mouth breathing, cyanosis, observed apneas, 
excessive sweating, enuresis, problems of initiating 
and maintaining sleep (table 3).

Prior to the first PSG, 11/24 patients (45.8%) had 
undergone adenoidectomy, 1/24 (4.2%) tonsilectomy, 
2/24 (8.3%) adenotonsilectomy, 3/24 (12.5%) liquor 
drainage, and 6/24 (25%) a craniocervical decompres-
sion operation to treat foramen magnum stenosis.

Clinical examination prior to PSG revealed hyper-
trophied tonsils in 11/24 patients (45.8%), disturbed 
nasal breathing in 8/24 patients (33.3), and enlarged 

cervical lymph nodes as a sign of chronic tonsillitis 
in 5/24 patients (20.8%).

PSG findings were abnormal in 19/24 patients (79.2%) 
with a nadir of oxygen saturation (pulse oximetry) 
(SaO2) below 90% and/or a nadir of transcutaneous 
partial pressure of oxygen (tcpO2) below 45 mmHg. 
Pathologic PSG findings were found in 10/24 patients 
(41.7%). The two children with the clinical picture of 
hypochondroplasia had a normal PSG. We diagnosed a 
central sleep apnea syndrome with > 100 apneas/hour 
sleep in a 8 days old infant. OSAS with more than 5 
obstructive apneas with a duration of more than 5 sec. 
was diagnosed in 8/24 patients (33.3%), 3 of these 
patients were suffering from severe OSAS. One of 
these 3 patients was admitted to our hospital in a life-
threatening condition (case report 1). Hypoventilation 
with SaO2 below 90% and tcpO2 below 45 mmHg was 
seen in 1/24 patients (4.2%). The polysomnographic 
data are summarised in table 4.
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As a consequence, the following therapeutic interven-
tions were performed: AT in 1/24 patients (4.2%), 
tonsilectomy (TE) in 2/24 (8.3%), ATE in 2/24 (8.3%), 
and nasal CPAP (continuous positive airway pressure) 
and BiPAP therapy (bilevel positive airway pressure), 
respectively, in 3/24 patients (12.5%). Table 5 shows 
the polysomnographic data before and after ENT-
surgery. A significant improvement of the polysom-
nographic parameters was not seen when comparing 
these groups. 

The anamnestical, clinical, and polysomnographical 
data of the 24 patients with achondroplasia and hypo-
chondroplasia in this case series were collected in the 
course of 20 years. The methods of collecting data, 
the polysomnographical recording techniques, and the 
evaluated parameters did not change considerably in 
the sleep laboratory of the Vestische Kinder- und Ju-
gendklinik Datteln in this period of time [9,15,22].

The heterogeneity of achondroplasia concerning 
the clinical symptoms has also been described re-
garding form and severity of SRD in these patients 
[8,13,17,18,21,24]. On the basis of clinical findings, 
Tasker et al. [18] differentiated between three types 
of SRD with different prognosis in children with 
achondroplasia and related these to different forms 
of disturbed ossification in the cranial base: In type 
1 according to Tasker [18], there is solely “relative” 
adenotonsillar hypertrophy caused by a degree of 
midfacial hypoplasia, which results in obstructive 
sleep apnoea that clinically resolves with adenotonsil-
lectomy. This type is related to rostral or late develop-
mental defects of the cranial base. In type 2 according 
to Tasker [18] there is muscular upper airway obstruction 
along with progressive hydrocephalus, which could have 
as a common aetiology jugular foramen stenosis related 
to intermediary defects in the enchondral ossification of 
the cranial base. In type 3 according to Tasker [18] fora-
men magnum and/or hypoglossal foramen abnormalities 
are seen, resulting in muscular upper airway obstruction 
without hydrocephalus, further compounded by the ef-
fects of gastro-oesophageal reflux and the development 
of cor pulmonale.

Twenty of the patients described in our case series can 
be allocated to type 1 according to Tasker, 3 patients 
(case report 2) to type 2, and 1 patient to type 3 (case 
report 1). Regular snoring and increased daytime 
somnolence are the anamnestical leading symptoms 
for OSAS [11,14,23]. However, the registration of 
daytime symptoms is dependent on the degree of 

suffering and on the attitude of the patient towards 
his or her disease. The registration of sleep-related 
symptoms is dependant on the quality of third party 
assessment by the parents or caregivers. The per-
centage of children in our case series demonstrating 
daytime symptoms (15.7% daytime somnolence) and 
sleep-related symptoms, especially snoring (70.8%), 
was high in comparison to the data in the literature 
(table 3). Snoring at nights was reported in 58 to 100% 
[13,18,21,24], daytime somnolence was reported in 
singular cases only (5-11%) [17,21,24]. This points 
towards considerable underreporting. Waters et al. 
[21] tried explaining the origin of this recall bias: 
The complaints were chronic and were regarded as 
“belonging to life with achondroplasia” by the pa-
tients. A further reason for a bias in case series with 
relatively small numbers of patients is the selection 
process. In questionnaires only living patients can 
be evaluated, dead patients with symptoms sugges-
tive of OSAS cannot be included. Therefore, stud-
ies based on questionnaires tend to underestimate 
symptoms suggestive of OSAS. On the other side, 
polysomnographic studies tend to recruit patients 
with anamnestical complaints or clinical symptoms, 
thereby overestimating OSAS. Deaths in patients 
with achondroplasia are probably underestimated in 
both kinds of studies. This underlines the necessity 
for studies comprising the complete population of 
patients with achondroplasia and the necessity of a 
structured medical history in these patients. Regard-
ing the sleep-related symptoms, especially excessive 
sweating at night was not mentioned in the literature, 
whereas it was reported in 62.5% of the children in 
our case series (table 3). 

We compared the group of patients with achondropla-
sia to a cohort of children with adenotonsillar hyper-
trophy, who had undergone polysomnography before 
and after adenoidectomy and/or tonsillectomy (table 
2) [14] and found that the apnea-hypopnea-index was 
not significantly higher, whereas the OSA-index and 
maximal transcutaneous partial pressure of carbon 
dioxide (tcpCO2) were significantly higher. Minimal 
SaO2 and TcpO2 were significantly lower (table 4). 
The majority of patients with achondroplasia with 
pathological PSG were diagnosed to have OSAS, 
with exception of an 8 days old infant with central 
apnea syndrome with excessive periodic breathing 
and a patient with hypoventilation without apneas. 
OSAS was improved in the patients allocated to type 
1 according to Tasker, as described by other authors 
[3,18]. In our case series, we only had 5 PSG before 
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ENT surgery and 4 PSG after ENT surgery (table 5), 
including 2 patients with severe OSAS (case reports 1 
and 2), which had to be treated with CPAP and BiPAP 
therapy after the operation. This explains the fact that 

the improving effect of adenoidectomy and/or tonsi-
lectomy was not statistically significant when compar-
ing the groups. Minimal values for SaO2 and TcpO2 
were actually lower postoperatively (table 5).

Table 4. Polysomnographical data (*) (pre- and postoperative data 
of children with adenotonsilar hyperplasia [14] versus achondroplastic children)

children with adenotonsilar hyperplasia children with achondro-
plasie

preoperative (n=62) postoperative (n=62) (n=24)
Total sleep time (hours) 6.7 (6.1-7.5) 6.6 (6.0-7.2) 5.9 (5.4-6.9)
apnea-hypopnea index

 (n/hour) 23 (9.8-27.5)** 8 (4.9-10.7) 5.1 (2.4-13.7)

obstructive apneas 
(n/hour) 12 (1.1-8.5)** 0 (0-0) 0.2 (0-6.4)**

nadir of oxygen saturation 
(%) 75 (81-90)** 90 (90-94) 86 (79-89)**

minimum of TcpO2 
(mmHg) 38 (31-51)** 50 (35-63) 38 (34-45)**

maximum of TcpCO2 
(mmHg) 56 (46-62)** 47 (45-48) 49 (42-62)**

(*) median and interquartile range (in brackets)
** In comparison with the group „postoperative“ ist he difference not statistically significant

(p<0.05, U-test)

Table 5. Results of polysomnographic sleep recordings before and after ENT surgery 
(ATE: 2 patients; TE: 2 patients; AT: 1 patient)

parameter
PSG preoperative (n=5) PSG postoperative (n=4)

p (U-test)
median IQR median IQR

age (years) 2.9 1.8-5.0	 3.5 2.9-8.3 -
Time interval to 
surgery (days) 20 17-25 18 4-365 -

total sleep time 
(min.) 352 323-410 373 194-403 n.s.

apnea-hypopnea 
index (n/hour) 11.4 9.3-102.3 24.8 11.8-48.5 n.s.

mean duration of 
apneas (s) 7.1 5.1-8.5	 8.1 7.0-9.5 n.s.

longest apnea (s) 21 10.5-37.5 20.5 18-27 n.s.
obstructive ap-
neas (n/hour) 8.3 3.8-84.3 14.7 6.0-41.9 n.s.

mean duration of 
OSA (s) 8.6 5.1-9.5	 6.4 5.3-8.9 n.s.

longest OSA (s) 21 10.5-37.5 20.5 18.5-27 n.s.
nadir of SaO2 

(%) 81 67-91 68 38-78 <0.05

minimum of 
TcpO2 (mmHg) 41 39-44 37 20-41 <0.05

maximum of 
TcpCO2 (mmHg) 56 49-61 53 51-58 n.s.

n.s. = The difference is not statistically significant
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Our findings support the concept that SRD, partially in 
life-threatening developments, are a relevant compli-
cation in children and adolescents with achondroplasia 
[3,4,8,10,13,16-18,21,24].

When the medical history is suggestive of SRD, as it 
is the case more often in patients with achondroplasia 
in comparison to the general population [11,19,23], a 
PSG should be performed immediately. Moreover, it 
seems advisable to perform PSG in all children with 
achondroplasia in early childhood [1].

At least in a part of the patients with achondropla-
sia, the pathophysiological mechanisms of OSAS 
are connected with the etiology of achondroplasia 
(midfacial hypoplasia, disturbed ossification of 
the cranial base). The OSAS in achondroplastic 
children and adolescents could not be improved 
by an ENT operation in all cases. In 3/24 pa-
tients (12.5%) a therapy with CPAP/BiPAP was 
necessary.
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(Bundesverband Kleinwüchsige Menschen und ihre 
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SUMMARY

DIAGNOSTICS AND MANAGEMENT OF SLEEP-RELATED RESPIRATORY DISTURBANCES 
IN CHILDREN WITH SKELETAL DYSPLASIA CAUSED BY FGFR3 MUTATIONS 

(ACHONDROPLASIA AND HYPOCHONDROPLASIA)

Schlüter B., De Sousa G., Trowitzsch E., Andler W.

Schlaflabor der Vestischen Kinder- und Jugendklinik Datteln, Universität Witten /Herdecke

To evaluate the frequency of clinical indicators for 
sleep-related respiratory disturbances (SRD) and the 
polysomnographical manifestations of these disorders 
in children with skeletal dysplasia caused by FGFR3 
mutations.

From January 1990 to January 2009, 24 patients (22 
achondroplasia, 2 hypochondroplasia; 13 boys, 11 
girls; age 8 days to 15 years, median age 3.0 years) 
were examined, including a semi-structured interview, 
a clinical examination, and a polysomnographic sleep 
recording (65 polysomnographic sleep recordings 
(PSG) in 24 patients). We performed PSG in a sub-
group of five patients before and after adenoidectomy 
(AT) and/or tonsilectomy (TE).

Daytime symptoms suggestive of SRD (daytime 
somnolence, attention and concentration problems, 
behavioural problems, and pallor) were found in 4/24 
patients (16.7%). Sleep-related symptoms (snoring, 
mouth breathing, cyanosis, observed apneas, excessive 
sweating, enuresis, problems of initiating and maintain-
ing sleep) were present in 18/24 patients (75%). Prior 
to the first PSG, 11/24 patients (45.8%) had undergone 
AT, 1/24 (4.2%) TE, 2/24 (8.3%) adenotonsilectomy 
(ATE), 3/24 (12.5%) liquor drainage, and 6/24 (25%) a 
craniocervical decompression operation. 

Clinical examination prior to PSG revealed hyper-
trophied tonsils in 11/24 patients (45.8%), disturbed 
nasal breathing in 8/24 patients (33.3), and enlarged 
cervical lymph nodes as a sign of chronic tonsil-
litis in 5/24 patients (20.8%). PSG findings were 
abnormal in 19/24 patients (79.2%) with a nadir of 
oxygen saturation (pulse oximetry) below 90% and/
or a nadir of transcutaneous partial pressure of oxy-
gen below 45 mmHg. Pathologic PSG findings were 
found in 10/24 patients (41.7%): obstructive sleep 
apnea syndrome (OSAS) was diagnosed in 8/24 
patients (33.3%), central sleep apnea syndrome in 
1/24 patients (4.2%), and hypoventilation in 1/24 
patients (4.2%). As a consequence, the following 
therapeutic interventions were performed: AT in 
1/24 patients (4.2%), TE in 2/24 (8.3%), ATE in 
2/24 (8.3%), and nasal continuous positive airway 
pressure (continuous positive airway pressure) and 
bilevel positive airway pressure therapy (bilevel 
positive airway pressure), respectively, in 3/24 
patients(12.5%). 

SRD, especially OSAS, represent a complication of 
clinical and prognostic relevance in children with 
achondroplasia. We therefore think that not only those 
children with a history suggestive of SRD, but all 
achondroplastic children should be evaluated by PSG. 
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РЕЗЮМЕ 

ДИАГНОСТИКА И КОРРЕКЦИЯ ДЫХАТЕЛЬНЫХ РАССТРОЙСТВ ВО ВРЕМЯ СНА 
У ДЕТЕЙ СО СКЕЛЕТНЫМИ ДИСПЛАЗИЯМИ, 

ВЫЗВАННЫМИ МУТАЦИЯМИ FGFR3 (АХОНДРОПЛАЗИЯ И ГИПОХОНДРОПЛАЗИЯ)

Шлютер Б., Де Соуза Г., Трович Е., Андлер В.

Университет Виттена/Гердеке, Клиника для детей и подростков,
 лаборатория исследования сна, Виттен, Германия

Целью исследования явилось определение часто-
ты клинических проявлений дыхательных рас-
стройств, связанных со сном, а также выявление 
характерных полисомнографических показателей 
у детей со скелетными дисплазиями, вызванными 
мутациями FGFR3 (ахондроплазия и гипохондро-
плазия). 

С января 1990 г. по январь 2009 г. обследовано 24 
больных: 22 - с ахондроплазией и 2 - с гипохон-
дроплазией. Из них: 13 мальчиков и 11 девочек в 
возрасте от 8 дней до 15 лет (средний возраст - 3,0 
года). Исследование включало полуструктуриро-
ванное интервью, клиническое обследование и 
полисомнографические исследования (65 поли-
сомнографических записей у 24 больных). Была 
выделена группа из 5 пациентов, которым до и 
после аденоидэктомии (АЭ) и/или тонзиллэктомии 
(ТЭ) проводили полисомнографическую регистра-
цию сна (ПРС).

Симптомы "дневного" проявления дыхательных 
расстройств во время сна наблюдались у 4 из 24 
пациентов (дневная усталость, проблемы связан-
ные с нарушением внимания и концентрации, 
поведенческие проблемы, бледность). Симптомы, 
относящиеся к расстройству сна (храп, дыхание 
ртом, цианоз, наблюдаемые задержки дыхания, 
чрезмерная потливость, энурез, проблемы засы-
пания и сохранения сна) имели место у 18 (75%) 
из 24 пациентов. Перед первой ПРС 11 (45,8%) 
из 24 пациентов была проведена AЭ; одному 
(4,2%) из 24 – TЭ; 2 (8,3%) - аденотонзиллэктомия 
(ATE), 3 (12,5%) – дренаж ликвора, 6 (25%) – де-

компрессивная краниоцервикальная операция. 
Клиническое обследование до ПРС у 11 (45,8%) 
из 24 пациентов выявило гиперплазию миндалин, 
у 8 (33,3%) из 24 - нарушение носового дыхания, у 
5 (20,8%) из 24 – увеличение шейных лимфатиче-
ских узлов, как признак хронического воспаления 
миндалин. У 19 (79,2%) из 24 пациентов было 
выявлено нарушение показателей ПРС (надир SaO2 
<90% и/или надир tcpO2 <45 mmHg). 

Патологические показатели ПРС были выявлены 
у 10 (41,7%) из 24 пациентов. Синдром обструк-
тивного апноэ сна (СОАС) был диагностирован у 
8 (33,3%) из 24 пациентов; центральный синдром 
апноэ - у 1 (4,8%) из 24; гиповентиляция - у 1 (4,8%) 
из 24. В результате были осуществлены следующие 
терапевтические вмешательства: АЭ провели одному 
(4,2%) из 24 пациентов, TЭ - двум (8,3%) из 24, AЭ 
- двум (8,3%) из 24, носовое продолжительное по-
ложительное дыхательное давление и двухуровневая 
терапия положительным дыхательным давлением 
соответственно 3 (12,5%) из 24 пациентов. 

Связанные со сном дыхательные расстройства 
(ССДР), в особенности СОАС, представляют 
собой клинически и прогностически значимые 
осложнения у детей с ахондроплазией. Делается 
вывод о необходимости проведения ПРС всем 
детям с ахондроплазией, особенно в тех случаях, 
когда патофизиология ССДР связана с ахондропла-
зией. Детям с ахондроплазией и ССДР, которым 
АЭ и/или ТЭ не помогли, должна проводиться 
терапия продолжительным положительным воз-
душным давлением.

At least in a part of these patients, the pathophysi-
ological mechanisms of OSAS are connected with the 
etiology of achondroplasia. Achondroplastic children 
with OSAS, who do not benefit from AT and/or TE, 

should be treated with NCPAP therapy. 

Key words: Sleep-related respiratory disturbances, 
achondroplasia, hypochondroplasia.
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reziume

FGFR3 mutaciiT gamowveuli ConCxis 
displaziis (aqondroplazia da hipoqon-
droplazia) mqone bavSvebSi ZilTan aso-
cirebuli respiratoruli darRvevebis 
diagnostika da marTva

b. Sluteri, g. de souza, e. troviCi, 
v. andleri

Zilis Semswavleli laboratoria, bavSv-
Ta da mozardTa klinika, vest/datelni 
viten/herdekes universiteti, germania

kvlevis mizans warmoadgenda FGFR3 mu-
taciiT gamowveuli ConCxis displaziis 
mqone bavSvebSi ZilTan asocirebuli respi-
ratoruli darRvevebis (Zard) klinikuri 
indikatorebisa da polisomnografiuli 
gamovlinebebis sixSiris dadgena. 

1990 wlis ianvridan 2004  wlis ianvris 
CaTvliT kvlevaSi CarTuli iyo 24  paci-
enti, maT Soris 22 aqondroplaziisa da 
2 hipoqondroplaziis diagnoziT. pacien-
tebidan 13 iyo vaJi da 11 gogona. asaki 
- 8 dRidan 15 wlamde, saSualo asaki - 3,0 
weli.Yyvela SemTxvevaSi aRebul iqna 
naxevrad struqturirebuli interviu, 
Catarda sruli klinikuri gamokvleva da 
Zilis polisomnografiuli registracia 
(Zpr) (65 polisomnografiuli Cawera 24  
pacientSi). 5 pacientisagan Semdgar qve-
jgufSi Zpr gakeTda adenoideqtomiisa 
(ae) d/an tonzileqtomiis (te) operacie-
bamde da Semdeg. 

Zard-is dRis periodisaTvis damaxasiaTe-
beli simptomebi (Zilianoba, yuradRebisa 
da koncentraciis daqveiTeba, qceviTi 
problemebi, sifermkrTale) dadgenil 
iqna 24-dan 4  (16,7%) SemTxvevaSi. ZilTan 
asocirebuli simptomebi (xvrinva, piriT 
sunTqva, cianozi, apnoe, Warbi oflianoba, 

enurezi, daZinebisa da Zilis SenarCune-
bis problemebi) aReniSna 18/24  pacients 
(75%). pirvel Zpr-mde 11/24 pacients 
(45.8%) gaukeTda ae; 1/24 (4.2%) - te; 2/24 
(8.3%) – ae da te, 3/24 (12.5%) – liqvoris 
drenaJi, 6/24 (25%) - madekompresirebeli 
kraniocervikaluri operacia. Zpr-mde 
klinikuri gamokvlevisas nuSurebis hi-
pertrofia gamouvlinda 11/24  pacients 
(45.8%), cxviriT sunTqvis darRveva - 8/24  
pacients (33.3 %), kisris limfuri kvanZe-
bis gadideba (rogorc qronikuli ton-
zilitis niSani) - 5/24  pacients (20.8 %). 
19/24  pacientidan (79.2%) Zpr monacemebi 
scildeboda normas (SaO

2
-is nadiri, ud-

ablesi done 90%-ze naklebi da/an tcpO
2
-is 

nadiri, udablesi done 45 mmg-ze naklebi). 
Zpr paTologiuri maCveneblebi dadge-
nil iqna 10/24  pacientSi (41.7%); Zilis 
obstruqciuli apnoes sindromi (Zoas) 
diagnoscirebuli iyo 8/24  SemTxvevaSi 
(33.3%), Zilis centraluri apnoes sindromi 
1/24  pacientSi (4.2%) da hipoventilacia1/24  
pacientSi (4.2%). ganxorcielebuli iyo 
Semdegi samkurnalo Carevebi: te -2/24-Si 
(8.3%), ae da te - 2/24-Si (8.3%), cxviriT 
sunTqviTi gaxangrZlivebuli Terapia 
dadebiTi wneviT da ordoniani sunTqviTi 
Terapia dadebiTi wneviT Sesabamisad 3/24  
pacientSi (12.5%).

Zard da, gansakuTrebiT, Zoas aqondro-
plaziis mqone bavSvebSi klinikurad da 
prognozulad mniSvnelovani garTule-
baa. aqedan gamomdinare mizanSewonilad 
migvaCnia Zpr Catardes ara mxolod 
maSin, roca Zard-ze eWvi gvaqvs, aramed 
aqondroplaziis yvela SemTxvevaSi. 
SemTxvevaTa nawilSi mainc Zard paTo-
genezurad aqondroplaziasTanaa dakav-
Sirebuli. aqondroplaziis mqone bavS-
vebs, romelTac ae da/an te ar uSvela, 
unda CautardeT cxviriT sunTqviTi 
gaxangrZlivebuli Terapia dadebiTi 
wneviT. 
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Childhood sleep disturbances involving difficulties 
in initiating or maintaining sleep trouble 15-35% 
of children under the age of 3 [11,25,33,38]. These 
disorders may affect the family stability [23,28] and 
arises from problems controlling emotions until 
psycho-pathology insurgence and if untreated, may 
persist in time [8].

Childhood sleep is subjected to considerable changes, 
as is necessary to complete the transition into maturity 
that is present in adulthood [38].

Organizing the sleep state and the awakening arises 
from the caregiving system: the regular dyadic 
relationship between mother and child ,in fact, the 
sequence of the daily routine of biological state. 
The caregiver calms the child and strengthens the 
relationship that benefits the sense of self and the 
auto-regulation of the infant [4].

Like the major part of the developmental process, 
sleep disruptions arise from extrinsic factors (ex. 
the sleep practices of the parents) and intrinsic (ex. 
the temperament). The first could be modified from 
behavioral strategies [29], therefore intervening the 
sleep problems in children should include the evalu-
ation of attitudes and parenting skills [33]. In fact, it 
was demonstrated that the direct treatment and aim of 
the sleep problems could also improve other function 
domains [9].

The new social habits determine a discrepancy be-
tween what should be the natural rhythm of sleep and 
awakenings of the child and the same social needs [5]. 
Indeed, they have brought physical developmental 
problems and/or tied to the irregularity of sleep that 
already develops from the first year of life. 

The persistence of a sleep disorder over time requires 
early intervention and effective measure to improve 
the problem without neglecting the importance of pre-
vention parental education, addressing the parents’ (or 
parental figure) approach to their child’s sleep [30].

In literature, there are several studies showing the 
effectiveness of cognitive-behavioral treatment of 
childhood sleep disorders. These approaches can be 
used either alone or in combination with pharma-
cotherapy [18,27-29,31]. The primary objective of 
cognitive-behavioral therapy helps children to im-
prove sleep, regardless of medical interventions [15]. 
Given the high predominance of sleep disorders in 
children, it is important to know the most appropriate 
strategies and effective treatment. This review aims 
to critically analyze the literature studies showing the 
effectiveness of cognitive-behavioral strategies in the 
treatment of sleep disorder during the developmental 
age. These approaches are based on the principles of 
theoretical learning (such as extinction), according 
to several studies and meta-analysis, would be ef-
fective [8]. To access the empirical evidence of such 
treatments, the APA (American Psychological As-
sociation) developed a criteria that characterizes the 
effective treatments at an experimental level. These 
criteria allow you to determine which category falls 
into a particular type of treatment [7]. Thanks to the 
“Chambless Criteria,” many effective research was 
carried out, lead with different samples from children 
who had difficulty sleeping, which have demonstrated 
the validity of the cognitive-behavioral approach. 

Finally, despite the positive results of the analysis in 
literature, the research needs further evidence demon-
strating the validity of cognitive-behavioral strategies 
in the long term. Precisely for this reason, it would 
be appropriate to conduct studies with a longer time 
period that exceeds twenty-four/thirty months. 

Cognitive-behavioral intervention of sleep disorders 
in children. Before a presumptive sleep disturbance 
is treated, it must be determine that the sleep problem 
constitutes a behaviorally or medically based sleep 
disorder and is not a symptom of another primary 
medical problem. In fact, the etiology of sleep dis-
turbance should be clarified in as much detail as pos-
sible because cognitive-behavioral treatment should 
address the specific underlying causes of the sleep 
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disturbances to be effective. The thorough evaluation 
of sleep disorders is the first essential step in deciding 
whether to use a cognitive-behavioral intervention or 
whether the child needs pharmacotherapy [28,31].

According to the DSM-IV, sleep disorders are clas-
sified into; Dyssomnias and Parasomnias. The Dys-
somnias are primary sleep disorders characterized by 
hyper-somnolence, insomnia or excessive drowsiness 
and are caused by an alteration of the quantity, quality, 
or sequence sleep time. The Parasimnias are disorders 
characterized by abnormal behavior or physiological 
events that occur during sleep, specific stages of sleep, 
or in the sleep-wake phase. Unlike the Dyssomnias, 
the Parasomnias do not involve mechanical abnor-
malities that cause the states of sleep/wake and that 
regulate the time cycle of sleep and wakefulness. 
Instead, the Parasomnias represent the activation of 
physiological systems at inappropriate hours during 
the sleep-wake cycle. In particular, these disorders 
involve activation of the autonomic nervous system, 
motor system, and cognitive processes during sleep 
or during the transition between sleep/wake. 

One limitation of the cognitive-behavioral invention 
may be the difficulty to maintain the improvement 
achieved over time.

The use of behavioral strategies to alleviate sleep 
disorders is based on the belief that parents play an 
important role in the development and maintenance 
of sleep difficulties. As a treatment plan, the parents, 
as well as children, learn to modify their behavior to 
help their child sleep [30].

Review of Literature. Various studies have demon-
strated the effectiveness of cognitive- behavioral 
treatment for sleep disorders in children, especially in 
regard to insomnia during the first and second stages 
of childhood. These studies have reinforced the ben-
efits of such techniques in daytime functioning and 
the well being of the patient’s family [29].

The major part of the studies presented in this review 
have been subjected to the criteria of Chambless 
[7] in order to assess whether a technique is effec-
tive. According to these criteria, it could take three 
important decisions. In the first place, a technique is 
well-defined if at least two experiments “design single-
case” have demonstrated it’s valid and if the last study 
was confirmed from two investigators or from different 
investigating teams. In second place, if two experiments 

document that the treatment is more effective than no 
treatment (detected by analyzing a control group) the 
criteria in the same treatment are met (also if only it 
is confirmed by one investigator) and the intervention 
is considered “probably effective.” Lastly, if at least 
one study is effectively controlled and another study is 
found in a less rigorous or if two or more searches are 
performed with small sample sizes the techniques will 
be assessed as “promising intervention” (ibidem). 

Many studies of cognitive-behavioral intervention for 
sleep disorders have been evaluated in “design study” 
(case history, single cases and random studies and con-
trolled); the most significant concern extinction, gradu-
ated extinction, bedtime routine, schedule awakenings 
and preventive parental education. In addition to being 
evaluated individually, these techniques have been con-
sidered as part of a multicomponent treatment plan.  

Extinction and graduated extinction. The first studies 
on the treatment of childhood sleep disorders, includes 
inability to fall asleep and night awakenings, have fo-
cused on the use of extinction [28]. Extinction consists 
of brief periods during which parents ignore the child 
expect for safety purposes. The parents put the child to 
bed with at a designated bedtime and not intervening 
when the child cries until a set time the next morning. 
The risk is that the method is interrupted because of 
the parent’s ability to ignore their child crying and 
that results in a further reinforcement of the disorder 
[21,25,26]. The first to study this technique was Wil-
liams [29] who instructed the parents of 21 months 
girl, to put their daughter to bed in a “relaxing and 
pleasant way “and not to return if the child woke up 
and cried. The results of the experiment are based on 
the duration that the child cried (that diminished with 
time) reported by the parents and calculated in minutes. 
It was also confirmed by subsequent studies (table 1) 
made with bigger sample sizes and control groups. 
The effective treatment was also demonstrated by three 
research groups in separate studies between-subject 
and random, like Rickert and Johnson [32] reiterate 
that extinction is as effective in children with nocturnal 
awakenings. The results of this study are based on the 
parental relationship, their diaries, and a control group 
that was added for reliability. The extinction was more 
effective by decreasing nighttime awakenings in the 
treatment group than in the control group that led to 
a faster improvement than the scheduled awakenings. 
Subsequent studies were conducted on a larger scale (45 
children from 7 to 27 months) from France and associ-
ate [12,13]. In this study, twenty three participants were 
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consecutively subjected exclusively to extinction. The 
other twenty two participants were randomly assigned 
to extinction associated with drug trimprazine, natural 
extinction or programmed bedtime routine where once 
in bed were interfered by the parents, unless it was 
considered absolutely necessary [14]. The results are 

based on the parent’s diary with the inclusion of a reli-
ability check using a voice activated relay (VOR) for a 
subgroup of subjects; the parents and the recordings from 
the VOR complied 91%. All patients were successfully 
treated, including the group with extinction combined 
with pharmacotherapy.

Table 1. Summary of Literature on Treatment with Extinction (In: Mindell, 1999) 
Article Subjects Assessment Control Follow-up Outcome

Williams
(1958)

1F
21 mos

Diary 
of sleep None 2 yrs Extinction effective in dec dura-

tion of crying at bedtime
 Rapoff et al.

(1982)
6

24–54 mos audiotape —— 7–15 mos Effective for 50% of subjects

Seymour et al. 
(1983)

208
0–6 yrs

diary;
parent report None 6 mos Effective for 78% of subjects

Chadez & 
Nurius (1987)

1 F
7 mos

diary;
parent report

 
 ———

47 days xtinctioneffectiveonly withcogni-
tive restructuring for parents

Rickert & 
Johnson 
(1988)

33
6–54 mos
18m, 15F

diary of sleep ontrol/sched 
awaken. 6 weeks

Extinction = scheduled
Awakenings > control 

Extinction quicker Results

Seymour et al. 
(1989)

45
9–60 mos
28M, 17F

between-
group

wait-list
control 3 mos Compared written instruction to 

therapist-guided

France & Hud-
son (1991)

7
8–20 mos
5M, 2F

diary;
quest;

recording device
———

3 mos;
2 yrs

Significant improvement
 in night waking

France et al. 
(1991)

/France (1992)

45
7–27 mos
17M, 18F

Diary of sleep
Extinction 

1 med/ 
placebo

6, 18,  
or 30 mos

Ext , effective than ext 1 drug; 
More effective than placebo

Mindell (1999)  
——

Review 
of literature 
(41 study)

——— ———
Efficacy of cognitive-

behavioral therapy 

Owens et al. 
(2006) ———

Review 
of literature ——— ———

Efficacy of extinction and extinc-
tion graduated

Matthey et al.
(2007)

Childhood
6-18 months

Study 
controlled ——— ———

Efficacy of cognitive-
behavioral therapy 

Matthey et al.
(2009) ———

Review 
of literature ——— ——— Efficacy of extinction 

Subsequently, a follow up study was conducted from 
France [13] with the same participants after six and 
thirty months, respectively compared with thirteen 
and fifteen control groups who did not receive the 
treatment. Significant improvements were seen during 
the follow-up in the treated group and no change in 
the control groups. On a larger scale, further studies 
were conducted by Seymour and colleagues. In their 
first study [36] the authors showed that a treatment 
program with several components, such as onset of 
bedtime routine, bedtime routine, and ignore the 
baby’s crying reduced the sleep disorder of two hun-
dred and eight children. It also used a within-subjects 
design and the comparison between baseline and post-
treatment diary indicated a significant improvement in 

78% of the participants (children aged 8-20 months). 
In the end, Chadez and Nurius [6] evaluated the suc-
cess of the extinction treatment (made on 7 months 
old girl) for seven months and found the technique to 
be successful. Taking into consideration, the parent’s 
response with cognitive restructuring demonstrating 
that extinction is successful when it is associated to 
the parent’s intervention.

The extinction procedure could be very stressful for 
parents as they often are not willing to hear their baby 
cry for long periods of time and for this reason other 
studies have supported the use of two techniques: 
extinction and gradual extinction with parental pres-
ence [37].
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The extinction with parental presence is an effective 
technique and more acceptable with parents. It is 
based on the assumption that sleep disorders in chil-
dren are also caused by separation anxiety. The program 
provides a similar structure as the standard extinction 
with the difference being that the parent remains in the 
room with the child during the procedure. The parent’s 
presence reassures the child allowing a sweet sleep and 
reducing the nocturnal awakenings. Extinction with 
parental presence is a more gentle extinction standard, 
but requires more time for the application because the 
parents should prepare before, for at least seven nights, 
and in order to avoid intervening if the child cries and in 
that way the disorder is reinforced. It has been verified 
that the extinction with parental presence has improved 
the sleep of babies and children up to two years and de-
creasing nocturnal awakenings and therefore increasing 
the amount of sleep [11,15,22,34]. However, gradual 
extinction aims to achieve the desired behavior with 
small achievements, such as delay or a gradual advance 
in the time needed to fall asleep. In addition, the child 

becomes accustomed to the distance from their parents 
at the moment of going to bed. The methods require a 
lot of time and have a long application time, for this the 
risk is that the parents don’t apply the method constantly. 
Contrary, the positive aspect is that it is easier for the 
parents who can’t tolerate the other methods [5].

Like in the standard extinction, the phasing is con-
sidered effective and this has been verified through a 
series of random and controlled trials (table 2). The 
first randomized study was conducted by Adams and 
Rickert [2] with a sample of thirty six children (18-38 
months) who attended primary school. The result is 
in favor of the technique and graduated extinction of 
the bedtime routine that can be equally effective in 
reducing the difficulty of falling asleep. In Adams and 
Rickert’s study, the parents were instructed to ignore 
their children’s tantrums in the crib for certain periods 
of time (the length of time was determined based on 
the age of the child and the time at which the parents 
believed they could ignore it).

Table 2. Summary of Literature on Treatment with Graduated Extinction ((In: Mindell, 1999)

Article Subjects Assessment Control Follow-up Outcome

Rolider & Van 
Houten (1984)

3
24–30 mos

3M

Diary 
of sleep ——— 70 days

Inc. duration to attend at bedtime; 
Effective for bedtime problems 
Not traditional grad. Extinction

Pritchard 
& Appleton 

(1988)

31
9–42 mos
19M, 12F

Diary 
of sleep

Control 
group 3 mos Wait 10 or 20 min. before check; 

Effective 

Adams
& Rickert (1989)

36
18–48 mos

16M, 
20F

diary; 
reliability ck

Control 
group 6 weeks Checking technique; Equal to positive 

routine; more difficult for parents

Durand 
& Mindell 

(1990) 

1F
14 mos

diary, 
videotape ——— 9 mos Checking technique; Effective 

Lawton et al. 
(1991)

6 
6–14 mos
2M, 4F

diary; 
reliability ck ——— 120 days

Dec duration of attention at bedtime/ 
night wake; Improvements in 4/6 chil-

dren; Decreased extinction burst

Mindell 
& Durand (1993)

6
18–52 mos

4M, 2F

diary, 
videotape ——— 1 mos

Checking technique at bedtime; 
Treatment at bedtime generalized 

to night waking s 

Sadeh (1994)
50

9–24 mos
28M, 22F

diary; acti-
graph none 3 week Checking technique; Effective; Equal to 

parent cosleeping 

Mindell (1999) ———
Review of 

literature (41 
study)

——— ——— Efficacy of cognitive-behavioral therapy

Owens et al. 
(2006) ——— Review of 

literature ——— ——— Efficacy of extinction and extinction 
graduated

Matthey et al. 
(2009) ——— Review of 

literature ——— ——— Efficacy of extinction grad.
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The verification process allowed parents to comfort their 
child for fifteen seconds or less. The graduated extinc-
tion, like that of the bedtime routine is significantly more 
efficient in respect to the non treated group of control. 
The results are also based on the parental report, with 
an independent rater of bedtime behavior. 

Following, Sadeh [34] demonstrated the efficiency of 
the gradual extinction with the study of fifty children 
(from 9 to 24 months) assigned randomly and a treat-
ment of gradual extinction or with the intervention of 
cosleeping. 

The results are based on the parent’s diaries and actigrafy, 
a method that permits continued monitoring of the wake 
and sleep, thus representing a sufficient index objective 
of the sleep-wake cycle. The latter have shown that 60% 

of children improved significantly during treatment 
and 52% showed significant improvement on the basis 
of actigraphy recordings without any major difference 
between the two interventions. 

Bedtime routine and programmed awakenings. The 
bedtime routines involve parents organizing activities 
that will calm your child to sleep. According to the 
Chambless criteria [7], the latter can be considered 
a promising intervention. Several studies, though 
less than those made by the techniques mentioned 
about (table 3) showed that this technique could be 
effective, one of which is the previously mentioned 
experiment of Adams and Rickert [2]. Even Milan et 
al. [24] conducted bedtime routine on three children 
with disabilities (respectively 2, 4, and 15 years old) 
in a within-subject design. 

Table 3. Summary of Literature on Treatment with Positive Bedtime Routines ((In: Mindell, 1999)
ARTICLE SUBJECTS ASSESS MENT CONTROL FOLLOW-UP OUTCOME

Milan et al. 
(1981)

3
2–15 yrs
2M, 1F

diary; reliability 
ck none 1–2 yrs Severely handi-

capped population

Adams 
& Rickert 

(1989)

36
18–48 mos
16M, 20F

Diary of sleep Control group 6 week
Equal to grad 

extinct; easier for 
parents

Galbraith et 
al. (1993)

45
5–72 mos
28M, 17F

Diary of sleep none 2–18 mos 70% success rate; 
62% at follow-up 

Mindell et al. 
(2009)

405 mother
206 childhood (7-18 mos)

199 childhood
 (18-36 mos)

BISQ (question-
naire); Diary of 

sleep
Control group 3 weeks Efficacy of rou-

tine bedtime

Table 4. Summary of Literature on Treatment with Scheduled Awakenings (In: Mindell, 1999)

ARTICLE SUBJECTS ASSESS 
MENT CONTROL FOLLOW-UP OUTCOME

McGarr & Hov-
ell (1980)

1F
3 mos

	 Diary of 
sleep none none Effective

Johnson et al. 
(1981)

3
9–12 mos
2M, 1F

Diary of sleep ——— 5–7 weeks
Effective; com-
pliance problem 

for one

Johnson & 
Lerner (1985)

12
6–30 mos
9M, 3F

Diary of sleep ——— 2–3 mos Effective; 77% 
compliance

Rickert & John-
son (1988)

33
6–54 mos
18M, 15F

Diary of sleep control/ extinc-
tion 6 weeks

Scheduled 
awakenings = 

extinction . con-
trol; Extinction 
quicker results

Mindell et al. 
(2009)

——— Review of 
literature

——— ———
Effective of 

scheduled awak-
enings
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The focus of the parent’s behavior was to send their 
children to bed crying as they reported themselves 
with the reliability of the observers. All three children 
found a significant improvement with treatment; how-
ever this study did not include a control experiment. 
Further studies, carried out by Germain et al. [16] 
demonstrated that the bedtime routine successful in 
treating 45 children (from 7 to 27 months) also if there 
wasn’t a control group included. The authors used a 
within-subject design with the outcome based on the 
diaries completed by the parents. 

Recently Mindell [27] and colleagues conducted a 
study that demonstrates that the first positive routine 
before falling sleep impacts these technique have on 
the child, on his sleep and maternal mood. 405 moth-
ers with their children (206 children 7-18 months, 199 
children 18-36 months) participated in this study. In 
the first week, the mothers were instructed to behave 
as they would normally behave with their child, while 
in the second and third weeks the mothers, in the ex-
perimental group, were taught the specific first positive 
bedtime routine technique. However, the control group 
continued to act as previously stated above. Throughout 
the duration of the experiment, the mother completed a 
questionnaire (BISQ: Brief Infant Sleep Questionnaire) 
and a sleep dairy. The results found that the bedtime 
routine lead to significant reduction in sleep disorders 
for both infants and children. Significant improvements 
were observed on the latency sleep and the amount/dura-
tion of nighttime awakenings. Consequently, even the 
mother’s mood improved significantly. The three weeks 
follow-up did not show significant changes. These results 
suggest that establishing a consistent positive routine, 
before falling asleep, is helpful for the child and for the 
sleep quality, especially for the continuity of sleep and 
the maternal mood. 

Data reported from the studies state that scheduled 
awakenings are considered an effective program in 
treating parasomnias in children. These consist in 
understanding the times of spontaneous awakening 
of the child and educate parents to wake your child 
just before what should be the regular revivals, such 
as 10/15 minutes before, and then you put the child to 
sleep again. The technique is followed by steady incre-
ments of awakenings that led to longer periods of stable 
sleep. This technique was not frequently applied because 
the lack of the parent’s participation [5]. In a large sample 
survey (n=33, children aged 6 to 54 months), scheduled 
awakenings we found to be more effective than no treat-
ment: the research team got the best benefit compared to 

the control group [32]. Previous studies [19] employed a 
multiple-baseline with three children of twelve months. 
The lack of crying was evident for two of the children 
whose parents had followed recommendations for suc-
cessful treatment. However, the parents of the third child 
withdrew from the procedure. 

The importance of Preventive parent education. Pre-
ventive education for parents has been demonstrated 
helpful in correctly affronting  childhood sleep disrup-
tions, avoiding very common and frequent mistakes 
that parents (or caregivers) in good faith, might make. 
It is based on information and prevention programs 
that may prevent the development of sleep disorders. 
These programs are based on educating the parents 
on the sleep development and behavioral principles 
to prevent the sleep onset delay [5]. Typically, these 
methods are effective during the prenatal period and 
children up to 6 months [37].

Educating the parents met criteria treatment and this has 
been established by trial and error. Studies have demon-
strated the effectiveness of prevention parental education 
in sleep disorders were those of Wolfson, Futterman, and 
Lacks [40], which randomly assigned 60 mothers and 
fathers waiting for their child (pre-childbirth), in an ex-
perimental and control group. Only on the experimental 
group, the educational training on sleep had been made 
prior to delivery. Using data from the diaries of parents, 
researchers found that 6-9 weeks old children of parents 
who had received training slept significantly better than 
the control group. 

Adair et al. in 1993 have demonstrated the efficiency 
of the preventive education program based on behav-
ioral strategies. They studied 164 infants of 4 months 
who went to a health visit, which accounted for the 
intervention group (where the training was done) and 
compared them with a control group of 128 children 
from the same age. After 9 months, the control group 
showed a greater likelihood of waking during the night 
compared to the experimental groups. All results are 
based on the diaries and reports from their parents. 
Finally, Kerr et al. [20] found that in children aged 3 
to 9 months, whose parents were provided informa-
tion on sleep, showed significantly fewer sleeping 
disorders than the control group. The operation was 
performed on the parents orally by a researcher with 
additional written material. The results were based 
on interviews with parents. Finally, it was shown that 
preventive parental education is faster and cheaper 
than the techniques previously mentioned [25,26].
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Uses of pharmacotherapy in children’s sleep disor-
ders. Although the vast majority of children’s sleep 
disorders will be resolved only with the cognitive-
behavioral, a combination of that with pharmacologi-
cal intervention might be more effective in certain 
clinical situations, for example children with ADHD 
or autism. The decision to use medicine should be 
considered when behavioral interventions were not 
effective and considering the child’s medical history, 
the child’s development, and weighing the relative 
risks and benefits of the patient. 

In instituting drug therapy the following should be 
considered: a) heterogeneity etiology of insomnia b) 
the presence of contributing factors (psychopathologi-
cal, biological, social, family) c) the need to always 
associate types of behavior treatments, relational 
psychodynamic d) the possibility of the habituation 
phenomena and suspension rebound e) the paradoxical 
effect of certain substances f) the parent’s resistance 
against the drug [10].

A French investigation [25,26] demonstrated that 
65% of generic medications and 56% of the pedi-
atrics prescribe children medicine to sleep. The use 
of pharmaceuticals for sleep disorders are also very 
common in Italy, data from a recent national survey 
on the use of medication in children younger than 
6 years have shown that 58.54% pediatricians and 
61.21% of child psychiatrists most commonly use 
antihistamines (52.03% pediatricians, 22.14% child 
psychiatrists).

Pharmacotherapy treatment should be considered if 
the symptoms are so severe that they significantly 
interfere with daily life and an unsatisfactory re-
sponse with other therapeutic approaches. These cases 
shouldn’t wait until the disorder becomes chronic 
before prescribing a sedative or hypnotic drug. It is 
always better to refer to a short course of medication 
rather than to intervene later with a chronic disorder 
that requires a more complex and prolonged therapy 
that may led to energy impairment during the day 
and disturbances in family dynamics. In each case, 
the association with a cognitive-behavioral treatment 
seems to improve compliance. In children and adoles-
cents, all the implications involving the relationship 
between the patient, the disorder, the drug and the 
doctor also extend to the family dynamics must be 
taken into consideration as they may affect the effec-
tiveness of therapy. In fact, at the parent’s request of 

pharmaceuticals it is also appropriate that the doctor 
decipher what underlies the request, such as tension-
type, aggression, or the realization of a mechanism 
of control over the child (ibidem). 

An analysis of literature showed that the most effec-
tive treatment of sleep disorders, especially difficulties 
falling asleep and nighttime awakenings of the infant 
are extinction (standard, with parental presence, and 
gradual), the bedtime routine, scheduled awakenings, 
and preventive parental education. Different types of 
extinction, even if supported from literature, present 
limits about their application due to the difficulty 
and will of the parents to continue such actions. The 
difficulty arises from the fact that the parents cannot 
ignore their child’s cries, above all for a period of 
time. It has also been suggested that extinguishing 
(standard) strategies could be detrimental to the men-
tal health of the child and the parent-child attachment 
[17]. However, literature shows that in about 80 % of 
children treated with the extinction procedure reported 
improvements in sleep and the positive responses that 
show up after several weeks of intervention [9]. Apart 
from the possible effects of cognitive-behavioral 
interventions, the parent-child attachment, the in-
fant’s sense of security, the long-term efficiency of 
cognitive-behavioral interventions are other issues 
that have received little attention. There is substantial 
evidence that testify the long-term benefits with few 
exceptions, the most part of the follow-up studies 
were limited to 6-30 months after the intervention 
[12,13]. The follow-up analysis would be important 
for both the child and the family as it could provide a 
good motivation for applying this type of intervention.  
Furthermore, it is important to know the long-term 
consequences of sleep disorder in those who do not 
receive any treatment in early childhood and would 
be appropriate to conduct further studies to verify the 
efficacy of these treatments. 

Despite these shortcomings, so far the data (uncon-
trolled case studies and some well-controlled trials) 
provides a positive feedback about the effectiveness 
of behavioral interventions, which should increase 
the benefits for the patient but should be better de-
fined. The treatment of cognitive - behavioral was 
more effective than no treatment, placebo, drugs and 
alternative therapies [37]. The identification and man-
agement of sleep disorders in childhood may improve 
the health and emotional well-being in adolescence 
and adulthood [15].
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This review aims to critically analyze the literature stud-
ies showing the effectiveness of cognitive-behavioral 
strategies in the treatment of sleep disorder during the 
developmental age. About 15-35% of children suffer from 
sleep disorder. If they are not treated right away, it can persist 
into adulthood. Recent studies demonstrate an effective 
cognitive-behavior treatment for these disturbances. In this 
regard, the most effective method seems to be extinction 
(standard, with parental presence, graduated), the bedtime 
routine, scheduled awakenings, and preventive parent 
education. The procedures of extinction, not only its ef-
fectiveness, have limited application for the difficulty that 
compares to the parents following the procedure of the 
intervention. They are not able to ignore their children when 
they are crying for long prolonged period of time. Bedtime 
routine is relevant in the prevention and treatment of sleep 
disorders. The scheduled awakenings are a useful technique 
that teaches parents to change the way they interact with 
the child’s disturbed sleep, allowing recovery. Finally, 
preventive parental education depends on the parents or 
caregivers and aims to educate them; during the prenatal 
or postnatal period with their child’s sleep it seems useful 

in preventing irregular pattern formation and temporal 
regulation of sleep. 

The vast majority of children’s sleep disruptions seem 
to resolve only with the cognitive-behavioral inter-
vention, while in some psychopathologic disruptions 
it is necessary to combine cognitive-behavioral and 
drug therapy. 

Literature reviews show that clinical research con-
cerning sleep disruptions is still very limited. In cur-
rent reviews, there have been diverse investigations 
on efficacy of cognitive-behavioral interventions and 
sleep disruptions, highlighting both the strong points 
and weak points. Therefore, this analysis could be a 
starting point for developing further research since 
there is a lack of studies in relation to evidence-based 
interventions and specific therapeutic factors for each 
intervention and disturbance. 

Key words: sleep disorder, cognitive-behavioral treat-
ment, drug therapy, developmental age. 
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Целью обзорной статьи является критический 
анализ литературы относительно эффективности 
когнитивно-бихевиористской терапии расстройств 
сна в период развития ребёнка. Приблизительно 
15-35% детей страдают от расстройства сна. 
Если заболевание не вылечить сразу, то оно 
может присутствовать и во взрослой жизни. Ис-
следования показали эффективность когнитивно-
бихевиористской терапии расстройств сна у детей. 
В этом отношении, наиболее результативными 
методами являются экстинкция (стандартная, в 
присутствии родителей, градуированная), ритуал 
подготовки ко сну, запланированные пробуждения 
и профилактическое обучение родителей. Проце-
дуры экстинкции, несмотря на еe эффективность, 
имеют ограниченное применение ввиду трудно-
стей в осуществлении вмешательств. Родители 
не в состоянии игнорировать плач своих детей в 
течение длительного промежутка времени. Ритуал 
подготовки ко сну важен для предотвращения и 
лечения расстройств сна. Запланированные про-
буждения - полезная техника, которая учит родите-
лей взаимодействовать с нарушением сна ребенка 

по разному и способствует выздоровлению. Успех 
в профилактическом обучении родителей зависит 
от самих родителей или опекунов. Обучение на-
правлено на предотвращение формирования нере-
гулярной модели сна и временное регулирование 
сна в предродовом или послеродовом периодах. 

В большинстве случаев для излечения наруше-
ний сна достаточна когнитивно-бихевиористская 
терапия детей, только в некоторых случаях пси-
хопатологических нарушений требуется комбини-
рованное лечение: когнитивно-бихевиористская 
терапия и фармакотерапия. 

Анализ литературы показал небольшое число 
клинических исследований по расстройству 
сна. В обзорах литературы последних лет, 
посвящённых эффективности когнитивно-
бихевиористской терапии при нарушениях сна, 
освещались сильные и слабые стороны дан-
ного метода лечения. Представленный анализ 
литературы может стать отправной точкой для 
дальнейших исследований.
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Zilis darRvevebis marTva bavSvebSi: romelia swori strategia?
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bavSvebis 15-35%-s aReniSnebaT Zilis 
darRvevebi. Tu mkurnaloba droulad 
ar iqna Catarebuli, daavadeba SeiZleba 
mozrdilobis periodSic gagrZeldes. 
bolo wlebis gamokvlevebma aCvenes 

SemecnebiTi-qceviTi Terapiis efeqturo-
ba aseTi saxis darRvevebis dros. am 
mxriv, yvelaze efeqturi meTodebia e.w. 
eqstinqcia (standartuli, mSoblebis Tan-
daswrebiT, graduirebuli), dasaZineblad 
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momzadebis rituali, dagegmili gaRviZeba 
da mSoblebis prevenciuli ganaTleba. 
sirTulis gamo eqstinqciis procedurebi 
SezRudulad gamoiyeneba. mSoblebs ar 
SeuZliaT yuradReba ar miaqcion bavS-
vebis xangrZliv tirils. dasaZineblad 
momzadebis rituali marTebulia Zilis 
darRvevebis prevenciisa da mkurnalo-
bisTvis. dagegmili gaRviZeba kargi 
meTodia, romlis meSveobiT mSoblebi 
swavloben, Tu rogor unda miudgnen 
Svilis Zilis darRvevebis problemas, 
rac gamojanmrTelebas uwyobs xels. 
da bolos, mSoblebis prevenciuli 
ganaTleba damokidebulia TviT mSoble-
bze an ZiZebze da mimarTulia araregu-
lirebuli Zilis modelisa da Zilis 
drouli regulaciis gamomuSavebis pre-
venciaze prenatalur Tu postnatalur 
periodebSi. 

TEMPO AND AMPLITUDE IN GROWTH

Michael Hermanussen

Aschauhof, Altenhof, Germany

Growth is defined as an increase of size over time 
with time usually defined as physical time. The human 
growth curve has a unique pattern with characteristic 
changes in height velocity [1]. Height velocity is 
defined as the difference of two height measure-
ments divided by the time interval in between. Rapid 
intrauterine growth with maximum height velocity in 
the 3rd trimenon is followed by a postnatal spurt im-
mediately after birth, a mid-growth spurt at the age 
of 6-7 years, and a pubertal growth spurt with peak 
height velocity during mid-puberty, around the age 
of 13-14 years in boys, and 11-12 years in girls. In 
addition, minor spurts exist. Cyclic variation in height 

velocity at approximately 2 year periodicity has been 
described by Butler et al. [3], and short-term changes 
in height velocity occur at even smaller intervals of 
few days (mini-growth spurts) at intervals of 2 to 10 
days, followed by periods of growth arrest or dimin-
ished growth velocity [8]. As this pattern consists of 
jumps followed by stagnation, some authors refer 
to it as saltation and stasis [Lampl et al. 12]. During 
periods of illness, starvation or social deprivation, 
height velocity tends to decelerate, but usually rises 
again and compensates for the previous losses (catch 
up growth [22]) when the unfavourable situation has 
been overcome.

bavSvebSi Zilis darRvevis umravlesi 
SemTxvevebi saWiroebs mxolod Semec-
nebiT-qceviT Carevebs, Tumca zogierT 
SemTxvevebSi saWiroa medikamentozuri 
mkurnalobis damatebac.

literaturuli mimoxilva gviCvenebs, 
rom Zilis darRvevebze koncentrire-
buli kvlevebi sakmaod SezRudulia. 
bolo wlebis mimoxilvebSi warmodge-
nilia sxvadasxva kvleva SemecnebiT-
qceviTi intervenciebis efeqturobaze 
Zilis darRvevebis dros, naCvenebia 
rogorc Zlieri, aseve susti mxareebic. 
amrigad, mocemuli analizi SeiZleba 
CaiTvalos sawindrad Semdgomi kvlevebis 
dagegmvisaTvis, radgan mtkicebulebebze 
dafuZnebuli medicinis princi pebis 
dacviT Sesrulebuli kvlevebi aRniSnul 
sferoSi sakmaod mcirea. 
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Plotting growth – the two components
We are used to plot growth measurements on Carte-
sian coordinate systems with an x-axis and a y-axis. 
Children grow with age, height depends on age, and 
we therefore depict height on the y-axis (dependent 
variable) and age on the x-axis. Yet, the rigid metric 
of physical time is not directly relevant to the internal 
dynamics of growth. Growth is linked to maturation. 
Children who grow also mature. Children and ado-
lescents differ in the tempo at which they mature. In 
contrast to the metric scale for height (cm) and the 
metric scale for physical time (age in years) there is 
no apparent metric scale for maturation. One calendar 
year differs in its meaning in a fast maturing, and in 
a slow maturing child. The slow child needs more 
calendar years for completing the same stage of matu-
rity. This is true also for a population. Different ethnic 
groups and groups that live under different economic, 
political or historical circumstances differ in tempo. 
Figure 1a shows the 50th percentiles for height in 5 
representative German growth studies; one old and 
one modern study from 1893 [15] and 1997 [9], one 
study from post-war West Germany (1961 [21]), and 
two studies from the former German Democratic Re-
public (1961 [18]) and (1991 [4]). Except for infancy 
and childhood, 19th century Germans were shortest at 
all ages and reached final height late. The Figure is 
done in the usual way, and plots height measurements 
in centimetres (y-axis) on age in years (x-axis). Let 
us transpose the x- and the y-axis (Figure 1b), and 
plot age in years (y-axis) on height in centimetres 
(x-axis). This plot now depicts age groups that are to 
be expected in particular height classes. E.g., the 164 
cm-height class comprises 14-year old Germans from 
1997, but 16-year old ones from 1893. The question 
rises: are modern adolescents taller, or do they mature 
at faster pace? Or shall we ask: is modern growth 
characterized by a larger amplitude component, or 
by a faster tempo component?

In fact, both is true. But measuring tempo is difficult. 
In the early 1960ies, Hewitt and Acheson [10,11] in-
troduced a scoring system for measuring maturity as 
an indicator of tempo. Maturity scores exhibit gender 
dimorphism, with girls scoring approximately two 
years earlier than boys. Unfortunately, the scores for 
skeletal maturity were later turned back into male 
and female “bone ages”, muddling up mean annual 
developmental progress of the reference population, 
“calendar age”, and the individual progress in matu-
ration. This uncomfortable semantic confusion still 
persists. Significant progress was recently made using 

Functional Data Analysis and Principal Component 
Analysis [17]. Functional Data Analysis provides a 
statistical tool to separate and differentiate amplitude 
and developmental progress (tempo). Using Principal 
Component Analysis it is possible to quantify ampli-
tude and tempo [6]. This approach does not require 
an external estimate of developmental progress, but 
utilises information that is already present in longi-
tudinal sets of measurements and can even be used 
in historical sets of data [13].

Fig 1a. 50th percentiles for height in 5 German growth 
from 1893 [15], 1997 [9], West Germany (1956 
[21]), German Democratic Republic (1961 [18] and 
1991 [4]). The Figure is done in the usual way, and 
plots height in centimetres (y-axis) on age in years 
(x-axis)

Fig 1b. 50th percentiles for height (Figure 1a) after 
transposing the x- and the y-axis, plotting age (y-axis) 
on height (x-axis)

Let us redraw the data again, and instead of absolute 
height, plot percent of final height (y-axis) on age in 
years (x-axis) (Figure 2a). Differences in amplitude 
now disappear, and the studies converge at final 
height (18 years). Transposing the x- and the y-axis 
(Figure 2b) illustrates that East German adolescents 
had reached 92% of final height already at 14 years, 
whereas the 1956 post-war and the late 19th century 
Germans reached 92% not before the age of 15 years, 
i.e. one year later. Historic Germans matured at a 
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slower pace and needed one year longer for final 
height. 

Fig 2b. 50th percentiles for height plotting percent 
of final height (y-axis) on age (x-axis). The studies 
converge at final height (18 years)

Fig 2b. 50th percentiles for height (Figure 2a) after 
transposing the x- and the y-axis, plotting age (y-axis) 
on height (x-axis)

“Catch-up growth” or ”catch-up in tempo”
Many characteristics in the human growth curve are 
tempo characteristics. Catch-up growth after periods 
of illness and starvation [16] is usually a catch-up in 
tempo, with little or almost no effect on amplitude. 
Rich historic evidence illustrates the effects of social 
disaster on growth, and at the same instant shows, 
that these effects are almost completely limited to 
tempo. During the German occupation of World War 
II, Oslo schoolgirls showed marked growth impair-
ment coinciding with the period of disaster [2], but 
rapidly caught up and achieved normal adult stature 
(Figure 3). The growth impairment was simply a delay 
in tempo, the catch-up thereafter, was a catch-up in 
tempo. The years of starvation and political depres-
sion had no effect on the amplitude component in 
this population. Similar phenomena were observed in 
German school boys during and after World War II [5]. 

Tempo appears to be more sensitive than amplitude to 
nutrition, health and environmental stress. This also 
applies for most clinical situation. 

`

Fig 3. Mean height of Oslo school girls between 1920 
and 1975 ([2], reprint by courtesy of the publisher). 
Marked reduction of height is obvious in cohorts 
that suffered from starvation during the German 
occupation of World War II. After starvation, catch 
up growth occurred immediately with no evidence of 
persistent growth impairment. Height in 18 year old 
females (near final height) appeared unaffected by 
the starvation. The apparent height losses in the 8, 
9, and 10 year old cohorts of 1942 have disappeared 
in the 18 year old cohorts of 1950, 1951 and 1952 
(same individuals)

The clinical situation
Significant improvements in growth velocity are often 
taken as medical success when treating growth disorders. 
But growth velocity is defined by calendar time, and by 
definition, never refers to tempo. Also in the clinical situ-
ation, we need to disentangle amplitude and tempo. 

Patients with congenital adrenal hyperplasia (CAH) 
are accelerated in tempo. Figure 4 illustrates the pat-
terns of height SD scores and tempo advancement 
(maturation age minus calendar age in years) in a CAH 
girl with a more than 3 year acceleration in tempo. 
Tempo is shown by Principal Component Analysis 
and Maximum Likelihood Principle [6]. The graph 
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illustrates how closely both height SDS and tempo 
correspond to each other. The figure underscores also 
in this case that “growth advancement” expressed in 
height SDS, is tempo advancement. Figure 5 shows 

a cystic fibrosis patient who decelerated up to 1.6 
year in tempo, but reached appropriate final height. 
The tempo impairment did not impair the amplitude 
component of growth. 
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Fig 4. Upper graph: measured height (measur H), 
modeled height (model H [6]) and three common 
percentiles (P50, P3 and P97) in a CAH female with 
advanced developmental tempo. Upward percentile 
crossing during pre-pubertal age is obvious. 
Lower graph: tempo advancement (tempo adv) and 
height SDS of the same child. The tempo steadily ad-
vances over physical time and reaches a plus of more 
than 3 years at the calendar age of 12. The tempo 
advancement parallels the increase in height SDS

Fig 5. Upper graph: measured height (measur H), 
modeled height (model H [6]) and three common 
percentiles (P50, P3 and P97) in a late matur-
ing CF female. Downward percentile crossing 
is obvious.
Lower graph: tempo advancement (tempo adv) and 
height SDS of the same child. The tempo steadily de-
clines below physical time and reaches -1.6 years at 
the calendar age of 16. The tempo retardation nicely 
parallels the decrease in height SDS

An appropriate analysis of growth requires disen-
tangling its two major components: amplitude and 
tempo. The assessment of the developmental tempo 
thus is an integral part of assessing child and adoles-
cent growth. Apart from assessing skeletal maturity 
that has recently been automatized [19,20] with sur-
prisingly good results, and plotting serial measures 
of height SDS and searching for characteristic SDS 
patterns such as percentile crossings and SDS peaks 
[7], it is strongly recommended to further analyse 
growth patterns by applying Principal Component 
Analysis. Though an Internet portal is currently avail-

able to process small amounts of height data (www.
willi-will-wachsen.com) for separately determining 
amplitude and tempo in growth [14], there is urgent 
need of better and practical solutions for analyzing 
individual growth.
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SUMMARY

TEMPO AND AMPLITUDE IN GROWTH

Michael Hermanussen

Aschauhof, Altenhof, Germany

Growth is defined as an increase of size over time 
with time usually defined as physical time. Yet, the 
rigid metric of physical time is not directly relevant 
to the internal dynamics of growth. Growth is linked 
to maturation. Children and adolescents differ in the 
tempo at which they mature. One calendar year dif-
fers in its meaning in a fast maturing, and in a slow 
maturing child. The slow child needs more calendar 
years for completing the same stage of maturity. 
Many characteristics in the human growth curve are 
tempo characteristics. Tempo – being fast or slow 
maturing – has to be carefully separated from am-
plitude – being tall or short. Several characteristic 
phenomena such as catch-up growth after periods of 
illness and starvation are largely tempo phenomena, 
and do usually not affect the amplitude component 
of growth. Applying Functional Data Analysis and 
Principal Component Analysis, the two main sources 
of height variance: tempo and amplitude can statisti-
cally be separate and quantified. Tempo appears to 
be more sensitive than amplitude to nutrition, health 
and environmental stress. An appropriate analysis of 
growth requires disentangling its two major compo-
nents: amplitude and tempo. The assessment of the 
developmental tempo thus is an integral part of as-
sessing child and adolescent growth. Though an In-
ternet portal is currently available to process small 
amounts of height data (www.willi-will-wachsen.
com) for separately determining amplitude and tem-
po in growth, there is urgent need of better and prac-
tical solutions for analyzing individual growth.

Key words: amplitude, tempo, height velocity, mat-
uration.
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РЕЗЮМЕ

ТЕМП И АМПЛИТУДА РОСТА

Михаел Германуссен

Ашаугоф, Алтенгоф, Германия

Под термином рост понимается изменение разме-
ров тела или уровней зрелости организма ребенка 
и определяется как увеличение размера тела в те-
чение определенного периода времени. Скорость 
роста ребёнка связана с созреванием. Однако из-
вестно, что созревание детей протекает в разном 
темпе. Один календарный год отличается по свое-
му значению у детей, созревающих в быстром и 
у детей созревающих в более медленном темпе. 
Ребенок, созревающий в медленном темпе, нуж-
дается в большем количестве календарных лет, 
чтоб достичь стадии зрелости. Темп, означающий 
быстроту или медленность созревания, необходи-
мо разграничить от амплитуды, означающей быть 
высоким или низким. Характерная черта темпа 
роста –  возможность наверстать дефицит роста 
после периода болезни и голодания, не влияет на 
амплитудный компонент роста. С помощью функ-
ционального анализа данных (FDA) и  с помощью 
метода основных компонентов (PCA) можно стати-
стически разграничить и подсчитать два основных 
источника дисперсии высоты: темп и амплитуду. 
Темп представляется более чувствительным, чем 
амплитуда по приему пищи, здоровью и экологи-
ческому стрессу. Должный анализ роста требует 
отдельного рассмотрения этих двух его основных 
компонентов: амплитуды и темпа. Таким образом, 
оценка темпа развития является неотъемлемой 
частью оценки роста ребенка и подростка. Хотя 
интернет-портал для обработки малых количеств 
данных роста (www.willi-will-wachsen.com ) в на-
стоящее время доступен, для того, чтобы с целью 
анализа роста отдельного индивидуума отдельно 
определить амплитуду и темп роста, необходим 
поиск лучших и практических решений.

reziume 

zrdis tempi da amplituda

mixael hermanuseni

aSauhofi, alTenhofi, germania

zrda ganisazRvreba, rogorc sxeulis 
zomis mateba garkveul droSi, anu rogorc 
fizikuri dro. Tumca fizikuri dro ar 
aris pirdapir damokidebulebaSi zrdis 
Sida dinamikasTan. zrda dakavSirebulia 
momwifebasTan. bavSvebi da mozardebi 
gansxvavdebian momwifebis tempiT. kalen-
daruli weli gansxvavebulia momwifebis 
swrafi da neli tempis mqone bavSvebSi. 
bavSvs momwifebis neli tempiT meti 
kalendaruli weli sWirdeba momwifebis 
garkveuli donis misaRwevad. adamianis 
zrdis mrudis bevri Tavisebureba tempis 
Taviseburebas warmoadgens. zrdis tempi am-
plitudasTan SedarebiT ufro mgrZnobiare 
aris iseTi faqtorebis mimarT, rogoricaa: 
kveba, janmrTelobis mdgomareoba, garemoTi 
ganpirobebuli stresi. zrdis SefasebisaT-
vis saWiroa misi ori ZiriTadi komponen-
tis – amplitudisa da tempis - cal-calke 
ganxilva. amgvarad ganviTarebis tempis 
Sefaseba bavSvTa da mozardTa zrdis Se-
fasebis ganuyofel nawils warmoadgens. 
miuxedavad imisa,  rom internet portalze 
www.willi-will-wachsen.com mocemulia amJamad 
miRebuli martivi meTodi zrdis tempisa 
da amplitudis cal-calke gamoTvlisTvis, 
individualuri zrdis Sesafaseblad uke-
Tesi da ufro praqtikuli saSualebebis 
moZiebaa aucilebeli.
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ANTHROPOMETRIC DATA PECULIARITIES
 IN EARLY SCHOOL CHILDREN POPULATION

Jorjoliani L., Karseladze R., Vekua M., Chkhartishvili E., Bigvava T.

I. Javakhishvili Tbilisi State University; I. Paghava Scientific Research Institute of Pediatrics, Georgia

Physical development is an objective, integral in-
dicator for children population health assessment, 
that reflects complex influence of biological, social, 
economic, hygienic, climate, geographic factors on 
child organism [2,5].

Children’s growth and development is determined 
by endogenous (parental health, endocrine system 
pathology, inheritance patterns), and exogenous factors 
(nutritional status, relaxing, physical and mental load, 
and etc.). According to published references analysis 
from decades to decades the variability of children’s 
anthropometric data is under the influence of nutritional 
conditions [7], urbanization [3], and genetic factors [10]. 
Observation of 22, 000 school aged children revealed 
processes of acceleration and deceleration in most of 
aged groups [9]. Anthropometric study data conducted 
in similar groups are the basis for population monitoring 
on the giving territory [4,5]. 

An appropriate informative method for physical de-
velopment assessment is to determine the harmoniza-
tion of biological development level of individual and 
its morpho-functional status. 

During the process of individual physical develop-
ment data assessment the level of anthropometric 
measurements are given in percentile intervals [4,8]. 
On the basis of nonparametric statistical analysis 
percentile method gives possibility to evaluate child 
development rate along with ontogenesis and to reveal 
nutritional disorders in time [1,6]. 

The aim of study was the assessment of harmoniza-
tion degree level of anthropometric data and physical 
development in early school aged children. 

The cross-sectional, single study was carried out. 
After the preliminary identification by the method of 
simple randomized election of schools and observed 
persons was performed. Representative population 
of 400 otherwise healthy early school aged children 
were included in study group. Study period covered 
the end of school year. 

Criteria to be included in the study were: early school 
age (6 to 7 years of children); secondary school atten-
dance before the study was started; parental agreement 
for child assessment.

Criteria to be excluded from the study were: refusal to 
be included in the study; chronic somatic pathology, 
which could itself cause nutritional disorders. 

In the selected contingent anthropometric measure-
ments (body height, body weight, head and chest 
circumference) were assessed, and body height and 
weight percentile table was constructed For selec-
tion characteristics the points of third, tenth, twenty 
fifth, fifties, seventy fifth, ninetieth, ninety seventh 
percentiles were used. The dissociation between these 
percentiles makes the percentile intervals. Those data 
that were between the range 25-50-75 percentiles were 
consumed as the normal. Data less than 3 percentile 
and above 97 percentile presumed as the abnormal. 
The level of physical development harmonization 
was evaluated by the use of 2 dimensional percentile 
table - “body height – body weight”. 

According to study results the mean height norma-
tive data in 6 year-old children (interval IV-V) was 
characteristic for 14 %. For girls it was 112-118 cm 
and for boys 113-118 cm. In most of cases there has 
been revealed the tendency to height increase (40 %). 
Very high numerals (more than 97 percentile) were 
in 45 % of cases. Among them for girls it was 125-
133 cm, and for boys – 126-140 cm. similar changes 
observed in 6 years old children in terms of body 
weight measurements. Only 21 % of children had 
mean body weight data, and for girls it was 19-22 
kg, and for boys – 20-22 kg. In both groups evenly 
observed the tendency for weight gain. In this group 
among 28 % of cases data were increased, and in 19 
% of cases data were above 97 percentile. For 6 years 
of age girls very high measurements were 29-40 kg, 
and for boys – 30-40 kg. 

In 7 years old children the mean height normative 
percentiles (intervals IV-V) were observed in 20 % 
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of cases and for both, for girls and boys they were 
120-125 cm. In most of cases (79 %) in both groups 
there has been revealed the tendency to height increase. 
In difference with 6 years old of children group the 
acceleration degree was less prominent. More than 97 
percentile (very high measure) was in 30 % of cases, and 
for girls it was 133-140 cm and for boys 133-138 cm. 

According to percentile data table for body weight 
in 7 years of age group children there have been ob-
served weight mean data in 23 % of cases. For girls 

it was 21-23 kg and for boys 22-23kg. The tendency 
to weight gain was equal in both subgroups. Weight 
gain was in 26 % of cases, high measurements - in 
26%, body weight gain very high level – in 19%. For 
7 years of age girls very high level of weight gain data 
were 34-38 kg and for boys – 33-42 kg. 

In general, anthropometric data in boys were high in 
comparison with physical development data in girls. 
But, here it worth to mention, that this differentiation 
was not statistically proved (table). 

Table. Physical development data in coordination with sex in children

Anthropometric 
data

 Statistical significance 

Mean
Std.

Error of 
Mean

Median Mode  Std. De-
viation

Minimum
Maximum

Weight (kg)
Girls
boys

24.62
25.57

0.285
0.320

24.00
25.50

24
22

3.918
4.315

19;40
16;40

Height (cm)
Girls
boys

123.67
124.07

0.390
0.444

123.00
124.00

122
122

5.358
5.986

112;135
110;138

Chest circumference (cm)
Girls
boys

62.81
63.78

0.332
0.305

63.00
64.00

64
65

4.569
4.117

55;76
55;76

Head 
circumference (cm) 

Girls
boys

51.56
52.10

0.120
0.124

52.00
52.00

52
52

1.645
1.679

45; 55
48; 56

An internal correlative links have been revealed 
between children’s physical development data. Sig-
nificant correlative links (C=0.716; p=0.000) were 
observed between weight and height numerals. These 
two parameters themselves have a significant influ-
ence on head and chest circumference (weight-height 
to head circumference C=0.574; p=0.000 C=0.558; 
p=0.000. weight-height to chest circumference 
C=0.750; p=0.000. C=0.572; p=0.000). 

The degree of children’s physical development 
harmonization was determined according to body 
weight and height ratio expressing in percentile 
data. Two dimensional percentile tables - “body 
height – body weight”. Evaluation was performed 
by following gradation system: Harmonized physi-
cal development – all anthropometric data were 
situated in the range of 25 and 75 percentiles, and 
difference between intervals was no more than 1; 
Disharmonized - body weight and height were 
less in comparison with to normal data because 
of weight deficit (percentile 10-25) or were more 

than normal in favor of obesity (percentile 75-90) 
i.e. the difference between intervals was 2; Very 
disharmonized - during physical development 
body weight and height were markedly less than 
normal values (percentile 3-10) or were mark-
edly excessive than normal (percentile 90-97) 
i.e. the difference between intervals was more 
than three. 

Physical development harmonization values were 
studied in 200 children. Harmonized physical 
development revealed in 50 children (25%); dis-
harmonized physical development I 50 children 
(15%), among them with I degree weight gain were 
48 (24%), and with I degree weight deficit were 2 
(1%). Markedly disharmonized development had 
100 children (50%), among them with II degree 
weight gain were 98 (49%), and with II degree 
weight deficit were 2 (1%). 

Thus, on the basis of percentile method of assess-
ment, during both processes, individual anthropo-



	
Georgian Medical News  
No 7-8 (196-197) 2011

© GMN 91 

metric data and general physical development data 
in children revealed as follows: in early school aged 
children body height and weight were markedly 
increased. This event indicated to the prevalence 
of acceleration, weight gain and in some cases 
obesity.

According to the children’s anthropometric data and 
assessment by physical development harmonization 
percentiles tables three groups of children were orga-
nized: main, risk group and the group with deviation 
in physical development.

In main group there were children, whose physical 
development during body height and weight one 
linear assessment was in coordination with median, 
increased or diminished values (interval III-VI) and 
harmonized ration between these numerals (normal 
chart interval IV-V). In main group were included 6 
years aged 56% of children and 7 years aged 60% of 
children, whose anthropometric data were in the range 
of physiological normative. Due to above mentioned 
these group of children do not require further specific 
medical observation. 

In risk group were included children: - with body 
height and weight increased or decreased data 
(intervals VII and II); Disharmonized physical 
development (normal chart intervals III-VI); - if 
body weight and height data deviation from normal 
values with only one interval. In risk group included 
children were 6 years of old 25% and 7 years of 
old 21%. This contingent covered “observation” 
group, that involved individual measurements upon 
medical observation. 

To the group of children with deviation in physical 
development belonged: - children with very high or 
very low values of body height and weight (intervals I 
and VIII); - those cases where body height and weight 
data were outside of normal chart on two intervals. In 
the group of deviation in physical development were 
collected 19 - 19 % of 6 and 7 years of old children. 
These selected children organized the “diagnostic” 
group, that in future needs active, additional and 
thorough investigations. 

In summary, the study of early school aged children’s 
physical development gives possibility for risk groups 
stratification, which in turn itself makes a strong basis 
for reasonable preventive measurements and stepwise 
monitoring implementation. 

REFERENCES 

1. Васильев И.В. Методы оценки физического 
развития детей и подростков. http://www.proshkolu.
ru/club/health/blog/5718  2009
2. Волкова Л.Ю., Копытько М.В., Конь И.Я. 
Физическое развитие школьников Москвы: 
современное состояние и методы оценки. Гигиена 
и санитария 2004; 4: 42-46. 
3. Козлов А.И. Физическое развитие детей России: 
география, урбанизация, социальные условия. VIII 
Всероссийский семинар-школа по возрастной 
физиологии и культуре здоровья. Школа и здоровье 
2005. http://aikozlov.narod.ru/physdev.html
4. Оценка развития ребёнка по центильным 
таблицам. Блог педиатра, рубрика развитие 
ребёнка. 2009. http://www.blogpediatra.ru/2009/10/
ocenka-razvitiya-rebenka-po-centilnym-tablicam/
5. Руденко Н.Н., Мельникова И.Ю. Актуальность 
оценки физического развития детей. 2010.
6. Child Anthropometry: A Literature Scan of National and 
International Publications. Submitted to Transport Canada, 
Road Safety and Motor Vehicle Regulation Directorateby 
the Canadian Institute of Child Health. March 2007.
7. Daniels S.R., Arnett D.K., Eckel R.H et al. Over-
weight in children and adolescents: pathophysiology, 
consequences, prevention, and treatment. Circulation 
2005; 111(15): 1999-2012.
8. Ekelund K., Ong K., Linne Y., Neovius M. et al. Upward 
weight percentile crossing in infancy and early childhood 
independently predicts fat mass in young adults: the 
Stockholm Weight Development Study (SWEDES). Am. 
J. Clinical Nutrition 2006; 83(2): 324 - 330. 
9. Stanojevic S., Kain J., Uauy R. Secular and seasonal 
trends in obesity in Chilean preschool children, 1996-2004. 
J Pediatr Gastroenterol Nutr. 2008; 47(3): 339-43.
10. Virgone E., Carneglia L., et. al. Anthropometric 
indices of school children and familiar risk factors. 
Prev Med. 2002; 35(5): 492-8.

SUMMARY
 
ANTHROPOMETRIC  DATA  PECULIARITIES  IN 
EARLY  SCHOOL  CHILDREN  POPULATION

Jorjoliani L., Karseladze R., Vekua M., Chkhar-
tishvili E., Bigvava T.

I. Javakhishvili Tbilisi State University; I. Paghava 
Scientific Research Institute of Pediatrics, Georgia

The anthropometric data were studied in early school 
aged (6-7 years old) children and the degree of harmo-
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nization during physical development was evaluated. 
Representative population of 400 otherwise healthy 
early school aged children was included in study group. 
Study period covered the end of school year. In the se-
lected under observation focused population the level 
of individual anthropometric data was determined in 
percentile intervals according its position. 

Anthropometric data assessments by using percen-
tile method it was revealed in early school aged (6-7 
years of old children) excess in body height and 
weight in comparison with normal values. This phe-
nomenon indicates the prevalence of acceleration 
and weight gain. Anthropometric data in boys were 
increased while comparing with physical develop-
ment data in girls. This result difference has the ten-
dency to statistically insignificant. 

Physical development harmonization values were 
studied in 200 children. Harmonized physical devel-
opment revealed in 50 children (25%); disharmonized 

physical development I 50 children (15%), among 
them with I degree weight gain were 48 (24%), and 
with I degree weight deficit were 2 (1%). Markedly 
disharmonized development had 100 children (50%), 
among them with II degree weight gain were 98 (49%), 
and with II degree weight deficit were 2 (1%). 

According to the children’s anthropometric data and 
assessment by physical development harmonization 
percentiles tables three groups of children were or-
ganized: main, risk group and the group with devia-
tion in physical development.

On the basis of resulted data the study of early school 
age children’s physical development gives possibility 
for risk groups stratification, which in turn itself makes 
a strong basis for reasonable preventive measurements 
and stepwise monitoring implementation. 

Key words: early school age children, anthropomet-
ric data assessments, physical development.

РЕЗЮМЕ

ОСОБЕННОСТИ АНТРОПОМЕТРИЧЕСКИХ ДАННЫХ 
В ДЕТСКОЙ ПОПУЛЯЦИИ МЛАДШЕГО ШКОЛЬНОГО ВОЗРАСТА

Жоржолиани Л.Д., Карселадзе Р.Л., Векуа М.В., Чхартишвили Е.С., Бигвава Т.К.

Тбилисский государственный университет им. И. Джавахишвили; 
Научно-исследовательский институт педиатрии им. И. Пагава, Тбилиси, Грузия 

Изучены антропометрические показатели детей 
младшего школьного возраста (6-7 лет). Проведена 
оценка качества гармоничности физического раз-
вития. Репрезентативная популяция состояла из 
400 практически здоровых детей младшего школь-
ного возраста. Исследование было проведено в 
конце учебного года. Уровень индивидуальных 
антропометрических показателей определяли по 
месту расположения в центильных интервалах. 

На основании оценки антропометрических 
данных центильным методом у детей младшего 
школьного возраста выявлено увеличение роста 
и веса по сравнению со средними показателями. 
Антропометрические показатели мальчиков были 
выше, по сравнению с показателями физического 
развития девочек, однако, полученные данные не 
были статистически достоверны.

В процессе иследования были также изучены по-
казатели гармоничности физического развития 

у 200 детей. Гармоничное физическое развитие 
отмечалось у 50 (25%) детей, дисгармоничное - 
у 50 (25%) детей, среди них повышение массы 
тела I степени – у 48 (24%), а дефицит массы 
тела I степени – у 2 (1%). Резкое дисгармоничное 
физическое развитие было зафиксировано у 100 
детей (50%), среди них повышение массы тела 
II степени – у 98 (49%), а дефицит массы тела II 
степени – у 2 (1%).

На основании оценки у детей антропометри-
ческих показателей и качества гармоничности 
физического развития центильным методом, 
были выделены три группы: основная, группа 
риска и группа, имеющая отклонения в физи-
ческом развитии. 

Изучение показателей физического развития детей 
дает возможность стратификации групп риска для 
проведения целенаправленных превентивных мер 
и планомерного мониторинга.
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reziume

anTropometriuli monacemebis Tavisebu-
rebebi umcrosi saskolo asakis bavSvTa 
populaciaSi 

l. JorJoliani, r. qarselaZe, m. vekua, 
e. CxartiSvili, T. bigvava

iv. javaxiSvilis sax. Tbilisis saxelm-
wifo universiteti; i. faRavas sax. pedia-
triis samecniero kvleviTi instituti

Seswavlil iqna umcrosi saskolo asa-
kis bavSvTa (6-7  weli) anTropometriu-
li maCveneblebi da Sefasda fizikuri 
ganviTarebis harmoniulobis xarisxi. 
formirebul iqna umcrosi saskolo 
asakis praqtikulad janmrTel bavSvTa 
reprezentatuli populacia (400 bavSvi). 
kvlevis Casatareblad SerCeul iqna sas-
wavlo wlis dasasruli. sakvlev popula-
ciaSi individualuri anTropometruli 
maCveneblis done ganisazRvra centilur 
intervalebSi misi adgilmdebarebis 
mixedviT. 

antropometruli maCveneblebis centi-
luri meTodiT Sefasebis safuZvelze, 
adreul saskolo asakSi (6-7 weli) 
dafiqsirda sxeulis simaRlisa da wonis 
mateba, saSualo maCveneblebTan Sedare-

biT, rac aqseleraciisa da Warbi wonis 
prevalirebaze miuTiTebs. vaJebis an-
Tropometriuli monacemebi aRemateboda 
gogonebis fizikuri ganviTarebis maCve-
neblebs; miRebuli gansxvaveba atarebda 
statistikurad arasarwmuno xasiaTs. 

Seswavlil iqna 200 bavSvis fizikuri gan-
viTarebis harmoniulobis maCveneblebi. 
harmoniuli fizikuri ganviTareba aReniS-
neboda 50 (25%) bavSvs; disharmoniuli _ 
50 (25%) bavSvs, maT Soris masis I  xarisxis 
siWarbiT _ 48 (24%), xolo masis I  xarisxis 
deficitiT - 2 (1%). mkveT-rad disharmo-
niuli ganviTareba aReniSneboda _ 100 
(50%) bavSvs, maT Soris masis II  xarisxis 
siWarbiT - 98 (49%), xolo masis II  xarisxis 
deficitiT - 2 (1%).

bavSvTa anTropometriuli maCveneblebisa 
da fizikuri ganviTarebis harmoniulo-
bis centiluri cxrilebiT Sefasebis 
safuZvelze gamoyofili iqna sami jgufi: 
ZiriTadi, riskis jgufi da fizikur 
ganviTarebaSi gadaxrebis mqone jgufi. 
miRebuli Sedegebis mixedviT umcrosi 
saskolo asakis bavSvTa fizikuri ganvi-
Tarebis Seswavla iZleva riskis jgufe-
bis stratificirebis saSualebas, rac 
TavisTavad mizanmimarTuli prevenciuli 
RonisZiebebisa da gegmazomieri monitorin-
gis ganxorcielebis safuZvelia.

EVALUATION OF TREATMENT EFFECTS IN OBESE CHILDREN 
WITH CO-MORBID MEDICAL OR PSYCHIATRIC CONDITIONS

Craig A. Johnston, Ginny Fullerton, Jennette Palcic Moreno, Chermaine Tyler, John P. Foreyt

Baylor College of Medicine, Houston, Texas, Children’s Nutrition Research Center

Child and adolescent overweight and obesity (i.e., 
BMI ≥ 85th percentile for age and gender for over-
weight and BMI ≥ 85th percentile for age and gender 
for obese) [32] has been identified as one of the 
primary health concerns of the twenty-first century 
[5]. Given the increasing prevalence rates of over-

weight and obesity in children and youth worldwide 
[11,25,26] and the clearly established psychological 
and physical health consequences of the condition 
[12,35], there is a need to identify effective treatments 
for overweight youth presenting to clinical practices 
for weight management. It is generally accepted that 
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behaviorally-based, multi-component treatments com-
prised of nutrition education, dietary modification, and 
physical activity changes are the preferred method for 
treating overweight children [e.g., 16,37].

The “Traffic Light Diet” program (TLD) [15] is a 
treatment for overweight children with a large body 
of empirical support. The TLD involves a structured 
dietary plan with food categories based on caloric 
density and includes recommendations to guide par-
ticipants’ eating patterns. Multiple investigations have 
found the TLD to be superior to control conditions 
in randomized controlled trials (RCTs) [18,20-24] 
and the long-term maintenance of treatment effects 
has been documented when the TLD is used in 
combination with behavioral, familial, and exercise 
components [19]. However, the majority of these 
lab based studies have excluded the difficult to treat 
populations such as the severely obese and children 
with comorbid conditions [27]. Consequently, little is 
known about the effectiveness of the TLD for these 
special populations. 

The current investigation was designed to examine 
the success of the TLD for children enrolled in a 
10-week weight loss program conducted at a for-
profit pediatric weight loss facility. Consistent with 
recommendations regarding evaluating effectiveness 
of evidence-based treatments [34], we investigated 
“for whom” the TLD is most effective by examining 
treatment effects across children of varying comorbid 
diagnostic groupings (i.e., those with comorbidi-
ties and those without) as well as across children of 
varying weight status (i.e., overweight, BMI≥85th 
percentile vs. severely obese, BMI≥99th percentile). 
Thus, the study advances the broader goals of the 
evidence based practice in Psychology movement 
[1] by examining patient characteristics that influence 
treatment outcome [2,30]. Overall treatment effects 
of this intervention were identified in this population 
in a previous study [28]. The current article reports 
the outcomes among participant subgroups (based on 
weight and comorbid status) to explore for potentially 
different effects of the intervention. Because of mixed 
research regarding treatment effectiveness in par-
ticipants with comorbid conditions [36], no specific 
directional hypotheses are offered for comorbidity or 
weight status on treatment outcome. 

Material and methods.  Participants
Inclusion criteria for the clinical trial from which the 

present data were gathered included (a) being desig-
nated overweight by treatment center staff (i.e., BMI ≥ 
85th percentile), (b) being between the ages of 6 and 
18 years, and (c) having at least one parent willing 
to attend weekly sessions with the child. Exclusion 
criteria included the presence of mental retarda-
tion, pervasive developmental disorder, or other 
psychopathology that would prevent participation 
in the group intervention. A total of 51 families 
were screened for participation. Three families were 
excluded (2 because of developmental delay; 1 be-
cause of not meeting the BMI percentile criterion). 
Thus, 48 families were eligible for participation 
and began treatment.

The children meeting inclusion criteria (n=48) self-
identified into the following ethnic/racial categories: 
Caucasian (n=44, 92%), African American (n=2, 4%), 
Hispanic (n=1, 2%) and Native American (n =1, 2%). 
Participants included 22 males (46%) and 26 females 
and were, on average, 11.9 years of age (SD=2.8 
years). Parents of 18 participants (37.5%) reported 
their child as having a past or current medical and/
or psychiatric condition. The average standardized 
BMI (zBMI) was 2.1 (SD=.4). A total of 34 (71%) 
children were classified as overweight or obese and 
14 children (29%) were severely obese. The majority 
of families fell within the middle and upper socioeco-
nomic ranges. 

Measures
Body Mass Index. Prior to beginning the program, a 
physical examination was conducted by a pediatri-
cian affiliated with the bariatric clinic. Participants’ 
heights and weights were collected at the beginning 
and end of the intervention. Weights were obtained 
using a digital scale with participants wearing light 
clothing and no footwear. Height was measured on 
a wall-mounted stadiometer, with no footwear. BMI 
standardized (zBMI) for mean and standard devia-
tion (zBMI = (BMI - SD)/M) was calculated using 
norms from the Centers for Disease Control and 
Prevention [32]. According to CDC norms, at risk 
for overweight is defined as greater than or equal to 
the 85th percentile for BMI. In order to distinguish 
overweight children from children significantly 
overweight, we categorized them using terminol-
ogy recommended by an expert committee; that is, 
overweight (i.e., BMI ≥85th percentile), obese (i.e., 
BMI ≥ 95th percentile), and severely obese (i.e., 
BMI ≥ 99th percentile) [4]. 
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Table. Change in BMI, zBmi, Weight, and BMI Percentile Based 
on Weight Status and Comorbidity Status (means ± SD)

Overweight and Obese Severely Obese
Completers α ITT b Completers α ITT b

BMI (kg/m2) -1.1 (1.1) - 1.0 (1.1) - 2.1 (2.1) - 2.0 (2.0)
zBMI -.1 (.1) - .1 (.1) - .1 (.1) - .1 (.1)

Weight (kg) - 2.2 (2.3) - 1.9 (2.3) -4.4 (5.9) -4.2 (5.5)
BMI percentile -.8 (1.1) -1.2 (2.5) -.2 (.2) -.2 (.2)

Overweight to Severely Obese without Co-
morbidity Comorbidity

Completers α ITT b Completers α ITT b

BMI (kg/m2) -1.5 (1.7) -1.4 (1.6) -1.2 (1.2) -1.2 (1.2)
zBMI -.1 (.1) - .1 (.1) -.1 (.1) -.1 (.1)

Weight (kg) -3.2 (4.2) -2.8 (4.0) -2.3 (3.0) -2.2 (3.0)
BMI percentile -.9 (1.1) -1.1 (2.6) -.6 (.9) -.5 (.8)

αn=41; bn=48 
Comorbidity. Parents were asked to complete a check-
list indicating whether their children had any comor-
bid medical or psychiatric conditions. The comorbidi-
ties reported by parents included asthma (n=7), sleep 
apnea (n=5), hyperinsulinimia (n=1), attention deficit 
hyperactivity disorder (n=5), anxiety disorder (n=3), 
depression (n=3), and conduct disorder (n=1). Several 
children had multiple comorbidities (n=8).

Procedures.
Treatment Details. The present study was designed 
to specifically test the efficacy of the TLD in an applied 
setting. To accomplish this in a clinical setting, children 
and their families attended a weekly treatment program 
for 10 weeks at a bariatric clinic independent of other 
medical facilities. Group treatment was provided, and 
each group consisted of approximately seven children 
and their parent(s). The treatment included weekly 
classes comprised of a nutrition and exercise component. 
Additionally, the clinic included an exercise facility to 
which families had access throughout treatment. The 
treatment team for this study was multidisciplinary and 
included a pediatrician, exercise trainers, a dietitian, and 
masters level behavior therapists. This for-profit clinic 
required families to self pay approximately $850 USD 
for 10 weeks of treatment.

Children and parents were presented with information 
to assist with lifestyle changes for their family. The 
TLD provides an educational program for nutrition 
and a corresponding physical activity program. The 
behavioral techniques used (e.g., the use of contracts 
and social reinforcement, stimulus control, pre-plan-
ning) [16] were intended to assist parents and children 

in adopting healthier lifestyles. Families attended, on 
average, 80% of weekly sessions (SD=11.86%).	

Nutrition Education. Consistent with the TLD [15] 
participants were taught to increase their intake of 
foods that are low in fat and high in nutrient density 
(i.e., “green” foods) and to decrease their intake of 
foods that are high in fat/sugar and low in nutrient 
density (i.e., “red” foods). Families were also taught 
to change their food environments by limiting the 
number of “red” foods and increasing the number of 
“green” foods in the home (i.e., stimulus control). 

Exercise Education. Participants were given infor-
mation regarding exercise that included increasing 
caloric expenditure. Additionally, physical trainers 
assisted in the implementation of lifestyle exercise 
(e.g., family exercise and sports). Participants were 
encouraged to increase physical activity through an 
increase in activities of daily living (e.g., taking the 
stairs, walking to school). Families were provided 
with an exercise plan tailored to their preferences for 
use at home, and received one additional 45-minute 
group training session with the fitness trainers weekly. 
Families were also taught to reduce sedentary behav-
iors (e.g., television watching).

Results and their discussion. Statistical analyses 
were performed using SPSS (version 16.0.1; SPSS 
Inc., Chicago, IL, USA). Initially, t-tests and chi-
square were conducted to evaluate differences on 
baseline characteristics between participants who 
remained in the study and those who dropped out 
prior to the end of the 10-week assessment. Next, t-
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test analyses were performed to examine the change in 
zBMI over the 10-week course of treatment. Children 
who were severely obese (i.e., BMI percentile ≥ 99.0) 
were compared to those whose overweight status more 
closely resembled the children in Epstein’s studies (< 
99th percentile), and children with at least one parent-
reported comorbid condition were compared to children 
without a reported comorbid condition. To follow up 
these analyses, a 2X2 (Time X Weight Status) repeated 
measures analysis of variance (ANOVA) test and a 2X2 
(Time X Comorbidity) repeated measures ANOVA 
were conducted to examine for any existing interactions 
between time and weight status, as well as time and 
comorbidity, respectively. Models were developed for 
both completers and intention-to-treat (ITT) using the 
last observation carried forward (LOCF) method [33] in 
order to determine any differences for outcomes between 
these two groups. See Table 1 for a listing of results.

Initial analyses. There were no significant differences 
between completers and non-completers on baseline 
demographic variables. A total of 41 families (85%) 
completed baseline and 10 week measurements. 

Outcomes for the severely obese. Overall, children had 
a significant reduction in zBMI as indicated by t-test 
analyses, t (40)=6.6, p<.001. These results have been 
discussed in more detail elsewhere [28]. A total of 12 
children (29%) were identified as being severely obese. 
Children who were severely obese significantly reduced 
their zBMI, t (11)=4.0, p<.01. Based on this result, we 
continued to examine possible differences in change 
in zBMI between children who were severely obese 
and those who were not by conducting a 2 (time) X 
2 (overweight or obese vs. severely obese) ANOVA. 
Results indicated a nonsignificant time by weight status 
interaction effect, F (1,39)=1.5, ns suggesting similar 
improvements in BMI across weight status groups. 

Outcomes for children with a comorbidity. A total of 
15 children (37%) were identified by parent report 
as having at least one medical and/or psychiatric 
comorbidity. Children who had a comorbid condition 
significantly reduced their zBMI, t (14)=3.9, p<0.01. 
We continued to examine possible differences in 
change in zBMI between children who did not have a 
comorbid condition and children who did by conduct-
ing a 2 (time) X 2 (comorbidity vs. no comorbidity) 
ANOVA. No statistically significant difference in the 
decrease in zBMI was found across groups (i.e., those 
with comorbidities and those without), as indicated by 
the nonsignificant interaction term, F (1,39) =.7, ns. 

ITT analyses. All intent to treat analyses provided the 
same results as the completers analyses. Specifically, 
children who were severely obese significantly reduced 
their zBMI, t (13) = 3.8, p < .01 and demonstrated a 
nonsignificant time by weight status interaction effect, 
F (1,46) = 1.8, ns. Furthermore, children who had a 
comorbid condition significantly reduced their zBMI, t 
(17) = 3.6, p < 0.01 and demonstrated a nonsignificant 
time by group (i.e., those with comorbidites and those 
without) interaction effect, F (1,46) = 1.6, ns.

Improving our knowledge about and implementation 
of the highest standard of treatment for overweight 
children is essential to tackling the current obesity 
epidemic [4]. The current study included a sample 
that more closely resembles children and families who 
seek treatment in clinical settings rather than samples 
typically included in randomized controlled trials for 
obesity treatments. Participants were not excluded 
based on having a comorbid condition (37%) or be-
ing severely obese (BMI ≥99th percentile; 29%). Our 
findings of similar effects of the TLD for children with 
comorbidities or with a severely obese designation 
hold promise for the application of this treatment to 
children presenting at clinical practices. 

All participants in this study experienced a decrease 
in zBMI (-.12 ± .11). Though modest, the reductions 
should be considered clinically significant given that a 
weight reduction as little as 5% has been shown to sig-
nificantly decrease the likelihood of developing health 
problems associated with obesity [10]. The average 
participant lost 4% of their initial body weight, which 
approaches levels associated with positive health out-
comes. Remarkably, this weight loss occurred over the 
course of only ten weeks. Although long-term follow 
up is necessary, the best predictor of success in weight 
management programs is initial weight loss [13]. Suc-
cessful outcomes from such a time-limited treatment 
not only points to potential for future weight loss, but 
also indicates that a modified TLD is capable of being 
a cost-effective, practical, and acceptable intervention 
to participants and practitioners.

The improvements were modest though comparable to 
weight losses reported in other evidence-based treat-
ments for children [36]. Children with comorbidities 
demonstrated less change in weight (∆ zBMI = -.10) 
than those without additional health or psychiatric 
problems (∆ zBMI = -.13), even though between-
group differences were not statistically significant. 
Similarly, severely obese children were somewhat 
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less successful at reducing their weight (∆ zBMI = -.08) 
than overweight/obese children (∆ zBMI = -.13). While 
these results show that children with comorbidities and/
or severely obese status can achieve successful weight 
outcomes, they may benefit from additional support to 
further increase their weight loss.

Given that populations and settings will undoubtedly 
differ, clinicians may wonder which, if any, of the 
intervention elements may be modified. The program 
presented here used a modification of the TLD that 
incorporated guidelines for more convenient foods 
(e.g. packaged/frozen meals) and eating styles (e.g., 
restaurant eating). Additionally, the physical activity 
prescribed to participants was tailored to the families’ 
preferences. Children and their families have disparate 
dietary and lifestyle routines based on their respective 
regions, cultures, and socioeconomic status (SES). 
Therefore, it is important to remain consistent in 
terms of basic principles (e.g., inclusion of stimulus 
control, reinforcement, contracting) though specific 
recommendations may be individualized.

Other intervention elements that may differ across 
locations include the types of care providers and fa-
cilities used. The current intervention was provided 
by a multidisciplinary team, including a pediatrician, 
exercise trainers, a dietitian, and supervised master’s 
level behavior therapists. Groups were held in an exer-
cise facility with extensive exercise equipment. This was 
advantageous for promoting physical activity through 
training, practice, and modeling of specific exercises for 
the families. Treatments should be provided in locations 
that are equipped to accomplish these goals, but minor 
differences may not significantly impact fidelity.

Modifications may be needed for very overweight 
children, given the trend in this study toward reduced 
weight loss and the task of having more weight to lose. 
For example, the length of treatment may be extended 
in order for children who remain overweight at the end 
of treatment to reach a healthier weight status. Adding 
sessions may allow families increased training and op-
portunities to implement and maintain healthy lifestyle 
changes. However, this may negatively impact adher-
ence and dissuade some families from seeking treatment 
given that extending treatment would impose higher 
levels of inconvenience and cost to families. 

Making modifications to the TLD is one approach 
to addressing issues of reduced weight loss; how-
ever, adjunctive treatments may also be promising 

in enhancing the outcomes. For example, in the case 
of severely obese children, additional options for treat-
ment include pharmacotherapy and meal replacement 
programs. Pharmacotherapy has been demonstrated as 
an efficacious method of weight reduction and improved 
health outcomes among severely overweight pediatric 
patients [6], and combining this approach with behav-
ioral methods is a viable option. Weight management 
programs using meal replacements have also yielded 
significant weight loss in overweight adolescents [3]. 
This form of treatment appears to result in prolonged 
satiety, which may be effective for reducing caloric 
intake and promoting weight management. 

Although promising, our results reflect only short-term 
outcomes. Given the lack of information on long-term 
effectiveness of child weight management programs in 
clinical settings, it is imperative that more attention be 
devoted to the long-term impact of treatment for over-
weight. It is vital that we identify weight management 
programs with lasting benefits in “real-world” settings. 

A multidisciplinary team approach and the availability 
of exercise equipment have numerous benefits in pro-
viding an obesity intervention. However, these factors 
resulted in increased cost for services to participants. The 
high cost for treatment may, in part, explain the small 
number of participants, particularly those from a lower 
SES, thus, limiting the generalization of our findings to 
these groups. Correspondingly, 90% of participants were 
white and were from middle to upper income families. 
Clearly, these factors are limitations to the current study. 
Additional research with increased sample sizes and 
socioeconomic and ethnic diversity is needed. 

Many of the criticisms of using evidence-based treat-
ments in applied settings were directly addressed in 
this study, and findings lend support to the body of 
literature indicating that treatments developed and 
evaluated in laboratory settings can produce sig-
nificant effects in applied settings as well. This study 
also identified subgroups of children (i.e., those with 
severe obesity and those with comorbid conditions) 
who may not experience the amount of weight loss 
as others. Continued research is needed with these 
groups of children to determine additional treatment 
modifications that may better suit their needs.
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SUMMARY

EVALUATION OF TREATMENT EFFECTS IN 
OBESE CHILDREN WITH CO-MORBID MEDI-
CAL OR PSYCHIATRIC CONDITIONS

Craig A. Johnston, Ginny Fullerton, Jennette Pal-
cic Moreno, Chermaine Tyler, John P. Foreyt

Baylor College of Medicine, Houston, Texas, Chil-
dren’s Nutrition Research Center

The need for effective treatments for pediatric over-
weight is well known. To evaluate the applicability 
of an evidence-based treatment in an applied clinic 

setting that includes children with severe obesity and 
comorbid medical or psychiatric conditions. 

Forty-eight overweight children and their families 
were provided an evidence-based intervention at a 
for-profit clinic. Unlike typical lab-based samples, 
participants were self-selected and included children 
who were very overweight and/or had comorbid con-
ditions. Change in standardized BMI was assessed. 

Overall, participants demonstrated a significant reduc-
tion in standardized BMI, t (40)=6.6, p<.001. Further 
analyses indicated that participants who were severely 
obese and children with a comorbidity significantly re-
duced their zBMI (t (11)=4.0, p<.01; t (14)=3.9, p<.01, 
respectively). Children who were severely obese reduced 
their BMI percentile by .2 (SD=.2) and those with a co-
morbidity reduced their BMI percentile by .6 (SD=.9). 
Nonsignificant interaction effects indicated comparable 
weight reductions in severely obese and overweight/
obese participants, F (1,39) = 1.49, ns. Also, those with 
comorbidities and those without comorbidities experi-
enced similar weight reductions, F (1,39)=.7, ns. 

This study provides promising evidence for the ap-
plicability of an evidence-based treatment for weight 
management in clinical practice. 

Key words: childhood obesity, evidence-based prac-
tice, applied setting, traffic light diet, severely obese, 
medical and psychiatric comorbidities.

РЕЗЮМЕ

ОЦЕНКА ЭФФЕКТИВНОСТИ ЛЕЧЕНИЯ 
ТУЧНЫХ ДЕТЕЙ С CОПУТСТВУЮЩИМИ 
ЗАБОЛЕВАНИЯМИ И ПСИХИЧЕСКИМИ 
НАРУШЕНИЯМИ

Крэйг А. Джонстон, Джинни Фаллертон, Джен-
нетт Полчик Морено, Шермейн Тайлер, 
Джон П. Форейт

Бейлорский колледж медицины, Исследователь-
ский центр по детскому питанию, Хьюстон, 
Техас, США

Потребность в эффективном лечении детей с 
избыточной массой тела хорошо известна. Цель 
исследования - оценить успешность основанно-
го на доказательствах лечения детей с тяжелым 
ожирением, cопутствующими заболеваниями и 
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психическими нарушениями в соответствующих 
клинических учреждениях.  48 тучным детям и их 
семьям оказывалось основанное на доказатель-
ствах лечебное вмешательство в коммерческой 
клинике. В отличие от типичных методов отбора, 
участники были самоотобраны и включали детей 
с выраженным ожирением и/или имеющими со-
путствующие состояния. Определялись изменения 
в стандартизированном BMI.  В целом, участники 
демонстрировали существенное сокращение стан-
дартизированного BMI - t (40) = 6.6, p<.001. Даль-
нейший анализ выявил, что у участников, которые 
были чрезмерно тучны и имели сопутствующую па-
тологию, BMI значительно уменьшался [t (11) = 4.0, 
p <.01; t (14) = 3.9, p <.01, соответственно]. У детей, 
которые были чрезмерно тучны, перцентиль BMI 
уменьшался на .2 (SD = .2), а у детей с сопутствую-
щей патологией - на .6 (SD = .9). Несущественные 
эффекты взаимодействия указали на сопоставимое 
уменьшение веса у чрезмерно тучных и тучных 
участников, F (1,39) = 1.49, не существенно. У детей 
с сопутствующей патологией и без нее имело место 
сопоставимое снижение веса - F (1,39) = .7, не суще-
ственно. Это исследование предоставляет многообе-
щающее свидетельство применимости основанного 
на доказательствах лечения для управления веса в 
клинической практике. 

reziume

mkurnalobis efeqturobis Sefaseba 
msuqan bavSvebSi Tanmxlebi daavadebebisa 
da fsiqikuri darRvevebis dros

kreig a. jonstoni, jini falertoni, jenet 
polCik moreno, Sermein taileri, 
jon p. foreiti

beiloris samedicino koleji, bavSvTa kve-
bis kvleviTi centri, hiustoni, texasi, aSS 

pediatriaSi sxeulis Warbi masis efeq-
turi mkurnalobis saWiroeba kargad aris 

cnobili. kvlevis mizans warmoadgenda 
Sesabamis klinikur dawesebulebebSi 
samedicino mtkicebulebebze damyarebuli 
mkurnalobis efeqturobis dadgena msuqan 
bavSvebSi TandarTuli daavadebebisa da 
fsiqikuri darRvevebis dros. 

Warbi masis mqone 48 bavSvsa da maTi ojaxis 
wevrebs CautardaT mtkicebulebebze dam-
yarebuli samkurnalo Carevebi specialur 
komerciul klinikaSi. avadmyofTa SerCevis 
tipiuri meTodebisgan gansxvavebiT kvle-
vaSi CarTva TviTSerCevis xasiaTs atarebda, 
mkurnaloba utardebodaT bavSvebs, romleb-
sac aReniSnebodaT gamoxatuli simsuqne da/an 
TandarTuli paTologia. ganisazRvreboda 
standartizirebuli sxeulis masis indeqsis 
(smi) cvlilebebi. 

yvela SemTxvevaSi monawileebs aReniS-
naT standartuli smi-is mniSvnelovani 
Semcireba - t (40) = 6.6, p<.001. Semdgomma 
analizma gamoavlina, rom bavSvebs mkveT-
rad gamoxatuli simsuqniT da Tan-
mxlebi paTologiiT smi mniSvnelovnad 
SeumcirdaT [t (11)=4.0, p<.01; t (14) =3.9,  
p<.01 Sesabamisad]. bavSvebSi gamoxatuli 
simsuqniT smi percentili Semcirda .2 
(SD = .2)-iT, Tanmxlebi paTologiis dros 
- .6 (SD = .9)-iT. Warbi masis sxvadasxva 
variantis dros sxeulis masis kleba 
daaxloebiT Tanabrad iyo gamoxatuli 
- F (1,39) = 1.49, arasarwmuno. aseve bavS-
vebSi Tanmxlebi paTologiiT da mis ga-
reSe sxeulis masis kleba daaxloebiT 
Tanabrad iyo gamoxatuli - F (1,39)=.7, 
arasarwmuno. 

warmodgenili kvleva klinikur praq-
tikaSi wonis dasaklebad mimarTu-
li mtkicebulebebze dafuZnebuli 
mkurnalobis gamoyenebisTvis imedis 
momcem informacias iZleva.
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ЧТО ПРОИСХОДИТ ПРИ ПЕРОРАЛЬНОМ ПРИЕМЕ 
БАКТЕРИОФАГА РЕБЕНКОМ?

1Пагава К.И., 2Гачечиладзе К.К., 1Коринтели И.А., 2Дзулиашвили М.Г., 
2Алавидзе З.И., 2Хойле Н., 1Мецхваришвили Г.Дж.

1Тбилисский государственный медицинский университет; 
2Институт бактериофага, микробиологии и вирусологии им. Г. Элиава, Тбилиси, Грузия

Бактериофаги более 100 лет используются в 
лечении ран и различных инфекций. Начиная с 
1898 года, бактериофаги активно исследовались 
учёными дореволюционной России. В 1930-е годы 
почётный профессор факультета естественных 
наук Тифлисского государственного университета 
Феликс д'Эрелль (d’Herelle), посвятивший свою 
жизнь экспериментальной медицине, издал в 
Тифлисе книгу «Бактериофаг и феномен выздо-
ровления», резюмирующую двадцать лет исканий 
новых путей в медицине [4]. Однако, разработка 
антибиотиков и внедрение их в клиническую прак-
тику снизило интерес к бактериофаготерапии. С от-
крытием антибиотиков в 1940-е годы, везде, кроме 
СССР, разработки бактериофагов были вычеркнуты 
из числа перспективных исследований. Однако, в 
1980-е годы эффективность лечения антибиотиками 
значительно понизилась. Серьезные проблемы стали 
возникать ввиду резкого учащения антибиотико-
резистентных штаммов бактерий, аллергических 
и токсических побочных реакций, дороговизны 
современных антибиотиков. Всё это обусловило 
обращение к возможностям терапевтического ис-
пользования бактериофагов – специфических вирусов, 
которые атакуют только бактерии и убивают патоген-
ные микроорганизмы [10]. На протяжении последних 
нескольких лет исследования свойств бактериофагов 

проводятся в России, Грузии, Польше, Франции, 
Германии, Финляндии, Канаде, США, Великобрита-
нии, Мексике, Израиле, Индии, Австралии. В начале 
2000-х годов Гленн Моррис – сотрудник Университе-
та Мэриленд (США) совместно с исследователями 
НИИ бактериофагов, микробиологии и вирусологии 
в Тбилиси наладил испытания фаговых препаратов 
для получения лицензии на их применение в США. 
В июле 2007 года бактериофаги были одобрены для 
использования в США. 

В большом количестве исследований, посвящён-
ных биологии фагов и их взаимодействию с бак-
териями, ввиду их малочисленности, затерялись 
исследования по распределению фагов в орга-
низме, а также иммунной реакции на их прием, в 
особенности в педиатрической практике [1-17].

Целью исследования явилось изучение распреде-
ления назначенных фагов в организме ребенка, а 
также реакция иммунной системы на лечение.

Материал и методы. Под наблюдением нахо-
дилось 102 ребенка в возрасте от 5 дней до 15 
лет, с различными заболеваниями бактериальной 
этиологии. Данные, характеризующие пациентов, 
представлены в таблице 1.

Таблица 1.  Демографическая характеристика исследованных больных

Возраст
До одного месяца 39

С одного месяца до одного года 19
С одного года до 15 лет 44

Пол
♂ 52
♀ 50

Диагноз

Пневмония 14
Сепсис 53

Мочевая инфекция 9
Фарингит/синусит 13

Кишечная инфекция 14

У всех больных проводили бактериологические 
исследования общепринятыми методами, а также 
изучали чувствительность к различным анти-
биотикам. В случаях пневмонии исследовались 

мокрота и/или мазок из горла, фарингита/сину-
сита – мазок из горла, сепсиса – кровь, мочевой 
инфекции – моча, кишечной инфекции - кал. В 
комплекс лечения включали пиобактериофаг 
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(многокомпонентный комбинированный пре-
парат, содержащий в себе различные разновид-
ности фагов; препарат выпускается Институтом 
бактериофага, микробиологии и вирусологии 
им. Г. Элиава). Пиобактериофаг назначался 
перорально. Наряду с клиническим мониторин-
гом на 3-5ый день с начала фаготерапии брались 
пробы (кровь, кал, моча) для определения в них 
специфических компонентов пиобактериофага. 
Определение данных компонентов осуществля-
лось согласно общепринятой методике. Через две 
недели после начала фаготерапии в сыворотке 
крови определяли антитела к фагам, используя 
методику реакции нейтрализации [9,10]. 

Результаты и их обсуждение. У исследованных 
больных были выделены различные этиологи-
чески значимые бактериальные штаммы (всего 
69): Staphylococcus aureus - 21, Streptococcus – 21, 
патогенная E.coli- 23, Pseudomonas aeruginosa- 2, 
Proteus - 3. Выделенные штаммы были изучены в 
отношении резистентности к антибиотикам. Рези-
стентность к использованным антиобиотикам была 
следующей – Kanamycin, Streptomycin, Erythromycin/
Sumamed, Roxcitan/Roxcibel, Levomycitin, Macropen, 

Azthromycin – 99,5-97%; Penicillin, Amoxicillin, 
Ampicillin, Ampiox, Tetracycline, Cephazoline, 
Cephalexin, Claforan/Enpoxin, Gentamicin, Amikacin/
Zamikan, Doxacyclin - 50-70%; Metacyclin, 
Ciprofloxacin/Ciprinol, Rocepin/Sepamed, Rifampicin, 
Clindamycin – 30-40%; Floxan, Avelox – 10-20%. По-
лученные данные согласуются с таковыми в публи-
кациях, указывающих на учащение бактериальной 
резистентентности к антибиотикам [10,11]. 

Результаты клинических наблюдений в данной 
статье не отражены, хотя следует отметить, что во 
всех случаях наблюдалось улучшение клиническо-
го течения болезни (по сравнению с контролем), 
и отсутствие побочных реакций, связанных с 
пиобактериофагом. 

Пробы крови на наличие в них пиобактериофага 
были исследованы в 7 случаях, в 6 случаях в крови 
был обнаружен тот или иной компонент препарата, 
титры варьировали в пределах от 103 до 104 pfu/ml.

В пробах мочи, взятых у 55 больных, тот или иной 
компонент препарата был обнаружен у 48, титры варьи-
ровали в пределах от 103 до 105 pfu/ml (таблица 2).

Таблица 2. Компоненты пиобактериофага, обнаруженные в моче 

Фаги #1- Pseudomo-
nas aeruginosa 

#2 –
E. coli 

#3 –
Proteus 
vulgaris 

#4 –
Staphy-
lococcus 

#5 –
strepto-
coccus 

Всего

Частота
34/55 41/55 34/55 31/55 8/56 48/55
61.8% 74.5% 61.8% 56.4% 14.8% 87.3%

В пробах кала, взятых у 75 больных, тот или иной компонент препарата был обнаружен у 64, титры 
варьировали от 103 до 104 pfu/ml (таблица 3).

Таблица 3. Компоненты пиобактериофага, обнаруженные в кале 

Фаги #1- Pseudomo-
nas aeruginosa

#2 –
E. coli 

#3 –
Proteus 
vulgaris

#4 –
Staphy-
lococcus 

#5 –
strepto-
coccus

Всего

Частота
54/75 45/75 37/75 22/75 7/75 64/75
72.0% 60.0% 49.3% 29.3% 9.3% 85.3%

Следует отметить, что у 11 пациентов, не полу-
чавших пиобактриофаг, в моче и кале компоненты 
пиобактериофага не были обнаружены. Возраст-
ные особенности интенсивности и специфичности 
обнаружения различных компонентов пиобакте-
риофага в крови, моче и кале не были выявлены. 

Полученные результаты на данном этапе не позволяют 
судить о том, какие факторы обусловливают проникно-
вение того или иного компонента комбинированного 

мультифагового препарата (в данном случае пиобакте-
риофага) во внутреннюю среду организма.

Основным результатом проведенных исследова-
ний является выявление того факта, что перораль-
но принятый фаг помимо желудочно-кишечного 
тракта может проникнуть в кровь и мочу. Выявле-
ние фага в желудочно-кишечном тракте подтверж-
дает целесообразность применения фаготерапии 
при кишечных инфекциях. Что касается выявления 
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фагов в крови и моче при их пероральном приеме, 
этот факт имеет феноменологический характер. 
Он указывает на то, что принятый перорально фаг, 
по крайней мере у детей, способен проникнуть во 
внутреннюю среду организма. Само собой разуме-
ется, определение количественных соотношений 
требуют последующих углубленных исследований. 
Тем не менее, выявленная закономерность может 

служить обоснованием для использования перо-
ральной бактериофаготерапии в лечении системных 
заболеваний, а также инфекций мочевого тракта.

Сыворотка крови на наличие специфических анти-
фаговых антител была исследована у 31 пациента, у 
14 были обнаружены антитела, нейтрализирующие 
от 52,5 до 97,3% фаговой активности (таблица 4). 

Таблица 4. Частота образования антител к различным компонентам пиобактериофага 

Антитела к 
фагам

#1- к 
Pseudomonas 

aeruginosa 

#2 – к
E. coli 

#3 – к
Proteus 
vulgaris 

#4 – к
Staphy-
lococcus 

#5 – к
strepto-
coccus 

Всего

Частота
7/31 9/31 7/31 8/31 6/31 14/31

22.6% 29.0% 22.6% 25.8% 19.4% 45.2%

Обнаружена выраженная возрастная особенность 
– у детей раннего возраста антитела или вовсе не 
определялись, а если определялись, то с низкой 
активностью. Так например, у детей до 1 месяца 
антитела были выявлены у 3 из 16, у детей с 1 
месяца до года – у 2 из 4, у детей старше одного 
года – у 9 из 11. Антифаговые антитела могут 
в определенной мере снижать эффективность 
фаготерапии. Отсутствие или низкий титр анти-
тел у новорожденных, а также у детей в возрасте 
до года, по всей вероятности, можно объяснить 
физиологическим недостаточным созреванием 
иммунной системы; данное обстоятельство пред-
полагает большую эффективность фаготерапии в 
этих возрастных группах.

Результаты исследования показали, что при пер-
оральном приеме полибактериофага детьми с 
различными инфекциями компоненты препарата 
обнаруживаются в крови, моче и кале. При пер-
оральном приеме полибактериофага у части детей 
обнаруживаются нейтрализирующие антитела в 
сыворотке крови. Антителогенез имеет выражен-
ный возрастзависимый характер – у новорожден-
ных и детей в возрасте до года они практически 
не обнаруживаются.

Выражение признательности. Работа была выпол-
нена в рамках проекта STCU/GNSF 4316/127, при 
финансовой поддержке Научно-технологического 
центра в Украине и Грузинского национального на-
учного фонда им. Шота Руставели.
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SUMMARY

WHAT HAPPENS WHEN THE CHILD GETS 
BACTERIOPHAGE PER OS?

1Pagava K., 2Gachechiladze K., 1Korinteli I., 
2Dzuliashvili M., 2Alavidze Z., 2Hoyle N., 1Metskh-
varishvili G.

1Tbilisi State Medical University; 2G. Eliava Institute 
of Bacteriophage, Microbiology and Virology, Tbilisi, 
Georgia

The aim of the work was to define the distribution 
of phages administered per os to children for medi-
cal reasons, and the immune response. 102 children 
aged from 5 days to 15 years with different diseases 
of bacterial etiology (pneumonia, sepsis, urinary in-
fection, pharyngitis/sinusitis, enteral infection) were 
monitored. Pyobacteriophage was being included into 
the complex therapy. The drug was administered per os. 
In 6/7 of blood, 48/55 urine and 64/75 stool samples 
taken on the 3-5th day of treatment different components 
of pyobacteriophage were revealed. The titers varied 
from 103 to 105 pfu/ml. No age differences were seen. 
In two weeks after the onset of the phagotherapy the 
antibodies to phages were tested in the blood serum using 
the neutralization reaction method. The blood samples 
were taken from 31 patients. In 14 of them the antibodies 
neutralizing 52.5-97.3% of the phage activity were seen. 
A significant age-related peculiarity was determined: in 
newborns and infants the antibodies were not revealed 
or their activity was low. 

Obtained results confirm the reasonability to use 
of peroral phagotherapy in gastro-intestinal infec-
tions. At the same time it was ascertained that the 
phages taken per os can permeate into the internal 
environment of the organism and thus the peroral 
phagotherapy can be used to treat systemic infections 
and urinary tract infections as well. Absence or low 
production of the antiphage antibodies in newborns 
and infants suggests high efficacy of the phagotherapy 
in this age group. 

Key words: Bacteriophage, distribution in the organ-
ism, antiphage antibodies in children.

РЕЗЮМЕ

ЧТО ПРОИСХОДИТ ПРИ ПЕРОРАЛЬНОМ 
ПРИЕМЕ БАКТЕРИОФАГА РЕБЕНКОМ?

1Пагава К.И., 2Гачечиладзе К.К., 1Коринте-
ли И.А., 2Дзулиашвили М.Г., 2Алавидзе З.И., 
2Хойле Н., 1Мецхваришвили Г.Дж.

1Тбилисский государственный медицинский универ-
ситет; 2Институт бактериофага, микробиологии 
и вирусологии им. Г. Элиава, Тбилиси, Грузия

Целью работы явилось изучение распределения, 
назначенных в лечебных целях, фагов в организме 
ребенка, а также ответа иммунной системы. Под 
наблюдением находилось 102 ребенка в возрасте 
от 5 дней до 15 лет, с различными заболеваниями 
установленной бактериальной этиологии (пневмо-
ния, сепсис, мочевая инфекция, фарингит/синусит, 
кишечная инфекция). В комплексную терапию 
включался пиобактериофаг. Препарат назначался 
перорально. Взятых на 3-5 дни лечения в пробах 
крови (7), мочи (55) и кала (75) соответственно в 6, 
48 и 64 случаях были обнаружены различные компо-
ненты пиобактериофага; титры варьировали от 103 
до 105 pfu/ml. Возрастные особенности выявлены 
не были. Через две недели после начала фаготе-
рапии в сыворотке крови определяли антитела к 
фагам, используя методику реакции нейтрализа-
ции. Сыворотка крови на наличие специфических 
антифаговых антител была исследована у 31 
пациента, у 14 были обнаружены антитела, ней-
трализирующие от 52,5 до 97,3% фаговой актив-
ности. Была установлена выраженная возрастная 
особенность – у новорожденных и детей в возрасте 
до года антитела или вовсе не определялись, а если 
определялись, то с низкой активностью. Полученные 
результаты подтверждают целесообразность при-
менения пероральной фаготерапии при кишечных 
инфекциях. Установлено, что перорально принятые 
фаги могут проникать во внутреннюю среду орга-
низма и, следовательно, пероральная фаготерапия 
может быть применена при лечении системных 
инфекций и инфекций мочевого тракта. Отсутствие 
или низкая продукция антифаговых антител у ново-
рожденных и детей в возрасте до года предполагает 
большую эффективность фаготерапии в данной 
возрастной группе.
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reziume

ra xdeba, roca bavSvi peroralurad Re-
bulobs baqteriofags?

y. faRava1, q.gaCeCilaZe2, i. korinTeli1, m. 
ZuliaSvili2,  z. alaviZe2, n. soule2, g. 
mecxvariSvili1

1Tbilisis saxelmwifo samedicino univer-
siteti; 2g. eliavas saxelobis baqteriof-
agis, mikrobiologiisa da virusologiis 
instituti, Tbilisi, saqarTvelo

Sromis mizani iyo peroralurad 
daniSnuli baqterio-fagebis organizm-
Si ganawilebisa da imunuri reaqciis 
Seswavla. dakvirvebis qveS imyofeboda 
5 dRidan 15 wlamde asakis 102 bavSvi 
sxvadasxva baqteriuli bunebis daa-
vadebiT (pnevmonia, sefsisi, saSarde 
gzebis infeqcia, tonziliti/sinusitis, 
nawlavuri infeqcia). kompleqsur Tera-
piaSi irTveboda per-oralurad daniS-
nuli piobaqteriofagi. mkurnalobis 
mesame-mexuTe dRes sisxlis, Sardisa 
da ganavlis sinjebSi Sesabamisad 6/7, 
48/55 da 64/75 SemTxvevaSi dadgenili 
iqna piobaqteriofagis esa Tu is kom-

ponenti, titrebi meryeobda 103 da 105 
pfu/ml Soris. asakobrivi Tavisebure-
bebi ar gamovlenila. fago-Terapiis 
dawyebidan 2 kviraSi sisxlis SratSi 
neitralizaciis reaqciis meTodiT 
isazRvreboda antifaguri antisx-
eulebi. 31 pacientidan 14-Si gamov-
linda antisxeulebi, romlebic fagur 
aqtivobas 52.5-97.3%-iT aneitralebs. 
dadgenil iqna mkafiod gamoxatuli 
asakobrivi Tavisebureba – axalSobi-
lebsa da CvilebSi antisxeulebi an ar 
ganisazRvreboda an ganisazRvreboda 
friad dabali titriT. 

miRebuli Sedegebi adasturebs per-
oraluri fagoTerapiis daniSvnis mizan-
Sewonilobas nawlavuri infeqciebis 
dros. Aamave dros naCvebenia, rom per-
oralurad miRebul fagebs SeuZliaT 
SeaRwion organizmis Sinagan garemoSi, 
rac miuTiTebs peroraluri fago-
Terapiis gamoyenebis SesaZleblobaze 
sistemuri da, aseve, saSarde infeqciebis 
dros. axalSobilebsa da CvilebSi anti-
faguri antisxeulebis sinTezis dabali 
done gvaZlevs uflebas am asakis bavS-
vebSi fagoTerapiis SedarebiT maRali 
efeqturoba vivaraudoT.
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