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PREFACE

On September 23-25, 2005, a conference will be held in Tartu, which
is dedicated to the bicentennial of the Old Anatomical Theatre. The
present collection is also dedicated to this jubilee. Maie Toomsalu’s
article describes the history of the building, and Jaan Kasmel provides
an overview of teaching of anthropology at the University of Tartu
throughout two centuries.

Not long ago (in 2002), the Centre for Physical Anthropology
published a book by Maie Toomsalu in Estonian, which contains short
biographies of 79 professors who have worked at the Old Anatomical
Theatre. An English version of the book is going to come out soon.

The publishers of Papers on Anthropology XIV and its
international editorial board commemorate with deep sadness one of
our board members, the late Prof. Otto Eiben from Hungary.

We thank all the contributors to this collection and look forward to
fruitful cooperation with you in the future.

Prof. Helje Kaarma



Papers on Anthropology X1V, 2005

CONTENTS
M. Toomsalu. About the history of the building of the Old
Anatomical Theatre...........cocoveruivrueirieeeiieiceeee e 11
J. Kasmel. On anthropology at the University of Tartu throughout
EWO CEMMUTIES .....ooeeetieieciiis ettt seen s eseseneaees 24

M. Bronikowski, E. Szczepanowska, J. Maciaszek. Lab or gym?
Dilemma on choosing a research battlefield in fighting
against obesity in YOuth.......cccoceveereenieieeccce e 29
A. Gotsentas, A. Landér. Morphological and physiological
parameters in relation to playing position of high level male

basketball Players ........ccceceieeireeeeee e 42
L. Heapost. Dependence of Finno-Ugric peoples’ head and face

MEASUTEMENtS ON SLALULE ....c.eemevemienereeeeereererensteeseeesesneeeneesenes 53
A. Hegyi, E. Molnar, A. Marcsik. Rare calcaneus anomalies ......... 62

P. Hussar, T. Haviko, U. Hussar. Glycosaminoglycans,
hyaluronan and type II and X collagens in rat bone repair
after the perforation of the tibia. Effects of training and

IMMODILIZALION «....ocoviiiniiecieirienteecte ettt 74
E. Indermitte, S. Russak, A. Saava. The contribution of drinking
water towards dental fluorosis: a case study in Tartu................ 97

E. Jalakas, M. Jirvelaid. Relationship between practicing sports
and performing physical tests at the Estonian Public Service

ACAEIMY ..ot e 112
M. Jiirgel. Forefoot pressure distribution in female patients
having hallux valgus deformity...........ccccecervrrrreenrireeciereecrenee. 117

J. Jiirimde, T. Jiirimde. Bone mineral density in adolescent girls

with different physical activity patterns: relationships with

body composition and muscle performance parameters............ 126
T. Jirimde, K. Sudi, D. Payerl, J. Jirimde, E. Tafeit, R. Moller.

The measurement of body composition by lipometer and

bioelectrical impedance analysis in sportsmen.......................... 132
T. Kasmel, J. Kasmel. An overview of the structure of the Faculty

of Medicine at the University of Tartu (the former Imperial

University of Dorpat) in the early 19" Century «...c..eeveeerenn, 137
L. Kiisk, M. Lintsi, S. Mesikapp, E. Seppet, M. Ots. Results of the

anthropometric measurements of patients with a transplanted



8 Contents

U. Kirss, K. Oun. Possibilities for prognosing the body mass and
height on the basis of the birth weight, height and the
circumference of the head in the age of 0 to 2 years.................. 161

K. Kokk, E. Verdjankorva, Xiao-Ke Wu, H. Tapfer, P. Pélldnen.
Regulation of active and passive molecular transport

I thE TESHIS..eueretierieeeieeieeteree ettt et s a e s s ar s snenas 169
E. Kolasa, B. Hulanicka. Maturation of girls passively exposed

to tobacco smoke by their smoking parents .........ccccceecevriurenenns 178
L. Kongo. About the Estonian Naturalists’ Society and its

JUDIIEE ...ttt 194
V. Kryvitski. Dynamics of functional parameters of pedagogical

high school students at the initial stage of training ................... 201
B. Neruda. Some remarks on partial and spurious correlations...... 209
J. Peterson, H. Kaarma. The connection between dietary patterns

and body build among young WOmen ...........cceeeceeerereieesiennnens 215

L. Plavina. Analysis of the physical activities and health-related
behaviours of the cadets of the National Defence Academy

OF LatVIa oottt 232
N. Polina. Morphofunctional peculiarities of 17-year-old Belarus

pupils of different somatotypes .........cccceevvveereeeeriininreceeienene 237
M. Prokopec. Changes in human morphology during the 20™

century (Example from the Czech Republic) ..........coeeevnnennn. 251

V. Russeva. Traumatic lesions on the skeleton from the grave
466 from the medieval necropolis of Drastar (Silistra),
Bulgaria. Event reconstruction.........ccccoveveecienievinrnveseeeeseenene 279
M. Saava, J. Abina, P. Laane, E. Solodkaya, L. Tchaiko.
Anthropometric assessment of elderly women in relation
to the risk of cardio-vascular diseases (epidemiological study

of female population aged 65-74)......c.ccccceevvirrvrieenrirree, 295
1. Salivon. Typology of body build of the adult population
OF BELArus ..o 308

S. Semproli, S. Toselli, A. Raffaella Ventrella, P. Brasili,

T. Jurimde, J. Jiirimde. Relationships between skinfold

thicknesses and handgrip strength in 7-year-old children.......... 327
R. Stamm, M. Stamm, S. Koskel. Combined assessment

of proficiency in the game, anthropometric variables and

highest reach tests results in a body build classification

at Girls’ Youth European Volleyball Championship 2005

10 TN ettt et 333
R. Stoev. Somatotype in adolescents from a big city and

R s 172 L= G 10}, 2 o WO 344



Contents 9

A. Tellmann. Perinatal mortality of very low birth weight infants

in Estonia in the period 1992-2002............coureceemmeeceeerrenrennens 353
V. Tillmann, P. J. Foster, N. K. S. Thalange, M. S. Gill,

D. A. Price, P. E. Clayton. The influence of short-term

growth pattern on annual weight gain in normal children......... 360
G. Veldre. Blood pressure of 12—-15-year-old Estonian adolescents

of different height-weight categories..........ccooveveeveiicininnnnnn. 371
K. Oun. Prediction of the foetus’ and newborn baby’s weight

by using ultrasound examination measurements ....................... 384



Papers on Anthropology X1V, 2005, pp. 11-23

ABOUT THE HISTORY OF BUILDING
THE OLD ANATOMICAL THEATRE

M. Toomsalu

Institute of Pharmacology
University of Tartu

With his Ukase (decree) as of 12 April 1801 the Russian Emperor
Alexander I ruled the new university of the Empire be established in
Tartu (History of Tartu University II, 1982, page 34). With his Ukase
as of 5 January 1802 he confirmed the property of land given to the
University of Tartu: the Dome Hill and the land at the foot of the hill
where St. Mary's Church built in the 14™ century (in ruins since 1704)
had been located. The area was unfortunately covered with buildings
not suitable for university instruction. It was prescribed that the
university should have a library, an astronomical observatory, an
anatomical theatre, a hospital, a botanic garden and other institutions
(History of Tartu University II, 1982, page 34). The annual budget of
the university had to amount to 56,050 roubles. When the university
had already started its activities, it was allocated with respective sums
generated by the economy of Livonia (Petukhov, 1906, pp. 96-97).
The Statutes of 1803 provided that the Faculty of Medicine should
have six professorships or chairs: Professors Ordinary in anatomy,
physiology and forensic medicine; pathology, therapy, clinical
medicine and semiotics; dietetics, study of medicines, history of
medicine and medical literature; surgery and obstetrics; Professor
Extraordinary in veterinary science, also a post for a prosector in the
capacity of a Professor Extraordinary. At the Faculty of Medicine
students could also study chemistry and pharmacy beside medical
subjects (History of Tartu University II, 1982, page 43). The Statutes
also provided that the anatomical theatre and specialized clinics for
internal diseases, surgery and obstetrics be established,the library, the
manége, the dancing hall and the bathing establishment had to service
the whole university. The university started its work in the rented
rooms which were located far from each other and were mainly not
suitable for studies. The first new building was completed in the
autumn of 1802 being a wooden manege for teaching horse riding. On
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8 June 1803 a construction committee was set up (J. W. Krause, W. F.
Hezel, M. E. Styx and G. F. Parrot, in the second term D. G. Balk
acted as Rector). The committee was headed by Johann Wilhelm
Krause, professor of economics, technology and civil engineering
(architecture), who became the designer of university buildings and
the leader of construction. The construction could immediately start
because 120,000 roubles were allocated to the university from the
state budget and additional sums were repeatedly transferred. The first
buildings to be designed and constructed were the Anatomical
Theatre, the Library and the Main Building of the University. The
Anatomical Theatre and the Library were planned to be built on the
Dome Hill.

Photos 1. View of Tartu in 1803

At that time Tartu looked pitiful, there were few imposing buildings
there (Photo 1). The ruins of the Dome Church, barracks for 150
soldiers, a hay barn and a cellar of the regiment’s smithery were on
the Dome Hill. The townspeople had piled their wastes there, they had
dug out sand and good soil for their gardens. The hill was also used as
a pasture land. It was an unkempt area near the centre of the town.

By the order of professors Balk and Styx the construction of the
rotunda of the Old Anatomical Theatre started on 8 June 1803(Die
erste Jahrzehnt, 1902, page 246). Thanks to his knowledge of the local
language the Kreis (Region) Commissar Petersen was appointed
construction commissar, Kranhals and Lange were responsible for
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Photos 3, 4. The descriptions of construction plan of the rotunda of the
Old Anatomical Theatre
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purchasing stones, Konigmann for timber, Bachmann was the
secretary for construction workers, supervisors and warehouses. Tartu
was a poor town and this is why there was a constant lack of building
materials. Almost all the timber had to be sailed from Russia across
Lake Peipsi, ironware came from St. Petersburg. Instead of helping to
build the university, the nobility in town and rural areas, craftsmen
and even peasants tried to make maximal profits from the construction
(Das erste Jahrzehnt, 1902, page 244). In the end of August 1803 Dr.
Heinrich Friedrich Isenflamm (with a nickname Tall Heinrich) arrived
in Tartu to occupy the post of a professor of anatomy, physiology and
forensic medicine. He found that the Anatomical Theatre was on a
wrong place and too small a building. After observing it, he decided:
“Zum Zaig, ollewail, ischt halter nischt!” (Das erste Jahrzehnt, 1902,
page 93). He thought about the foundation of the Anatomical Theatre
which was erected in a nice place but on a bad construction soil with
great efforts: “Nischt, zu klain, a Hundeluch” (Das erste Jahrzehnt,
1902, page 93). In 1804 the Anatomical Theatre was roofed. On 16
May 1804 the Emperor Alexander I paid a visit to Tartu and inspected
all the construction sites expressing his satisfaction (Das erste
Jahrzehnt, 1902, page 250). In September 1805 the Anatomical
Theatre was officially handed over to professor Isenflamm and people
moved in. Professor Isenflamm thought that the rooms were dark,
uncomfortable. The building was located far from the centre and it
was hard and tiresome to reach it. He thought that everything was
made in a wrong manner to fool him personally. When the architect
Krause heard about it from his construction workers, he sent
Isenflamm or Ingrimm (“a fit of pique” — as Krause called him) a
message with his workers that he would give a good trashing if such
“lovely” expressions were repeated (Das erste Jahrzehnt, 1902, page
94). As Isenflamm was not participating in the liquidation of chaos,
his angry words were no more taken into consideration. The Curator
of the University Friedrich Maximillian Klinger, who visited the
building, found that the Anatomical Theatre was full of light, friendly
and so clean that the representatives of the higher society could enjoy
drinking tea in a small round hall (Das erste Jahrzehnt, 1902, page
94).The first building of the Faculty of Medicine was the smallest
among other university buildings of the period and it was a rotunda
with a cupola on a quadrangular foundation (according to principles of
art history, a rotunda is a temple with a circular ground plan
surrounded by a colonnade, the modifications have often been used in
the manorial architecture as decorations of parks). The exterior walls
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of the socle were rusticated. On four sides pylons were projected as
porticos. The four risalites, each with two Doric-Tuscan style
pilasters, and a gable and eight windows, topped with mezzanine
windows, decorated the building. Triangular pediments in the cupola
zone made a functional building look like a mauseoleom. Wrought-
iron balconies were embellished with decorative urns so much liked in
the period of classical architecture (Photo 4).

Photo 4. The rotunda of the Old Anatomical Theatre

The lower part of the circular hall of 102 square meters (Preem, 2002,
page 4) contained, beside two preparation rooms, a kitchen and an
infusion chamber in the middle of which there was a mechanism for
hoisting corpses to the altar-like operation table in the hall and after
the demonstration the corpses were lowered to remove everything
unpleasant and nauseating for keeping everything clean and having
healthy air. There were special devices to preserve corpses and clean
bones. There was also a room for keeping the collection of anatomical
preparations. The cupola hall was designed as an amphitheatre. The
Anatomical Theatres of the amphitheatre type were used in teaching
medicine already in ancient times. It is known that already in 1497
Alexander Benedictus built an Anatomical Theatre in the form of an
amphitheatre in Padua. Carolus Stephanus built a similar structure in
Paris in 1564 (Schumacher, 2002, page 221). In Tartu the ceiling of
the cupola hall was painted en Camayeu (The former head of the
Institute of Anatomy H. Tapfer said that blue-coloured pieces had
fallen from the ceiling). Apollo’s face, surrounded by a halo, was
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Bugfi 4.

Photo 5. The Cross-section of interior of the rotunda of the OIld
Anatomical Theatre
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approvingly looking at the work done for the benefit of human well-
being, learning from death to preserve life. (Die erste Jahrzehnt, 1902,
page 95). The first teacher of drawing at the university K.A. Senff had
painted emblems in grisaille — technique. The ceiling of the hall was
supported by eight Doric columns, the pedestals of which were
designed as drawers and cupboards. The pedestals were decorated
with wreaths — again a beloved motif of classical architecture (Vaga,
1928, pp 20-21). Four stoves had to heat the hall sufficiently in the
coldest winter (Die Kaiserliche Universitit, 1827, page 30). (Photo 6).

Photo 6. The amphitheatre of the rotunda of the Old Anatomical Theatre

According to his taste, Isenflamm ordered a strong iron hook to be
fixed to the middle of the beautiful ceiling piece for hanging up a
chandelier. Some months later eight large windows were covered with
curtains because the incoming light was dazzling. After a year
Isenflamm felt that the passage leading to the circular hall was steep
and dangerous and he demanded that stairs should be built. It was a
difficult task — spoiling the construction and the image of the rotunda.
The architect Krause ordered wooden stairs to be made and installed
but did not dare to change the upper northern window and make a
door instead. The stairs disappeared (Das erste Jahrzehnt, 1902, page

95).

kY
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Photo 7.

At first Krause had planned to connect the Anatomical Theatre with a
hospital but later it was decided to build the two separately because
the smell of corpses in the hospitals was not acceptable. On the same
place, where the Anatomical Theatre is located at present, it was
possible to use the cellars of an old fortification structure for storing
corpses.

As the number of students was constantly growing each year, the
building became too small. Already in 1820 the extension was
discussed and in May the same year Krause made respective drawings
and the calculation of building costs. Two wings were planned to the
rotunda but as the building site was too narrow, it was not possible to
put them on one line. According to the initial plan, the wings should
have been built at the right angle. Later the design was changed so that
the wings might have been added as segments to the rotunda. The
construction was completed only in 1825-1827 (K.A.UM. Acta
betr.). Both wings had two storeys which were separated from each
other by a flat cornice. The ground floor is rusticated as the rotunda.
Professor V. Vaga thinks (Vaga,1928, page 21) that thanks to the
semicircular wings the rotunda gains in importance becoming more
festive. V. Vaga also says that Krause’s old age tells in the design of
the wings (in 1825 he was 68 years old) and there are traces of giving
up the classical style (Vaga, 1928, page 21). On top of the tower there
was a glass structure to bring light into the upper part of the cupola
(Photo 8). In the first floor — there were (Photos 9, 10)
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Photo 9. The first floor of the Old Anatomical Theatre

a)

b)
c)
d)
e)
f.g)

a circular lecture room for teaching anatomy with a table for
autopsy which could be lowered with a special device to the cold
room in the ground floor;

a room for storing the pathological — anatomical collection;

a lecture room for lectures of pathological anatomy;

a staircase leading to the ground floor;
a staircase leading to the ground floor and the hatched ice cellars;

rooms for the collection of anatomical preparations (Die
Kaiserliche Universitit zu Dorpat. Fiinfundzwanzig Jahre nach

ihrer Griindung, pp. 30-31);
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D

Photo 10. The ground floor of the Old Anatomical Theatre

In the ground floor there were:

h) aroom for comparative anatomy;

1)  entrance to the central part of the building;

j)  entrance to the wing with a staircase from the northeast;

k) entrance with a staircase to the wing from the northeast;

1,m) rooms for anatomical autopsy and surgical practice;

n) the vestibule;

o,p) living quarters for a servant in anatomy classes;

q) the kitchen with waste water piping;

r)  the room for students to practise autopsy;

s) the cold room for corpses lowered from the lecture room
maceration there was a room next to the cellar).
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At the distance of 12 steps in the southwest at the foot of the wall
there was a roofless bleeching place for bones (length — 18 feet, width
— 12 feet, height — 12 feet), supplied with windows covered with an
iron net to let in the wind and sunrays ( Die Kaiserliche Universitdt zu
Dorpat. Fiinfunddzwanzig Jahre nach Griindung, page 31).

In 1856-1860 the wings were lengthened after the design of the
architect K. Rathaus (the university architect in 1851-1869). Rathaus
tried to harmonize his design with Krause’s style. Professor V.Vaga
finds that it was unsuccessful because the treatment of the details was
narrow—minded, shy and dry and spoilt Krause’s building (Vaga,
1928, page 33). (Photo 8).

In 1874-1878 Maximilian Rotscher was an acting architect of the
university but he did not have the necessary documents to prove his
qualifications. Under his guidance a house for the servant in the
Anatomical Theatre was built in 1874 (K.A.U.M. Acta betr.d. B. eines
Gebdiudes fiir die Versuchstiere...).

In 1911 by the request of Professor Extraordinary N. Burdenko, a
professor of operative surgery, the northern wing was added a new
wooden structure, designed by Pavel Fjodorovit§ Nikitin, to house the
Chair of Operative Surgery.

Photo 11. The Old Anatomical Theatre on 1902
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ON ANTHROPOLOGY AT THE UNIVERSITY OF
TARTU THROUGHOUT TWO CENTURIES

Jaan Kasmel

Centre for Physical Anthropology, University of Tartu, Estonia

The plan of the restoration of the University of Dorpat (present Tartu),
adopted in 1799, and its first statutes (1802, 1803) did not envisage
the teaching of anthropology. At the same time, however, the
curriculum of the university reveals that during the autumn semester
of 1802 Daniel Georg Balk (1764-1826), full-time professor of
pathology, semiotics, therapy and clinic, taught a course in medico-
philosophical anthropology for medical students, four hours per week.
He used the textbook Medizinisch-Philosophische Anthropologie fiir
Aerzte und Nichtaerzte published in Leipzig in 1790 by J. D. Metzger,
professor of the University of Konigsberg. In the following years Prof.
Balk taught physical-, historical- and physiological-philosophical
anthropology during five semesters, using specimens from his
anatomical-pathological collection to illustrate his lectures.

Actually, some other professors of the medical faculty took an
interest in the teaching of the subject as well. Thus, in 1805 four
professors of the medical faculty (D. G. Balk, H. F. Isenflamm, M. E.
Styx, L. E. Cichorius) out of six were involved in teaching
anthropology, which could have been facilitated by the completion of
the Theatrum Anatomicum (the first stage of the present Old
Anatomical Theatre).

That year can be regarded as the peak of teaching this academic
subject at the University of Tartu throughout its history. At that time
there were still only plans to introduce the teaching of anthropology at
Moscow University, which is one of the oldest universities in Russia,
founded in 1755.

Thereafter the number of lectures of anthropology delivered by
graduates of German universities dwindled, and after the Patriotic War
of 1812, in the period of political reaction in Russia, they ended.

Teaching of anthropology was resumed in the autumn term of 1822
by full professor of physiology, pathology and semiotics J. J. F. W.
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Parrot. In the following three quarters of the century it was continued
by Privatdozent H. J. Kéhler and full professor of anatomy and
forensic medicine A. F. Hueck. All three of them were already
graduates of the Imperial University of Dorpat. The two latter used for
their lectures on anthropology the first part of the textbook of
anthropology that their fellow student K.E. von Baer, professor of
zoology at Kénigsberg University, had published in 1824 [4].

From the beginning of the second half of the 19" century other
research centres in Russia began to develop considerably more rapidly
than before. The well-known naturalist A. Keyserling, after having
become the curator of Dorpat educational district in 1862, spared no
effort to preserve the earlier position of the university of this place
among the research centres of international significance.

Encouraged by him, the well-known German naturalist, Prof. M. J.
Schleiden moved to Dorpat (Tartu), where in the autumn of 1863 the
university established a professorship of plant physiology and
anthropology for him. During two terms Schleiden lectured only on
anthropology and, because of disagreements, left the university of his
own accord in a year.

One might suppose that, influenced by Schleiden’s lectures, full
professor of state medicine G. H. von Himmelstiern included in the
spring term of 1864 a section on forensic anthropology in his lectures
of forensic medicine that he delivered to the students of the law
faculty [8].

From the same year C. H. L. Stieda MD started working as
prosector’s assistant at the anatomical theatre (later he became full
professor of anatomy in Dorpat and thereafter at Konigsberg Univer-
ity). He was appointed to systematize K. E. von Baer’s legacy, and,
influenced by the works of the well-known naturalist, he became
interested in anthropology. Although in Dorpat (Tartu) Prof. Stieda
did not lecture on anthropology, he laid the foundation to systematic
anthropological research at the university. Under his supervision
doctoral dissertations were defended on Estonians’, Latvians’,
Livonians’, Jews’, Lithuanians’ and Ukrainians’ anthropology [9].

In 1864 the famous French anthropologist and surgeon P. Broca
published his manual of anthropometric research, which gave essential
impetus to the development of anthropology.

Using Broca’s manual, graduate of the Imperial University of
Dorpat (Tartu) B. E. O. Kérber MD, while working as a naval surgeon
in Kronstadt, conducted anthropological research on large groups of
sailors. In these studies Korber tried to find correlations between the
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development of different characteristics of physical development.
After becoming full professor of state medicine in Dorpat (Tartu), he
lectured on anthropometry in his course of hygiene during many years
31

To improve the teaching of anthropology and anthropological
research at the University of Yuryev (Tartu), Director of the Institute
of Anatomy Prof. A. Rauber submitted in 1901 an application to open
a department of anthropology and in 1909 an institute of anthropology
at the Old Anatomical Theatre, but, unfortunately, the university
rejected these applications.

During the 25 years of work at the University of Dorpat/Yuryev
(Tartu), Prof. A. Rauber himself did not lecture on anthropology, but
two of his students did: Privatdozent R. J. Weinberg MD from 1903—
1905 and Privatdozent A. E. Landau MD from 1909-1912. The latter
also became the first curator of the anthropological collection opened
at the university in 1911; before that he had donated to the university
the entire collection he had amassed for his own money. In 1912 he
also published in Yuryev (Tartu) a small handbook of anthropology in
Russian. Unfortunately the successful anthropological work at the
Institute of Anatomy was severed on the eve of World War [ [7].

After an interval of almost ten years, lectures of anthropology at
the University of Tartu of the Republic of Estonia resumed in the
autumn of 1922. The respective proposal had come from the former
merited professor of Harkov University, doctor of medicine and
zoology, 78-year-old Alexander Brandt, who had settled in Yuryev
(Tartu) as early as 1911. During the following eight terms, he taught
several anthropological courses as a Privatdozent [5].

Thereafter, lectures on anthropology were delivered by Privat-
dozent of criminal anthropology and criminalistics H. Madisson MD
and Privatdozent of internal diseases A. Arrak MD [1].

The founder of the Estonian school of anthropology professor of
zoology J. Aul (1897-1994), became interested in anthropology as
early as in his student days. After taking a doctor’s degree in 1938, a
study trip to Western Europe and a habilitation lecture, Tartu
University Council awarded him in October 1939 the qualification of
associate professor in anthropology. He delivered lectures on
anthropological subjects for more than forty years.

It should be added that Prof. J. Aul made an enormous contribution
to anthropology, measuring more than 40,000 Estonians (men,
women, schoolchildren) within ten years. Thus, by 1938, the
Estonians could be considered the nation that had undergone the most
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extensive anthropological measurements in the world. Unfortunately,
one of his wishes, opening an anthropology laboratory at the
university, never came true [6].

Only after the restoration of Estonia’s independence (1991), in the
course of reforms at the University of Tartu, the Centre for Physical
Anthropology was founded (on 18 July 1993) at the Faculty of
Medicine on the initiative of Professor of Obstetrics and Gynecology
H. Kaarma and with the support of Prof. P. Tulviste, the then Rector
of the University.

The aim of the Centre is to teach anthropology and carry out
research at the university and to coordinate respective activities in
Estonia. The Centre’s responsibilities also include graduate studies
and in-service training for students and experts in different
specialities.

The Centre unites lecturers, researchers and students from several
faculties of the university, and experts in several areas, who are
interested in anthropology. The Centre works in close cooperation
with the Ministry of Social Affairs, Bureau of Medical Statistics,
Estonian Anthropometric Register, Estonian Naturalists’ Society,
Institute of Mathematical Statistics at the university and a number of
well-known anthropologists from the whole world [2].

During its twelve years of existence, the Centre for Anthropology
headed by Prof. H. Kaarma has given its contribution to teaching and
research of this subject at the University of Tartu with its 11 faculties
and over 17,000 students.

Today the Centre for Physical Anthropology is continuing and
expanding its activities in the historic Old Anatomical Theatre, in the
rooms that once belonged to the Institute of Anatomy.
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ABSTRACT

The decreasing level of physical activity and fitness is a cause of
serious health problems (cardiovascular, endocrine, orthopedic,
psychosocial) even in the youngest population, where growing
obesity becomes more and more visible reality. Sedentary life style
reduces muscle mass and more fat tissue in body composition
became a “norm”. In the case of overweight and obesity, public
costs of medical treatment and clinical testing are enormous.
Therefore reliable, valid and easy in use testing tools are required
for the population-wide prevention strategies and intervention
programs. In the paper we have verified laboratory and field
testing methods in two most important determinants of obesity
prevention, showing scientifically proven dependence, namely: fat
and endurance measuring. It was concluded that the field methods
tested in the work turned to be valuable and reliable tools at the
level sufficient for health educators and professionals.

Key words: body fat, endurance testing, obesity prevention, youth

INTRODUCTION

According to WHO [41] obesity is a serious health problem that
reduces life expectancy by increasing one’s risk of developing
coronary artery and pulmonary disease, hypertension or diabetes of a
II type. Numerous studies have proven connection between the level
of activity and body fat [4, 15, 25, 27, 30] as well as with an
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occurrence of heart disease, metabolic problems, insulin of a Il type
[1, 16, 20] also genetically dependent. The prevalence of obesity in
young age groups appears to be increasing in most of the
industrialized countries. Recent research into this problem concerns
relations of physical activity with motor and cardiovascular fitness,
fatness, body mass, BMI (body mass index) and other body compo-
nents at various developmental stages but without any educational
interventions [2, 4, 7, 8, 13, 28, 35, 40]. In the research carried out in
the USA, on more than 10 thousand pupils, the connection between
the level of activity and BMI has been observed. Increasing BMI has
been influenced by decreasing physical activity [2].

The prevention of weight gaining requires a consideration of
several influencing determinants. Some of them, like genetic or
somatic determinations, are very often beyond our control (except
these of medical intervention). Others, like oxygen consumption
during physical exercises, can be reasonably easily controlled and
used in a health training prescription. It becomes one of the main
predictors in prevention of any abnormal weight (fat) gaining.

Most recently numerous researchers report evident connections
between VO,max (maximal oxygen consumption) and BMI. Ekelund
et al. [9] have found that body fat was significantly and negatively
related to VO,max both for boys (r=0.48) and girls (r=—0.43).
Interestingly, Kropej et al. [23] have found in their research that more
girls than boys reach a plateau in VO,, and fat mass (FM) is more
frequently in the plateau achievers than non-achievers. This finding
has agreed with the results of Kemper and van Zundert [20] who have
also found that more girls (73%) than boys (53%) could reach the VO,
plateau. In this case it is connected to a larger leg muscle mass and the
difference between genders grew along the rowing paths. It is also
worth mentioning here that Fawkner and Armstrong in their research
[10] found that there are no gender differences among pubertal boys
and girls in the oxygen consumption (VO,) kinetic response to
moderate intensity exercise. However, gender differences are apparent
even in the prepubertal years in the response to maximal exercise. It
seems to be important for the exercise loads prescription. However,
Suminski [34] found that the weight status of the child does not
significantly influence the correlation between VO,max as a result of
a maximal, graded treadmill test according to the Bruce protocol and
the field-based aerobic fitness test consisted of the 20m shuttle run
(20-MST).
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Van Praagh et al. [36] measured VO,max in 12-year-old boys in
the laboratory tests and estimated VO,max in the 20-MST. He found a
significant correlation between both tests. Grant et al. [12] compared
seven commonly used indirect VO,max tests (namely: the max Bruce
and the 85% Bruce treadmill tests, the Astrand-Ryhming test, the HR
exploration cycle ergometer test, the Leger shuttle run, the 15m-run
and the Canadian Fitness Test — ab. CAFT step test) with the direct
laboratory VO,max tests. His findings helped him conclude that all
the tests had a validity of 0.80 for females (except for CAFT) and a
very low validity for males (for the procedure description see: Grant et
al. [12]). Also, De Oliveira et al. [26] found a comparison between the
results of the 20-MST and the VO,max on a treadmill in the
laboratory (r=0.72) and therefore, the findings of the former one are
more suitable results for field games researching.

Kemper [18] in his report from the Amsterdam Growth and Health
Longitudinal study proved a significantly higher VO,max values of
relatively physically active boys and girls than achieved by their
inactive counterparts (during the teenage period 12-21 years).
However, an increase in the physical activity level of 30% over an
extended period of time (25 years old) resulted in a relatively small
increase in VO,max — 3%. Kemper concluded that genetic determi-
nants were more important for aerobic fitness than environmental ones
(such the as amount of daily physical activity).

In the prevention of obesity prevalence it is important to detect the
problem and the possible reasons of its occurrence quite early. It is
known that some genes are responsible for muscle mass control (GF —
1 or PPAR Delta). Others, like EPO, help in increasing endurance
abilities. Establishing of DNA structures and the types of genes,
responsible for various health abilities as well as some diseases, is
certainly necessary, when used in a proper and an ethical way to save
human life but if it is misused, hangs a dangerous threat over a
mankind. And probably “early” genetic intervention (excluding the
one during pregnancy) would be the easiest way to shift the problem
of obesity away, once and for “good”. However, whether this would
be really for good? It remains unknown.

Since the relation between the body-size and the maturation stage
related to exercise performance level is well-known and documented,
any comparison between boys and girls at the age of puberty should
employ special techniques for interpreting the size-related results [37].
However, it has not been of our intention to go into details of gender
comparison between pubertal girls and boys and we are aware of



32 Lab or gym? Dilemma on choosing a research battlefield ...

dimorphic differences starting to differentiate girls from boys around
this age [38]. The clear aim of this paper is to validate field and lab
testing methods, and therefore we have decided to connect boys and
girls together, while analyzing various methods of testing.

The aim of the research was to find possible tools, easy in use, to
help reduce obesity through the early stage of prevention. It would be
the most practical and within the reach of an “average” health
professional for whom a sport gym rather than a physiological
laboratory should be the first choice in developing intervention
strategies. Clinical laboratory exercise testing may be useful in small
groups of children or adults, but does not work in exercise testing of
children or nation-wide research. Therefore, the purpose of this study
was to validate fitness and fatness testing as useful tools for exercise
prescription in natural field conditions.

SUBJECTS AND METHODS

The amount of body fat is usually quantified by assessing the fat mass
(FM) and fat-free mass (FFM) of the individual. Among most
commonly used methods of body fat measurement one should notice:
anthropometrical measurements (including body height, body mass
and several circumferences of various body segments), skinfold
thickness measurements, dual X-ray absorptiometry (DXA), magnetic
resonance imaging (MRI), underwater weighting or Bioelectrical
Impedance Analysis (BIA). The present trends point towards a new
method of body fat estimation — the BOD POD Body Composition
System based on the principle of air displacement (opposite to
underwater weighing based on the principle of water displacement). In
the BOD POD system subjects sit in an egg-shaped fiberglass
chamber that contains a weighing device and a computer used to
determine body density. Only a couple of studies have been conducted
so far, but this new method seems promising as it is relatively quick
(takes three to five minutes), simple and requires little effort by the
subject (for more see:[14, 24, 29, 32]).

In the research carried out at the beginning of the 2004/05 school
year in Poznan there was a sample of 32 randomly selected 13-year-
old pupils (14 boys and 18 girls) from two gymnasium schools. The
body fat estimation was done by skinfold thickness measurement
using a Lange caliper. Skinfold mean values were obtained by
measurement done in five sites: subscapular, suprailiac, triceps, biceps
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and calf. There was also an examination of the body fat of all the
subjects by BIA with by Bodystat (see the description of the testing
procedure in Heyward et al. [14]). The level of endurance in every
subject was determined both by the 20-MST and the PWC;y, test
(accordingly to the Eurofit test battery procedure). The mean and
standard deviation values of the examined groups are presented in
Tables. 1 and 2. Statistical methods (including the Spearman’s corre-
lation coefficients) were employed to establish significance of
correlations between the measured variables.

Table 1. Mean, median and standard deviation values in a group of
examined 13-year-old boys (N=14)

X Mean | Median | Min Max SD

Cardiorespiratory

endurance

PWC [W/kg] 1.93 2.03 1.00 | 2.50 0.36
PWC [W] 98.36 | 104.05 |61.30 [121.40 |17.33

Endurance shuttle run 7.00 8.00 3.00 9.50 2.05
[cycle’s number]
Body composition

Weight [cm] 51.64 54.50 |35.00 |64.00 8.53
Height [kg] 165.17 | 165.00 |146.00 |176.00 9.30
Fat mass [kg] 8.60 840 | 5.00 |14.70 3.07
Fat free mass [kg] 39.32 40.45 {31.10 |46.80 5.46
BMI [kg/m’] 17.67 17.35 114.50 |21.10 2.02
Skinfolds

Triceps [mm] 8.00 8.00 | 5.00 |15.00 2.71
Biceps [mm] 5.92 5.00 | 3.00 |11.00 2.20
Subscapular [mm] 7.57 8.00 | 3.00 |12.00 2.37
Suprailiac [mm] 12.50 14.50 | 5.00 |{17.00 3.77

Calf [mm] 12.14 11.50 {5.00 21.00 4.73
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Table 2. Mean, median and standard deviation values in a group of
examined 13-year-old girls (N=18)

X Mean | Median | Min Max SD

Cardiorespiratory

endurance

PWC [W/kg] 1.91 1.86 1.40| 2.69 0.32
PWC [W] 93.52 98.60 60.20 [129.10 | 20.65

Endurance shuttle ran 6.27 6.50 4.00| 9.00 1.73
[cycle’s number]
Body compeosition

Weight [cm] 49.27 46.50 36.00 | 72.00 10.32
Height [kg] 162.72 {162.00 [151.00 [187.00 9.29
Fat mass [kg] 9.72 9.25 4.10] 21.00 | 4.02
Fat free mass [kg] 37.51 38.15 29.10 | 46.00 5.07
BMI [kg/m’] 18.53 18.55 14.10 | 24.00 2.39
Skinfolds

Triceps [mm 11.00 10.50 5.00 | 21.00 3.72
Biceps [mm] 7.38 7.00 3.00| 16.00 2.95
Subscapular [mm)] 9.88 9.00 5.00 | 24.00 4.60
Suprailiac [mm] 15.77 15.50 5.00| 26.00 6.40
Calf [mm] 12.16 11.50 5.00 | 21.00 4.28
RESULTS

The comparison of the results obtained by the field and laboratory
estimation methods of the selected health-related fitness components
(endurance, body composition), and connected with obesity is
presented in Table 3. The measurement of cardio-respiratory fitness
done by the 20-MST proved a strong and statistically significant
correlation of the 20-MST with the PWC,4o test while the PWC,4
results were expressed in values per kg of body mass (r=0.70; p<0.01).
No significant correlation between the 20-MST and the PWC, 4 test
for calculation of the overall PWC results in W was found. The
endurance run is dependent on body mass and, of course, on all the
muscle mass engaged in this kind of an exercise. In the PWC,, test
only the muscle mass of the lower part of the body is engaged in
cycling. So, the final physical capacity, obtained as a result of this test,
is generated not by the whole body. Probably, the PWC, 5, test results,
calculated per kg of body mass, reflect the correlation between
endurance run and cycling in a better way.
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As it was noticed, a comparison of body skinfolds, measured with
a Lange caliper, indicated a significant correlation of the body mass
components obtained by a bioelectrical impedance analysis (BIA). A
sum of five skinfolds has shown a strong statistically significant
correlation to fat mass (FM) in both: body mass expressed in kg
(r=0.408; p<0.01) and percentage of the total body mass (r=0.391;
p<0.01).

Table 3. The Spearman’s correlation of: field and laboratory tests results
in examined 13-year-old pupils (boys and girls together)

R Spearman | t(N-2) | p level
Cardio-respiratory endurance
20-MST & PWC [W/kg] 0.701 5.397 0.000
20-MST & PWC [W] 0.327 1.895 0.067
Body composition
Triceps & fat mass [kg] 0.208 1.166 0.252
Triceps & fat mass [%] 0.191 1.068 0.293
Biceps & fat mass [kg] 0.316 1.828 0.077
Biceps & fat mass [%] 0.347 2.027 0.051
Subscapular & fat mass [kg] 0.504 3.199 0.003
Subscapular & fat mass [%] 0.435 2.646 0.012
Suprailiac & fat mass [kg] 0.232 1.309 0.200
Suprailiac & fat mass [%] 0.181 1.012 0.319
Calf & fat mass [kg] 0.340 1.982 0.056
Calf & fat mass [%] 0.440 2.689 0.011
Sum of: skinfolds & fat mass [kg] 0.408 2.449 0.020
Sum of: skinfolds & fat mass [%] 0.391 2.328 0.026
BMI & fat mass [kg] 0.705 5.449 0.000
BMI & fat mass [%] 0.514 3.285{0.002

However, a correlation analysis of: the selected skinfolds (by caliper)
with a total body fat (by BIA) has shown some differences. A
statistically significant correlation with the percentage of body fat was
found only for subscapular and calf skinfolds. Thickness of other
skinfolds proved no direct relation to the total body fat.

DISCUSSION

The relations between the level of fitness and body fat contents have
been proven in the numerous studies mentioned earlier. For the aim of
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our research it was important to estimate a significance of correlation
between the selected methods of body fat and endurance abilities
assessment in the group of 13-year-old boys and girls. It was our
belief that at this age there was still a chance to modify habitual
behaviours in accordance with health-related fitness theories [5], and
therefore any possibility should not be squandered. Szmodis et al. [33]
have found a correlation between the parental body linearity and
skinfolds in the off-springs. It has proven the strongest relation
between 10~13 years of chronological age. The period of puberty has
brought rapid changes both to the mind and body. It has seemed to be
associated with more marked organism’s responses to slight modi-
fications of the natural surrounding and environment, particularly in
boys, who have been found as more eco-sensitive [6, 33, 39].

In this comparison study of field and laboratory tests it was our
aim to estimate a correlation and reliability of the selected tests. The
results of the 20-MST have strongly correlated with the PWCy test
(Table. 3) noticed as a time and money consuming laboratory test —
expensive as regards time and necessary means. Some attempts to
find an easier way to estimate the selected health-related fitness para-
meters were undertaken earlier [3, 38]. These authors have compared
modern and traditional body composition assessment methods.
However, our findings have provided a very important and easy in use
a tool to assess the teenagers’ characterized by a low level of physical
fitness. There was no need to employ an expensive laboratory
procedure to the predict subject’s oxygen consumption. Endurance
could be estimated in quite a simple way otherwise. Therefore, the 20-
MST would be useful for both school and training (health-related)
settings — easy to control, easy to implement and reasonably valuable
to estimate an improvement of health levels.

Similarly, a comparison of body fat measurements — BIA and
skinfolds — has revealed that these two methods could be used
interchangeably with a statistically justified correlation and validation.
However, a more detailed analysis has indicated that to minimize
possible estimation errors there was a need to measure several
skinfolds. This might be due to individual differences in body fat
distribution, especially among teenagers incoming the stage of
puberty. Saczuk et al. [31], also Kemper et al. [17] in their research
have found it possible to distinguish four subgroups of biological
development (according to Tanner’s scale) in the same age category of
13-year-old pupils. It would also obviously influence the distribution
and spreading of the body fat. It was proven in our research that a sum
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of five skinfolds, namely: biceps, triceps, subscapular, suprailiac and
calf have significantly correlated to the estimation of body fat
assessment by BIA (p<0.01), and therefore might also be used
interchangeably.

A monitoring of changes in FM and FFM or endurance capacity
could improve our understanding on energy metabolism and allow
avoiding various diseases causing body composition changes. An
accurate assessment of the body health level has been equally
important in the case of professional athletes as well as any other
member of society to understand Kemper’s {19] consideration: “Are
we fit because we are active? or “Are we active because we are fit?”.
Health consequences related to obesity in youth concerned many risk
determinants, such as: cardiovascular (dislipidemia, elevated systolic
and diastolic blood pressure), endocrine (insulin resistance, abnormal
metabolism), life style (low fitness, low physical activity level, low
movement competence), orthopedic (accelerated, abnormal growth)
psychosocial (low self-esteem and socio-economic status). There are
also strong indications of transferring the problem of obesity from
youth into later stages of adulthood and elderly life [18, 22].

Additionally, we have to remember that psychosocial conse-
quences of lowered fitness level and obesity problems in children and
youth might range from learning and behavioral difficulties through
negative self-esteem and self-confidence to acceptation of cultural
preferences for thinness. In future it could be transferred to the next
generation in the family. So the problem requires a considerable
attention. Therefore, methods of health assessment, easy in application
and reliable at the same level, such as: skin thickness measurement or
the 20-MST should be recommended to become widely used tools for
all the professionals of health science, especially in the field of natural
environment. It would allow us to avoid many problems with all these
getting the lab ready for “the research” and perhaps help diminish the
level of people’s obesity.

CONCLUSIONS

1. Skinfold field methods of body composition assessment are
reliable and useful tools for identifying health risks, determining
the health and fitness profiles and monitoring growth as well as the
evaluation of nutrition and exercise intervention changes.
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2.

For an accurate assessment of body fat by the use of skinfold
method, it seems necessary to measure and sum up several
skinfolds giving more statistically justified correlation.

Results of 20m shuttle run test (20-MTS) can be used as a reliable
indirect method to predict accurately VO;max and endurance
abilities (capacity) in young children.

The field and laboratory body fat and endurance testing methods
examined in the paper can be used interchangeably with
statistically similar significance.
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ABSTRACT

When establishing morphological and functional indices for
basketball players, researchers have analysed the data of the
members of a team as belonging to one and the same sample. We
think that it is necessary to differentiate analysis on the basis of the
playing position of the player.

We examined 36 high-class basketball players: 15 guards, 13
forwards and 8 centre players. Testing included collection of
anthropometric data and a cardiopulmonary test with stepwise
increasing loads.

In all investigated subjects the following variables were
sampled: oxygen uptake expressed per kilo of the subject’s weight
at rest (VOjes), at anaerobic threshold (VO;a71), and at peak of
exercise (VOpmax), the ratio of oxygen uptake at anaerobic
threshold to oxygen uptake at the peak of exercise (ratio
VO,41/'VOamax), WOIk rate at anaerobic threshold (W4t), work rate
at the peak of exercise (Wmax) and relative power expressed as
peak of work rate per kilo of the subject’s weight (W ,), heart rate
at anaerobic threshold (HRa7), heart rate at the peak of exercise
(HR ), pulmonary ventilation at anaerobic threshold (VEary),
pulmonary ventilation at the peak of exercise (VEn,) and
respiratory exchange ratio (RER) at the peak of exercise.

We found significant differences in height (F=38.027) and body
mass (F=37.899) between the athletes in different playing posi-
tions, using analysis of variance. Despite significant differences in
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body height and weight, we were not able to confirm existence of a
similar consistent pattern for body mass index.

We also found significant differences in peak oxygen
consumption (F=4.234) and relative power (F=8.313) between the
athletes in different playing positions, using analysis of variance.

The results of the study show that there are significant
differences in the morphological and functional indices between
the guards, forwards and centre players, arising during regular
sport-specific exercise. Therefore, we are of the opinion that it is
necessary to use morphological and physiological data, collected
during cardiopulmonary exercise testing (CPET) in selection of
players, for management of the training process, as well as for
evaluation of the testing results on the basis of the person’s playing
position.

Key words: anthropometry, exercise testing, basketball, playing
positions, oxygen uptake

INTRODUCTION

Fitness of players is an important characteristic that may directly
influence the effectiveness of the team in sport games. A reliable
measure of a subject’s physical capacity is necessary to plan training
programmes and to define some aspects of performance. Despite the
similarity of performance indicators in invasion sport games [8] and
selection, different exercise loads and tunctions fulfilled during
training and competition introduce specific physiological features of
the involved subjects. For the above reasons and owing to early
specialization in sport schools, participants develop morphological
and functional properties differing among different fields of sport as
well as within one and the same field.

While research into soccer and tennis has been well advanced,
considerably less attention has been given to other sport games like
handball or basketball [6, 7]. Basketball is a typical invasion game
with repartition of participants according to playing position. Despite
specific research focused on physiological response to physical stress,
inherent in basketball [7, 10], relatively little information is available
about comparison of morphological and functional properties in
relation to particular playing positions. The mean values for the
investigated groups are used as a generic fitness standard, while
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playing position-related differences are overlooked or ignored [9]. The
improved quality of practice but not its increased amount can ensure
success for professional athletes in the future. The best possibilities
for improving the quality of conditioning are associated with
individualization of exercise tasks and intensities. However, the first
step in individualization of conditioning is determination ofi current
typical morphological and functional indices. The relationship
between morphological and functional indices and playing positions is
not yet established for male elite basketball.

The purpose of this study was to evaluate the differences in
individual anthropometric and physiological parameters obtained
during cardiopulmonary exercise testing in professional high-level
basketball guards, forwards and centre players.

MATERIAL AND METHODS

We studied 36 healthy men: 32 Caucasians and 4 blacks. All 36
subjects were professional athletes with international experience
(European Cups for club teams as a minimum). The study cohort
consisted of 15 guards, 8 centre players, and 13 forwards. Written
informed consent for participation in the study was obtained from
each athlete in accordance with the Code of Ethics.

Height (to the nearest cm) and weight (to the nearest 0.1 kg) were
recorded with the subjects dressed in exercise clothing and without
shoes. Standing height and weight were used to calculate BMI
(weight, kg) / (height, m?).

Each subject was well rested before the test and had not done hard
physical work during the preceding 24 hours. All tests were carried
out under laboratory conditions complying with the regulations of the
American Thoracic Society (ATS) [1]. Each subject performed the
exercise test on an electrically braked cycle ergometer ERGO-
METRICS 800 (Ergoline, Bitz, Germany). Power output was
increased by 25 or 30 Watts (W) every minute and pedalling cadence
was kept constant at 60-70 revolutions per minute (rpm). The exercise
tests were terminated upon exhaustion or when the criteria established
for test termination were met. Termination of the test was associated
with the following criteria: respiratory exchange ratio being 1.10 or
more, heart rate attaining a plateau with the increasing workload,
oxygen consumption attaining a plateau with the increasing workload

1, 4, 11].
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Gas exchange data were collected continuously using the auto-
mated breath by breath system VMAX229C (Sensormedics Corps.
Yorba Linda, CA, USA). Calibration of the flow/volume sensor was
achieved immediately before each test by manually pumping a 3-litre
syringe through the flow-meter at a rate similar to that achieved
during the exercise test. Samples were formed for each 20-second
interval for the evaluation of the lung ventilation indicators, heart
activity and oxygen uptake. Anaerobic threshold was identified by the
conventional criteria using the V-slope method [1, 11]. In all
investigated subjects the following variables were sampled: oxygen
uptake expressed per kilo of the subject’s weight at rest (VO,y), at
anaerobic threshold (VO;at), at the peak of exercise (VO;max), the
ratio of oxygen uptake at anaerobic threshold to oxygen uptake at the
peak of exercise (ratio VO, a1t/ VOijna), work rate at anaerobic
threshold (Wat), work rate at the peak of exercise (W,) and relative
power expressed as the peak of work rate per kilo of the subject’s
weight (W), heart rate at anaerobic threshold (HR471), heart rate at
the peak of exercise (HR,,,), pulmonary ventilation at anaerobic
threshold (VEat), pulmonary ventilation at the peak of exercise
(VE.x) and respiratory exchange ratio (RER) at the peak of exercise.

The statistical Package for Social Sciences software (SPSS 11.0)
was used for all statistical analyses. Descriptive statistics were
calculated as the means, standard deviations, range and medians. The
data was analysed using ANOVA for the repeated measures. The
critical value of Fisher’s distribution was F>3.3158 for analysis of
variance [3]. The differences detected by ANOVA were determined
with the Tukey HSD and Bonferroni post hoc tests. Statistical
significance was accepted for the p <0.05 levels.

RESULTS

The comparative data of the anthropometric parameters for the guards,
forwards and centres are presented in Table 1.

We found significant differences in height (F=38.027) and body
mass (F=37.899) between the athletes in different playing positions,
using analysis of variance. However, despite significant differences in
body height and weight we cannot confirm existence of a similar
consistent pattern for body mass index.
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Table 1. Anthropometric indices of the study subjects.

.. . Mini- | Maxi-
Parameter Position Mean+SD Median mum mum
Guards 24.13+3.796 24 19 30
Age (years) Forwards | 26.23+3.898 26 20 32
Centres 25+3.891 25.5 19 30
Guards 188.8+6.27 190 179 201
Height (cm) * |Forwards | 201.54+4.96 203 192 208
Centres 207.75+£3.845 | 207.5 203 215
Guards 85.47+6.297 85 69.0 95.5
g(‘;‘)’{mass Forwards | 101:7.876 | 101 | 88.5 | 113.0
Centres 111.31+£7.294 | 109.25 | 104.0 127.0
Guards 24.02+2.051 24.78 19.52 | 26.58
g:i‘g ‘(‘l‘(ags/;z) Forwards | 24.88+3.851 | 24.73 | 22.57 | 2831
Centres 25.77+1.282 25.22 24.27 | 27.63

* Fisher’s distribution between the groups > 3.31.

We confirmed statistically significant differences in height and body
mass between the guards, forwards and centres using the post hoc
criteria. Differences in body mass and height in the case of different
playing positions are presented in Table 2.

Strong correlation (r=0.817, p<0.0001) was established between
the weight and height of the investigated athletes using the Spearmen
range test. As shown in Fig. 1, this relationship can be described as

Mass (kg) = —111.72 + 1.06 x height (cm).

The values of the physiological variables estimated or calculated
during cardiopulmonary exercise testing are presented in Table 3.
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Table 2. Multiple comparison of the morphological indices.

Para- Post hoc Comp'a red Mean Standard
meter criterion pla}' ng difference error P
positions
G-F —12.7385 2.0322 0.000*
Tukey HSD G-C -18.95 2.3479 0.000*
Height F-C —6.21154 2.4099 0.037*
(cm) G-F |-12.7385 | 2.0322 | 0.000*
Bonferroni G-C -18.95 2.3479 0.000*
F-C —6.21154 2.4099 0.043*
G-F —15.5333 2.6974 0.000*
Tukey HSD G-C —25.8458 3.1164 0.000*
Weight F-C -10.3125 3.1987 0.007*
(kg) G-F |-15.5333 2.6974 | 0.000*
Bonferroni G-C —25.8458 3.1164 0.000*
F-C -10.3125 3.1987 0.008*
* Difference statistically significant, p<0.05.
130
120
110
Playing position
100 <1 centre players
Rsq =0.4126
O forwards
Rsq =0.1100
3 Y e
p-
é Total sample
&0 Rsq = 0.6336

170

180 190

HEIGHT (cm)

200 210

220

Figure 1. The relationship of body mass and height in male basketball

players.
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Table 3. Main results of cardiopulmonary exercise testing of the study
subjects.

Parameter Position Mean=SD | Median ﬁ:ﬁ; I:An?j::

Guards 26.0945.97 | 25.6 | 18.1 | 40.8

VOt Forwards 23.28+2.91 23 18.5 | 30.1

(m/min/ke) 1 s 2243£378 | 227 | 156 | 275

Vo * Guards 52.8548.84 | 52.7 | 356 | 663

2max Forwards 46174595 | 47.6 | 362 | 55.1
(ml/min/kg)

Centres 45.75£3.38 | 46.45 | 405 | 50.0

_ Guards 49.62+8.88 | 48.1 | 363 | 66.4
Ratio VO,,1

VO, Forwards 50.85+6.05 50.2 43.2 62.4

Centres 48.99+7.04 50.4 38 60.3

W Guards 3.93+0.48 3.99 | 326 | 4.82

(“;c/l;g) Forwards 3.3640.5 328 | 274 | 463

Centres 3194038 | 3.075 | 275 | 3.78

Guards 53.66+14.06 | 503 | 358 | 83.4

(\{/];:n"i;) Forwards 56.25+11.56 55 373 | 752

Centres 53.95+13.13 | 5565 | 334 | 73.1

VE Guards 134.49+25.72 | 126.7 | 100.3 | 1823

a /r;“;) Forwards 133.06+31.56 | 127.8 | 89.0 | 193.4

Centres 139.69+19.69 | 139.05 | 113.2 | 168.9

R Guards 124.4£15.79 | 121 102 154

(bp:nT) Forwards 123.23+13.06 | 121 101 143

Centres 123.12+7.29 122 115 134

HR Guards 172.67+14.8 172 141 194

(bp:’)‘ Forwards 171.69+12.57 | 175 151 190

Centres 170.87+12.02 173 151 190

* Fisher’s distribution between the groups > 3.31.

We found significant differences in peak oxygen consumption
(F=4.234) and relative power (F=8.313) between the athletes in
different playing positions, using analysis of variance. The differences
in relative power and peak oxygen consumption, detected with the use
of different post hoc criteria are presented in Table 4. Despite the
marked differences in the mean values of relative power between the
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Table 4. Multiple comparison of the functional indices.

P Compared
Parameter crc;ts;r}ilg; pla.y'i ne Dili:tl'leeril:lce Stgrrlr(i;rd P
positions
G-F 6.6774 2.6364 | 0.042*
Tukey HSD G-C 7.0966 3.0459 | 0.065
VOsmax F-C 0.4192 3.1264 | 0.99
(ml/min/kg) G-F 6.6774 2.6364 | 0.049*
Bonferroni G-C 7.0966 3.0459 | 0.078
F-C 0.4192 3.1264 | 1
G-F 0.5711 0.1784 | 0.008*
Tukey HSD G-C 0.7417 0.2061 | 0.003*
Wi F-C 0.1707 0.2115 | 0.702
(W/kg) G-F 0.5711 0.1784 | 0.009*
Bonferroni G-C 0.7417 0.2061 | 0.003*
F-C 0.1707 0.2115 |1

G- guards, F- forwards, C- centres. * Difference statistically significant, p<0.05.

VO AX

3.0

W_relat

3.5 4,0

45 5.0

Playing posiion

centre play ers
Rsq=0.1167

forwards
Rsq =0.3733

guards
Rsq = 0.0679

Total sample
Rsq = 0.2827

Figure 2. Scatterplot of oxygen consumption to relative power of the
subjects of the study.
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guards and the centre players, we cannot confirm that these
differences were significant. We only succeeded in establishing
statistically significant differences for individual basketball playing
positions in peak oxygen consumption and relative power. Fig. 2 is an
attempt to develop a scatterplot of these variables.

DISCUSSION

The main result of this study is the establishment of significant
differences not only in the morphological but also in the physiological
properties of elite basketball players in relation to their playing
positions. Although typical anthropometric and physiological para-
meters of basketball players have been reported in the literature [2, 5,
7, 10], the data have not been analysed regarding the playing positions
of the subjects.

We found evidence that guards are aerobically better prepared.
Hoffman (2003) made the same suggestion but the results of the study
were not statistically confirmed [7]. Peak oxygen consumption values
of elite guards in basketball are higher than upper border normative
values for healthy sedentary adults {1, 4, 11]. This categorical
difference does not concern forwards and centres at all. On the other
hand, it can be concluded that forwards and centre players can
successfully participate in elite basketball with relatively low oxygen
consumption properties. We suggest that differences in oxygen
consumption between guards and centres could be statistically
confirmed by comparison of larger groups.

The reasons for differences in aerobic condition between
individual basketball players could be associated with different
distances covered during game and training. Elite basketball guards
were able to develop higher relative power during CPET compared
with the forwards and centres. However, confirmation of this
suggestion requires further research.

Despite significant differences in the morphological parameters,
we failed to describe the relationship between body mass and height
using linear regression for the guards and the forwards, as shown in
Fig. 1. Probably, athletes with different body builds can fulfil the
playing duties of guards and forwards equally well in basketball. In
general, although we described the relationship between VOjp,x and
Wieia @s linear (r-square >0.25), some problems arose with linearity
when we attempted to construct this relationship in relation to playing
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positions. Yet we can suggest at least two links: the results revealed
the need to study more sensitive indices of functional capacity. On the
other hand, the results of cardiopulmonary exercise testing might be
associated with the intensity of exertion, as has been shown in soccer
[6]. We suggest that division of basketball players according to their
playing time could explain some unclear issues in similar studies.

Use of two post hoc criteria (Bonferroni and Tukey HSD) is due to
the different properties of these criteria [3]. Similarities between the
results obtained with the use of different post hoc criteria could be
accessory indirect confirmation of the presented differences.

The established values of anthropometric and physiological
parameters for individual playing positions could be useful in
selection and evaluation of athletes in high-level basketball. The
differences found should be taken into account when designing
conditioning programmes for high-level basketball teams.

CONCLUSION

The results of the study show that there exist significant differences in
the morphological and functional indices between the guards,
forwards and centre players, arising during regular sport-specific
exercise. We therefore think that it is necessary to use the morpho-
logical and functional data, collected during cardiopulmonary testing,
in selection of players, for management of the training process, as well
as for evaluation of the testing results on the basis of the person’s
playing position.
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ABSTRACT

The paper presents a short overview of the variability of stature,
head and face measurements in Finno-Ugric and their neighbou-
ring peoples on the basis of Karin Mark studies (22 ethnic groups,
consisting of 133 local ethnic groups, over 12,000 individuals in
total) [6, 7, 8]. The article describes the dependence of head and
face measurements on stature.

The studied peoples are characterised by considerable
anthropological variety. The mean stature of these peoples varies
between 157.7-174.7 cm, head length between 186.3—195.9 mm,
head breadth between 150.8-159.8 mm, etc.

Dependence of head measurements on stature is rather great.
The correlation coefficient is the highest between the head module
and stature (r=0.80), followed by head length (+=0.74) and head
breadth (r=0.55). It is also high between forehead breadth and
stature (#=0.61). Among the face measurements, the most greatly
dependent on stature is physiognomic facial height (r=0.60),
followed by morphological facial height (r=0.44). The breadth
measurements of the face are less dependent on stature: bizygo-
mathic breadth (»=0.30) and bigonial breadth (=0.24).

Key words: Finno-Ugric peoples, stature, head and face measure-
ments, correlations

INTRODUCTION
Correlations between particular parts of the body are significant from

the viewpoint of the body as a whole as well as for comparing the
morphological characteristics of different nations. In Estonia, only a
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few papers have been dealing with these correlations [1, 2, 3, 4].

The well-known Estonian anthropologist K. Mark (1922-1999),
who could, with full justification, be called a Finno-Ugric anthropo-
logist, has assembled an extensive and valuable body of material
concerning the morphological characteristics of all the Finno-Ugric
peoples and, for comparison, their neighbouring peoples. The results
of her studies have been published in monographs as well as in many
other solid sources [6, 7 and others]. In her extensive manuscript study
on the anthropology of Finno-Ugric peoples and their neighbouring
peoples, K. Mark has also presented correlations between characte-
ristics.

The current article introduces a part from the forthcoming
monograph Physical Anthropology of the Finno-Ugric Peoples, which
is based on K. Mark’s material [8]. It will deal with the variability of
stature and head and face measurements, and the correlations between
these measurements and stature.

MATERIAL AND METHODS

Data on the mean stature, head and face measurements of 22 ethnic
groups (consisting of 133 local ethnic groups), studied by K. Mark
(among them 17 Finno-Ugric, 2 Indo-European and 3 Turkic groups, a
total of more than 12,000 individuals) were used [6, 7, 8]. The
arithmetical means and variation range of the traits of the studied
peoples are given in the Table 1. Here, the ethnic groups are arranged
in ascending order of their mean stature.

To establish the dependence of head and face measurements on
stature, K. Mark used the correlation coefficient. It was calculated
between the head and face features and stature using the arithmetic
averages of Finno-Ugric groups. The main statistics of the respective
traits are given in full in the monograph Physical anthropology of the
Finno-Ugric peoples (after K. Mark’s manuscript; compiled, comp-
leted and edited by L. Heapost) [8].

In this article, the classification of traits used by K. Mark is unchan-
ged.
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RESULTS AND DISCUSSION

The average stature, head and face measurements are presented in
Table 1.

The average stature of the studied ethnic groups varies greatly —
from 157.7 cm to 174.7 cm. Observing the ethnic groups in ascending
order of their average stature, we get a number of groupings of
peoples within which there are no significant differences.

1. Khants have the shortest stature among all the peoples studied
(157.7 cm); they differ significantly from all the other peoples.
2. Mansi, Sami and Bessermen are of short stature (160.5-161.6 cm).
3. Mari, Udmurts and Komi-Permyaks (162.3-162.9 cm). 4. Bashkirs
and Vepsians (163.5-163.9 cm) are peoples of relatively short stature.
5. Komi-Zyrians, Chuvash and Tatars (164.7-165.2 cm) are already of
medium growth for Finno-Ugrians, 6. Karelians, Russians of the
Volga area, Izhorians and Moksha (165.7-166.3 cm). 7. Erza, whose
growth is above the average (167.7 cm), differ significantly from all
the other peoples studied. 8. Transcarpathian Hungarians and northea-
stern Finns have relatively tall stature (168.7-169.3 cm). They differ
significantly from the other peoples. 9. Finns (without northeastern
Finns) and Estonians have rather tall stature (172.9-173.2 cm). They
differ significantly from the others. 10. Finnish Swedes (174.7 cm) are
the tallest among the peoples studied and differ significantly from all
the others.

The average head length of (summative) ethnic groups varies
from 186.3 mm to 195.9 mm. The ethnic groups form a number of
groupings according to their mean head length, within which signi-
ficant differences are almost nonexistent.

1. Izhorians, Transcarpathian Hungarians, Komi-Permyaks and
Udmurts with the smallest head length (186.3—187.3 mm). 2. Mari,
Sami and Vepsians (187.7-188.2 mm). 3. Bessermen and Karelians
(188.5-188.6 mm). The same grouping also includes Chuvash, Komi-
Zyrians and Russians of the Volga area, whose head length (188.7-
189.2 mm) is also medium for Finno-Ugrians. 4. Mansi, Khants,
northeastern Finns and Bashkirs, whose head length is medium
(190.1-190.8 mm). 5. Tatars together with Erza and Moksha (191.4-
191.8 mm). 6. Finns (without northeastern Finns) and Estonians have
considerably longer heads (193.4-194.0 mm). 7. Longest head (195.9
mm) is characteristic of Finnish Swedes.



Table 1. Stature, head and face measurements of: Finno-Ugric and comparative ethnic groups

Stature N Head length Head breadth Head module
N M var M var M var M var

Khants 90 157.7 - 92 190.2 ~ 151.9 - 342.1 -

Mansi 71 160.5 | 158.4-164.5 75 190.1 189.9-190.5 | 152.8 | 152.3-153.7 | 342.9 | 342.2-344.2
Sami 197 | 160.8 | 158.2-163.6 | 201 187.8 | 187.0-189.0 | 156.0 | 153.7-158.4 | 343.8 | 340.7-3474
Bessermen 134 | 161.6 | 160.6-162.6 138 188.5 | 186.3-190.2 | 151.6 | 150.7-152.3 | 340.1 | 337.0-342.5
Mari 925 162.3 | 160.9-164.8 | 982 187.7 | 186.4-189.5 | 152.3 | 150.6-153.7 | 340.0 | 337.8-342.0
Udmurts 1324 | 162.5 | 161.4-163.6 | 1359 | 1873 | 183.6-190.4 | 151.1 149.3-152.5 | 338.4 | 335.0-3429
Komi-Permiaks 286 | 162.9 | 162.1-163.5 | 291 187.0 | 186.6-187.7 | 151.9 | 151.3-152.7 | 338.9 | 337.9-339.5
Bashkirs 394 | 163.5 | 162.5-165.2 | 403 190.8 | 188.9-192.0 | 1524 | 150.4-1554 | 343.2 | 342.4-3443
Vepsians 105 163.9 | 163.4-164.7 108 188.2 | 187.5-189.4 | 153.1 152.6-153.8 | 341.3 | 340.1-343.2
Komi-Zyrians 796 | 164.7 | 162.2-167.1 809 189.0 | 187.0-190.7 | 154.1 152.0-156.5 | 343.1 | 340.6-346.6
Chuvash 270 | 165.1 | 164.5-166.0 | 275 188.7 | 188.0-189.5 | 153.0 | 152.6-153.8 | 341.7 | 340.6-342.3
Tatars 489 | 1652 | 164.6-1664 | 500 1914 | 189.0-193.3 | 153.2 | 150.4-154.6 | 344.6 | 343.1-347.3
Karelians 329 | 165.7 | 164.3-166.5 334 188.6 | 187.2-190.2 | 153.0 | 152.4-153.4 | 341.6 | 340.1-342.9
Russians 603 166.0 | 164.4-167.7 | 612 189.2 | 186.2-191.1 152.6 | 151.6-153.5 | 341.8 | 338.2-344.6
Izhorians 156 | 166.3 | 164.8-167.2 163 186.3 | 185.5-186.8 | 154.1 153.3-154.5 | 3404 | 338.8-341.3
Moksha 1195 | 166.3 | 164.5-168.7 | 1259 | 191.8 | 190.1-193.2 | 150.8 | 149.0-152.4 | 342.6 | 340.6-345.2
Erza 1458 | 167.7 | 165.6-170.5 | 1505 | 191.6 | 189.3-193.4 | 1522 | 150.6-154.1 | 343.8 | 341.2-346.5
Hungarians 198 | 168.7 | 168.6-168.8 199 186.6 | 186.6-187.2 | 159.8 | 158.5-161.2 | 346.4 | 344.5-3484
NE Finns 367 | 169.3 | 168.5-169.6 | 371 1904 | 188.4-192.0 | 1579 | 155.9-160.0 | 348.3 | 347.2-348.9
Finns 1089 | 1729 | 171.3-176.6 | 1104 | 193.4 | 190.7-195.8 | 1549 | 152.2-156.6 | 348.3 | 345.4-3524
Estonians 1280 | 173.2 | 169.8-175.7 | 1282 | 194.0 | 191.9-197.5 | 156.9 | 155.8-158.4 | 350.9 | 348.0-355.7
Finnish Swedes 408 | 174.7 | 172.7-1769 | 410 1959 | 194.8-197.8 | 154.6 | 154.2-154.9 | 350.5 | 349.4-352.0




Table 1. Continuation

Forehead breadth Blzg i(;r:;thlc Bigonial breadth Morphcﬁgiggl ﬁiﬂ facial P};Z;:fﬁggﬁctal

Khants 108.7 - 141.7 - 110.1 - 125.7 - 186.1 -

Mansi 109.4 | 107.9-110.3 | 143.3 | 142.2-1439 | 112.2 | 111.0-112.9 | 125.5 | 125.1-126.5 | 186.9 | 185.7-189.1
Sami 108.7 | 106.2-110.0 | 141.5 | 139.8-142.8 | 109.2 | 107.0-111.0 | 118.8 | 118.0-120.8 | 180.4 | 178.3-182.3
Bessermen 105.5 | 104.4-106.3 | 139.9 | 139.5-140.2 | 110.8 | 109.2-111.4 | 126.9 | 126.4-127.3 | 188.1 | 187.2-188.6
Mari 105.8 | 104.1-107.3 | 139.5 | 137.9-141.4 | 109.5 | 107.2-110.8 | 126.2 | 124.2-127.4 | 187.1 | 184.3-190.0
Udmurts 105.7 | 104.4-107.0 | 140.2 | 138.9-141.8 | 109.4 | 107.9-110.0 | 125.9 | 123.9-128.1 | 185.4 | 183.0-187.6
Komi-Permiaks | 106.8 | 106.6-107.2 | 139.8 | 139.2-140.7 | 109.6 | 109.1-110.3 | 125.6 | 124.6-126.3 | 186.6 | 185.3-187.9
Bashkirs 107.2'| 106.5-108.6 | 141.5 | 140.7-143.7 | 109.5 | 108.4-111.4 | 128.8 | 127.5-130.1 | 187.2 | 186.1-189.7
Vepsians 108.7 | 108.6-108.8 | 141.2 | 141.1-141.4 | 109.8 | 109.6-110.0 | 125.0 | 124.2-126.4 | 187.1 | 186.8-187.8
Komi-Zyrians | 108.6 | 105.5-110.0 | 141.3 | 139.4-143.5| 110.2 | 107.3-112.2 | 126.3 | 125.3-128.5 | 187.8 | 185.8-189.8
Chuvash 107.1 | 106.5-107.6 | 140.6 | 140.4-140.7 | 110.6 | 110.0-111.1 | 128.5 | 127.3-129.1 | 190.2 | 189.4-191.3
Tatars 106.9 | 105.2-107.8 | 141.3 | 140.8-142.1 | 109.7 | 108.0-110.3 | 126.9 | 124.5-128.3 | 185.5 | 183.6-188.5
Karelians 108.7 | 107.3-109.5 | 140.3 | 139.7-140.9 | 109.8 | 107.8-111.1 | 125.0 | 122.8-126.0 | 186.6 | 185.2-189.5
Russians 106.7 | 105.3-108.5 { 139.3 | 138.6-141.0 | 108.3 | 107.2-109.4 | 125.8 | 124.4-127.2 | 184.8 | 183.8-186.3
Izhorians 107.3 | 107.1-107.5 | 141.2 | 140.5-141.6 | 110.3 | 109.3-110.9 | 127.7 | 127.5-127.8 | 189.0 | 188.5-189.4
Moksha 105.3 | 104.3-106.8 | 139.1 | 138.2-140.1 | 108.3 | 107.1-110.3 | 125.8 | 124.6-127.6 | 183.8 | 182.0-187.2
Erza 107.2| 105.5-109.4 | 139.8 | 138.0-141.2 | 109.2 | 106.2-111.4 | 126.5 | 123.4-128.5 | 184.8 | 182.2-186.6
Hungarians 111.9|111.7-112.1 | 143.7 | 142.8-144.7 | 111.1 | 110.7-111.6 | 125.6 | 125.4-125.9 | 187.2 | 186.6-187.8
NE Finns 112.4 | 112.0-112.7 | 143.0 | 141.8-144.1 | 111.8 | 110.0-112.0 | 121.9 | 121.0-122.9 | 187.2 | 185.7-188.6
Finns 110.2 | 109.1-111.3 | 141.1 | 138.3-142.8 | 109.3 | 107.7-111.1 | 127.6 | 125.4-130.8 | 191.5 | 188.0-195.0
Estonians 111.1|107.6-112.6 | 143.3 | 142.2-144.4 | 110.8 | 109.4-112.1 | 127.4 | 125.4-129.4 } 190.4 | 186.9-192.8
Finnish Swedes | 110.8 | 109.5-111.3 | 141.6 | 141.2-142.2 | 109.9 | 109.2-110.0 | 129.4 | 128.5-130.6 | 192.6 | 191.4-193.7
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One should take into account that to a certain extent head length
depends on stature. To express this dependence more precisely,
correlation coefficient (r) was calculated between both features using
the arithmetic averages of Finno-Ugrians’ groups. The correlation
coefficient proved rather high (r=0.74), the value of the regression
coefficient (Ry/x) was 0.47. In most peoples studied, head length
proved to be concordant with stature. Thus, Finns and Estonians, who
have tall stature, also have great head length, although it is medium
for their stature. Tall Finnish Swedes, however, have great head length
even for their stature. Great head length for their stature is also
characteristic of Moksha, Tatars, Bashkirs and Mansi. Even greater,
on the borderline between large and very large, is the head length of
Khants, who are the shortest among all the peoples studied. Among
the peoples of short stature, the head length of Komi-Permyaks is
below average. Small head length for their stature is also typical of
Izhorians and very small of Hungarians.

The average head breadth ranges in the studied ethnic groups
from 150.8 mm to 159.8 mm. The narrowest heads belong to Moksha
(150.8 mm) and Udmurts (151.1 mm). Head breadth somewhat below
the average is also characteristic of Bessermen (151.6 mm). Most of
the peoples studied have heads of medium breadth. Head breadth
above the average (154-155 mm) is typical of Komi-Zyrians,
Izhorians, Finnish Swedes and Finns. Broad head is typical of Sami
(156.0 mm), even broader — of Estonians (156.9 mm) and northeastern
Finns (157.9 mm). Transcarpathian Hungarians with their particularly
great head breadth (159.8 mm) stand apart from all the other peoples
studied.

Head breadth is not as dependent on stature as head length (r=0.55;
Ry/x=0.31). Among the narrow-headed peoples, Moksha have rather
narrow heads for their stature, which is medium. The other narrow-
headed peoples — Udmurts, Bessermen and Komi-Permyaks — are of
short stature, and their head breadth can be regarded as medium for
their stature. Khants also have comparatively narrow heads, but as
their stature is still shorter, their heads are even broad for their stature.

Most peoples studied have medium head breadth, which is also
medium for their stature. Only Erza, who are of medium stature, have
relatively small head breadth for their stature, and short-statured
Mansi have large head breadth.

Among the broad-headed peoples, the heads of tall-statured Finns
are of medium breadth for their stature; Finnish Swedes have
narrowish heads and Estonians really broad ones. The heads of Sami,
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northeastern Finns and, in particular, Hungarians should be regarded
very broad for their stature.

The head module or the sum of head length and head breadth
characterises the size of the head. In studied ethnic groups this
characteristic varies from 338.4 mm to 350.9 mm. The smallest
average head module (338.4 mm) among the studied ethnic groups is
characteristic of Udmurts and Komi-Permyaks. It is also small in Mari
and Bessermen, and, among the Baltic-Finnic peoples, in Izhorians.
The head module of most peoples studied belongs to the medium
category. Great head module is typical of Hungarians and Finns, very
great — of Finnish Swedes and Estonians.

Dependence of the head module on stature is rather great (r=0.80;
Ry/x=0.78).

Most of the peoples studied are characterised by medium head
module for their stature.

Small head module for their stature is characteristic only of
Izhorians, below the average — of Udmurts. Among the peoples with
medium head modules, Khants, Mansi and Sami have great head
modules for their stature; the head modules of Bashkirs and Tatars are
also rather great.

Among the peoples whose head module is large or very large for
their stature, only Estonians and northeastern Finns have head
modules above the average.

The average forehead breadth varies in the studied ethnic groups
from 105.3 mm to 112.4 mm. Like other head dimensions, forehead
breadth depends on stature (r=0.61, Ry/x=0.34). Thus, if stature
increases by 1 cm, forehead breadth increases by 0.34 mm. Narrow
forehead for their stature was characteristic only of Moksha; broad,
however, of Komi-Zyrians, Vepsians, Sami, Mansi and Hungarians,
very broad — of Khants.

Bizygomatic breadth varies in the studied ethnic groups from
139.1 mm to 143.7 mm. Bizygomatic breadth below 138.1 mm should
be considered very small, 138.2-138.8 small, 138.9-141.6 medium,
141.7-143.2 large and above 143.3 very large.

Dependence of bizygomatic breadth on stature is not particularly
great (r=0.30, Ry/x=0.12). Nonetheless, this dependence influences
the assessment who should be considered broad- or narrow-faced.
Among the narrow-faced peoples, Moksha, Erza and Russians have
really narrow faces, but the bizygomatic breadth of Mari, Komi-
Permyaks and Bessermen is medium for their stature. Broad face for
their stature is typical of Bashkirs, Sami and Khants, also of



60 Dependence of Finno-Ugric peoples’ head and face measurements ...

northeastern Finns and Estonians. Mansi and Hungarians have very
broad faces for their stature.

Bigonial breadth varies in summarised ethnic groups from 108.3
mm to 112.2 mm. It is classified as follows: below 107.5 mm very
small, 107.6—108.8 mm small, 108.9-110.3 mm medium, 110.4-111.6
mm large and above that very large.

Bigonial breadth depends even less on stature than bizygomatic
breadth (r=0.24, Ry/x=0.08). Bigonial breadth of Russians and Finns
is small for their stature, that of Komi-Zyrians, Chuvash, Bessermen,
Hungarians, Khants and northeastern Finns — large, and of Mansi —
very large. Estonians and Izhorians are on the borderline between
large and medium.

Morphological facial height varies in summarised ethnic groups
from 118.8 mm to 129.4 mm. Its classes are the following: below
123.0 mm very small, 123.0-125.0 mm small, 125.0-127.0 mm
medium, 127.0-129.0 mm large and above 129.0 mm very large.

Morphological facial height is more dependent on stature than face
breadth measurements (r=0.44, Ry/x=0.20). Sami and northeastern
Finns with their very low faces also have very low faces for their
stature. Among the peoples with medium facial height, morphological
facial height is still relatively large for their stature in Mari and Tatars,
and even larger in Khants and Bessermen.

Among the high-faced peoples, Estonians’ and Finns’ facial height
is medium for their height, and in Finnish Swedes it is even high for
their stature. The highest face in this respect is typical of Chuvash and
Bashkirs.

Physiognomical facial height varies in summarised ethnic groups
from 180.4 mm to 192.6 mm. It is classified as follows: below 182.0
mm very small, 182.0-185.1 mm small, 185.1-188.2 mm medium,
188.2-191.3 mm large and above that — very large.

In general, the regional distribution of physiognomical facial
height is similar to that of morphological facial height. Differences
between both facial heights depend on forehead height.

Physiognomical facial height depends relatively greatly on stature
(r=0.60, Ry/x=0.42). In relation to stature, physiognomical facial
height is small in Sami, Moksha, Erza and Russians; medium in
Udmurts, Tatars, Karelians and Hungarians; medium but tending
towards large in Komi-Permyaks and Vepsians. In relation to stature,
facial height is large in Khants, Mansi, Mari, Bessermen, Bashkirs,
Komi-Zyrians, Izhorians, Finns, Finnish Swedes and, particularly, in
Chuvash.
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Thus, the dependence of the head measurements on stature
appeared to be rather great. The correlation coefficient is the highest
between the head module and stature (r=0.80), followed by head
length (r=0.74) and head breadth (r=0.55). It is also high between
forehead breadth and stature (r=0.61). Among the face measurements,
the dependence of the physiognomic facial height on stature is the
greatest (r=0.60), followed by the morphological facial height on
stature (r=0.44). The face breadth measurements are less dependent on
stature: bizygomathic breadth (r=0.30) and bigonial breadth (r=0.24).

These data show the great variability of morphological data of
Finno-Ugric peoples, regardless of their linguistic kinship.

The study was partly supported by Contract 53/195 of the Council of
Kindred Peoples’ Programme.
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RARE CALCANEUS ANOMALIES

A. Hegyi, E. Molnar, A. Marcsik
Department of Anthropology, University of Szeged, Hungary

ABSTRACT

The Sever’s disease, or apophysitis of the calcaneus, is a common
anomaly in children between 10 and 14 years of age. Calcaneal
apophysis is the secondary ossification centre that serves as the site
of insertion for the Achilles tendon and the origin of the plantar
aponeurosis (fascia). Excessive use of these structures in young
adolescents may also result in calcaneal apophysitis. There are no
known long term complications associated with the Sever’s
disease, because this condition is thought to be self limiting — it
will disappear when the two parts of the bony growth join together.

Although it is a relatively common problem in growing child-
ren nowadays, there are no descriptions of this anomaly in the
palaeopathological literature. In this study we present four
examples of the supposed Sever’s disease in skeletal materials
coming from Avar period (7-5th c¢. AD) of Hungary.

Key words: paleopathology, the Sever’s disease, calcaneal apo-
physis, long term complications

INTRODUCTION

When the heel starts to develop bone, there is generally one large area
of development that starts in the center of the cartilage heel. This area
of bone spreads to ‘fill up’ the cartilage. Another area of ossification
occurs at the back of the heel bone. These two areas of the developing
bone will have an area of cartilage between them — this is how the
bone grows in size. At around the age of 16, when growth is nearly
complete, these two bony areas fuse together. The Sever’s disease or
calcaneal apophysitis is usually considered to be due to damage or a
disturbance in this area of growth. Since the first report on The
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Sever’s disease (1912) [16], several authors have described this defect
in the clinical and radiological literature in children and in
adolescents, too [4, 6, 11, 14, 17]. The disease was reported as an
inflammation of the calcaneal apophysis resulting in the clinical
symptoms of pain at the posterior heel, mild swelling, and difficulty
with walking. The direct pressure, side to side on the medial and
lateral walls of the heel, is most symptomatic. This anomaly occurs in
the heel, and the insertion of the Achilles tendon. The calcaneal
apophysitis is a condition that affects children between the ages of 10
and 14 years, because this is the phase of life, when growth of bone is
taking place at a faster rate than the tendons’. Incidence is higher in
boys than girls. Micheli and Ireland reported on 85 patients, 64% of
whom were male [12].

In the Sever’s disease one or both heels may be affected. Bilateral
forms of this aseptic necrosis in an adult were described by Jorgensen
and Petersen 1960 [8]; Allen and Andrews 1983 [1].

The cause of the Sever’s disease is not entirely clear. It is most
likely due to overuse or repeated minor trauma that happens in a lot of
sporting activities.

There are no known long term complications associated with the
Sever’s disease, because this condition is thought to be self limiting —
it will disappear when the two parts of bony growth join together [13].

Sometimes this disease occurs with other anomalies such as Tae
Kwon Do injuries [18] or brucellosis [15].

No paleopathological reports of this condition have appeared [2].

MATERIALS AND METHODS

Three cemeteries (765 specimens) dated to 7-9th c. AD (Avar Period)
were studied from the common anthropological and paleopathological
points of views in the skeletal collection of the Department of
Anthropology, University of Szeged, Hungary. The investigation has
been carried out using the gross morphology and radiographical
analysis. The paleopathological analysis revealed four cases with
similar calcaneal abnormalities. In this study these anomalies are
presented.
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RESULTS

Case reports

Site: Szarvas — Grexa téglagyar (Grave No. 224)

Age at death: adult

Sex: male

Pathological description:
In the first case the right calcaneus of a poorly preserved adult
male revealed severe pathological alterations: the calcaneal
tuberosity was shorter by about 1.5 cm and larger by 2-3 mm
compared to the opposite side. The calcaneal sulcus was also wider
(Figure.1). A deep insertion of the calcaneal tuberosity at the site

Figure 1. Shortening and widening of the right calcaneus — proximal
aspect (Grave No. 224, Adultus, male)
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of the Achilles tendon could be observed (Figure. 2). Other anomalies
of this area could also be seen: although the posterior talar articular
surface had been damaged post-mortem, a transformated, knobby and
abnormal area was detectable on this surface. The deformation of the
Joint contour of the middle talar articular surface and marginal
osteophytosis were seen. The lateral process of talus was scalloped.
The radiographical analysis of these bones did not show any
abnormalities. On the distal epiphysis of tibia, fibula or tarso-
metatarsal area no pathological changes were found.

Figure 2. Deep insertion of the calcaneal tuberosity — posterior aspect
(Grave No. 224, Adultus, male)
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Site: Szarvas — Grexa téglagyar (Grave No. 342)

Age at death: adult

Sex: female

Pathological description:
The second case is very similar to the above described pathological
bone. The left calcaneus of a fairly well preserved adult female
was affected by the anomalies. The calcaneal tuberosity was also
shorter by about 1.5 ¢cm and larger by 2-3 mm compared to the
opposite side (Figure. 3) and we also found the deep insertion of
the calcaneal tuberosity at the site of the Achilles tendon (Figure.
4). On the basis of the x-ray analysis of the affected bone, no
anomalies were detectable. This individual did not show any other
pathological changes or morphological anomalies on calcaneus or
phalanges.

Figure 3. Shortening of the left calcaneus — proximal aspect (Grave No.
342, Adultus, female)
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Figure 4. Deep insertion of the calcaneal tuberosity — posterior aspect
(Grave No. 342, Adultus, female)

Site: Hajos-Cifrahegy (Grave No. 113)
Age at death: adult
Sex: female

Pathological description:
The tarsal bones of a well preserved adult female showed severe
pathological changes. On the right side the calcaneal tuberosity
was shorter by 1.5 cm and larger by 0.5 cm (Figure. 5). On the
lateral process of the calcaneal tuberosity, 2-cm-long groove could
be seen, approximately 0.3cm wide (Figure. 6). Similarly to the
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first case (Szarvas No. 224), the calcaneal sulcus was broadened.
Instead of the convex posterior talar articular surface, a concave
talar articular surface with an abnormal circular necrotic area was
found. The corresponding surface of talus was also abnormal in
shape with irregular bone. The distal joint surface of both medial
cuneiforms showed pea-size osteonecrosis. No other pathological
alterations on the distal epiphyses of the tibia or the fibula were
found. According to the radiographical analysis, the examined
bones were normal.

Figure 5. Shortening and widening of the right calcaneus — proximal
aspect (Grave No. 113, Adultus, female)
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Figure 6. Deep insertion of the calcaneal tuberosity — posterior aspect
(Grave No. 113, Adultus, female)

Site: Oroshdza-Bonum téglagydr (Grave No. unknown )

Age at death: adult

Sex: female

Pathological description:
Pathological alterations were present on the left calcaneus and
talus of a well preserved adult female. These anomalies were
similar to the cases described above. The left calcaneal tuberosity
was shorter by 1 cm and larger by 3 mm compared to the right side
(Figure. 7). The articular surfaces of the calcaneus were normal.
On the lateral process of calcaneal tuberosity pathological changes
were found: a 2-cm-long and 0.5-0.7-cm-wide ovoid depression
could be seen parallel with the edge of the bone (Figure. 8).
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Figure 7. Shortening and widening of the left calcaneus — proximal
aspect (Grave No. unknown, Adultus, female)

Figure 8. Ovoid depression on the calcaneal tuberosity — posterior aspect
(Grave No. unknown, Adultus, female)
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DISCUSSION

The Sever’s disease (calcaneal apophysitis) is an inflammation in the
area between the sections of the bone that make up the heel. This
problem occurs in young people, whose bones have not yet fused and
fully matured.

The cause of the Sever’s disease is not entirely clear. It is most
likely due to overuse or repeated minor trauma that happens in a lot of
sporting activities — the cartilage join between the two parts of the
bone can not take all the shear stress of the activities. Some children
seem to be just more prone to it for an unknown reason — combine this
with sport (especially if it is on a hard surface) the risk of getting the
disease increases.

Although it is a relatively common problem in growing children
nowadays, there are no descriptions of this anomaly in the
paleopathological literature.

The paleopathological investigation of 4 adult individuals (3
females and | male) revealed similar pathological alterations: unilate-
ral shortening and broadening of the calcaneus and a deep insertion on
the tuber calcanei at the site of the Achilles tendon’s attachment were
seen in all the cases. Some individual differences could be observed
between these cases but the overall morphological appearance of the
affected bones was very similar.

Concerning the differential diagnosis of the observed lesions, the
following diseases can be taken into account: clubfoot, Chopart
fracture, or other fractures of the calcaneal tuberosity.

Clubfoot (talipes equinovarus) is a complex childhood deformity
that is marked primarily by a deformed talus and calcaneus. The heel
is turned inward and the rest of the foot is bent downward and inward,
the arch of the foot is higher than normal. The trochlear surface of the
talus is smaller, the talar neck is underdeveloped, the talar head and
the medial and posterior tubercles are underdeveloped, and the fibula
is thinner than normal. The navicular and the cuboid bones are also
adducted and inverted. The navicular tuberosity is close to the medial
malleolus, and the metatarsals are also adducted [3, 10, 5].

The Chopart fracture involves the talus and the calcaneus
proximally, the navicular and the cuboid bones distally [9], and the
midtarsal area is much more affected than the tarsal bones.

Concerning the characteristic lesions of the above mentioned
diseases the clubfoot and the Chopart fracture can be excluded,
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because in the presented cases the metatarsal bones, phalanges and the
position of calcaneus or talus were normal.

Fractures of the calcaneal tuberosity are rare injuries [7]. However,
all the fractures seem to be different from the presented cases.

The most probable diagnosis of these anomalies is a severe
calcaneal apophysitis.

According to the medical literature data the incidence of the
Sever’s disease is higher in boys than in girls and there are no data
regarding the adult populations. In the paleopathological literature we
have not found any data referring to the occurrence of the disease.

In contrast with modern medical data in this study, the age at death
of the presented specimens were adults. This fact can be related to the
existence of the Sever’s anomaly in the adults, which could be
attributed to the severe degree of the disease developed in the
childhood.
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GLYCOSAMINOGLYCANS, HYALURONAN AND
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ABSTRACT

Introduction of a new model, elaborated previously [19], the
bicortical perforation model, the study of the cellular and extra-
cellular events during tissue repair by histologic, histochemical,
and immunohistochemical techniques and the study of the effects
of physical training and immobilization on the healing process
have been performed. An investigation of posttraumatic bone
repair histology and immunochemistry after bicortical perforation
in 72 young adult male Wistar rats has been performed. The repair
was studied in normal and affected (training, immobilization)
animals at 1-42 days after operation.

The posttraumatic bone repair is an ordinary process of
osteohisto- and organogenesis, and dependent on the environment
factors. Training did not influence significantly the cell prolifera-
tion of chodrocyte and their ECM synthesis (HA, collagen II-type
and X-type) and therefore did not accelerate their skeletal repairs,
whereas the immobilization of animals depressed these processes
and bone repair was inhibited. After perforation, contrary to
“classic” repair (primar desmal periosteal and secondary endosteal
chondrous)., the repair picture is inverted (a primary endosteal
desmal and secondary periosteal chondral and desmal repair have
been seen). This periosteal condral ossification is similar to the
endochondral ossification of the metaphyseal (growth) plate
(similar histology, similar HA distribution, similar collagen II-type
and collagen X-type express). The study of histology and the
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immunohistochemistry of bone repair after perforation gave impor-
tant new, more detailed results about the reparative histogenesis of
the bone tissues: the repair dynamics of the callus areas, the
dynamics of cell proliferation, compared with the extracellular
matrix (ECM) protein synthesis, the effects of training and
immobilization, similarities and peculiarities of post-traumatic
osteohistogenesis and embryohistogenesis on the metaphyseal
plate.

Key words: Posttraumatic wound healing of the perforated bone;
repair histology, histogenesis and immunohistochemistry, ossi-
fication; callus, periost, extraperiosteal tissue; growth plate

INTRODUCTION AND REVIEW OF LITERATURE

Traumatology and ortopaedics is based on the use of knowledge about
the repair morphology of the skeletal hard (osseus, chondrous) tissues.
The problems of post-traumatic bone repair morphology after trauma
are (opposite to other mesenchymal tissues): the formation of the
external and internal callus as a special material for repair process, and
two different bone formation pathways — desmal (intramembraneous)
and (endo)chondral ossification. Also, the post-traumatic periosteal
secondary cartilage formation in skeletal reparationis, is not clear and
its similarity to the primar cartilage of postnatal endochondral
osteohistogenesis, or fetal skeletal development — embryohistogenesis
[8].

Different experimental models were made (external and internal
bone fracture, scrap, incision-slit-cutting-fissura, the standard defect
of osteotomy etc.) for the qualitative and quantitative study of the
bone repair after surgical injuries [11]. A lot of methods for the
enhancement of fracture healing were used [6]. Physical activity
(swimming) may accelerate the repair process of the osteotomized
tibia in Wistar rats [13]. In such kind of experiments (Wistar rats, the
segment osteotomy of tibia) the recanalization of tibia has been seen
on the 35th days after injury. However, the total callus area, as well as
tissue relations (hard callus, soft callus), did not differ compared with
control [19]. Thus, the effects of training on fracture healing have not
been carefully described. After the immobilization of animals, the
post-traumatic bone repair has always been inhibited [7, 19, 24, 25,

33, 34].
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The aim of the present work is to introduce a new highly repro-
ducible exact model, the bicortical perforation model, to study the
cellular and extracellular events by histologic, histochemical, and
immunohistochemical techniques during tissue repair and to study the
effects of physical training and immobilization on the healing process.
The similarity and the pecualirities of post-traumatic secondary
cartilage compared with the primary cartilage in postnatal bone
endochondral histogenesis will be described.

MATERIAL AND METHODS

Experimental animals and the fracture model

Male Wistar rats, weighing approximately 200-220 g each, were used
in this study. The animals were investigated for the 1st to 42nd days
(Table 1).

Table 1. Distribution of animals for experiments in control (I), training
(II) and immobilization groups (III).

Days after perforation I 11 111
1 1 - —
4 4 1 2
7 5 1 2
10 7 1 1
14 13 2 1
21 5 4 4
28 5 3 3
35 3 2 1
42 1 - —

44 14 14

The guidelines for the care and the use of the animals were approved
by the Ethical Committee of the University of Tartu.

The training was performed in a special swimming-pool with the
size of 40 cm x 40 cm x 70 cm at the water temperature 22+2°C. In
the immobilized subcroups rats were separated into narrow boxes
(cages), one animal in each box; so their ability to move was
significantly reduced. In experiments both the right and the left limb
were employed. The bilateral limb has been used as described by other
authors (3, 21, 31, 36).
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Anaesthesia was induced with the intramuscular injection of
ketamine 50 mg/kg b.w. and diazepam 5 mg/kg. The profylaxis of
infection was carried out with ampicillin of 7.5 mg/kg i.m. It was
started 2 hours before the operation and continued during 3 days. The
operations were performed under strictly aseptic conditions.

Operative technique. On the anterior surface of tibia, a perforation
hole with the diameter of 1.5 mm was bored through the bone cortex
between the diaphysis and proximal epiphysis, 1 mm below to the
tibial tubercle. The medial and the lateral cortex were intact. Such
kind of experiments permit: 1)to standardize the amount and locali-
zation of the injury and 2)to give a possibility to separate the
periosteal and the endosteal zones of callus and their compartments,
especially the areas of angiogenesis. The isolation of periost from the
endosteal tissues was performed previously by covering the perfo-
ration opening with medical wax at the temperature of 37-40°C (19).

Postoperative management. The rats were maintained for the
postoperative period in a special box, 3 animals in each (except the
immobilization group of rats). Special rat food (“Dimela” — Finland
R-70 or R-34 during early postoperative period) and water in
abundance were given.

Tissue preparation

The sacrification of rats was performed by the decapitation of animals
anaesthesized with the ketamine and diazepam. The average size of
the material collected for histological evaluation was 0.5-1.0 cm. The
perforated tibia were dissected and fixed with 10% formalin at 4°C for
24 h, and then decalcified with 20% aqueous solution of EDTA (4).

Histology and computerized histomorphometry

Paraffin embedded slices with a thickness of 7 um were stained with
hematoxylin and eosin, Heidenhain iron hematoxylin, by van Gieson,
alcian blue and safranin-O (specific for glycosaminoglycans — GAG,
23). Inflammatory cells (mostly degenerative cells), mast cells (tissue
basophils), lymphocytes and plasma cells were observed in slices
stained with azure-2-eosin. The mitotic division of chondroblasts and
their apoptosis were observed by magnification: objective 40x ocular
10x. The standard ocular network with the area of 40.000 pm was
used. The percentage of chondrocytes in mitotic division and in
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apoptosis was counted. This methology is based on the cell image
analyses (mitosis, apoptosis — programmed cell death) of haemato-
xylin-eosin stained slices, which permits the calculation of the mitosis
index (MI), i.e. the percentage of cells in the mitosis from the average
number of cells, as well as the calculation of the apoptosis index (Al).
Both these processes are in normal conditions correlated: the greater
proliferation of cells correlated with a greater rate of cell death [1].
The quantitation of apoptotic index by common light microscopy as a
routine method is available to provide preliminary information of
apoptotic cell death [29, 30, 35]. Mayer’s hematoxylin-eosin staining
shows apoptotic cells with a condensed pycnotic nucleus and
shrunken cytoplasm [9].

The microanatomical pictures of callus tissues were photographed
by the light-microscope Olympus BX-50 and saved electronically.
Further, the process was performed with the computer program Adobe
Photoshop 5.0 under simultaneous visual control of light-microscopy.
The total area of callus, as well as the areas of hard (osseus and
chondrous tissues), and soft callus (connective tissue, degenerative
inflammatory tissues) were measured. The painted areas of different
colours were summarized in pixels and calculated in percentage [19].

Histochemistry and immunohistochemistry

Hyaluronan staining. The endogenous peroxidase activity of the
sections was blocked with 3% H202. After 3x10 min washes with
0.1 M phosphate buffer, pH 7.4, non-specific binding was blocked by
incubating the sections in 1% bovine serum albumin (Sigma, St Louis,
MO, USA) in phosphate buffer at 37°C for 30 min. Incubation with
the biotinylated hyaluronan binding complex probe ( bHABC 3-5
pg/ml in phosphate buffer containing 1% bovine serum albumin) was
performed overnight at 4°C (32). The slides were washed with
phosphate buffer. The avidin-biotin-peroxidase complex (Vector
Laboratories, Burlingame, CA, USA) was added on the sections for
1 h. The slides were washed and incubated in 0.05% 3.3’-diamino-
benzidine dihydro-chloride (Sigma) and 0.03% H2O2 in phosphate
buffer for 2-3 min before mounting.

Immunohistochemical type II and type X collagen stainings.
Endogenous peroxidase activity in the sections was blocked with 3%
H202. The sections were pretreated with testicular hyaluronidase
(2 mg/ml in PBS, pH 5, for 1 h at 37°C) and pronase (1 mg/ml in PBS,
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pH 7.3, for 30 min at 37°C) and stained with the Histo-Stain-Plus kit
(Zymed, San Francisco, CA, USA) according to the manufacturer’s
instructions. Antibodies recognizing collagen type II and type X [10]
were used. The antibodies were kind gifts to Dr. Mikko Lammi from
Prof. Klaus von der Mark (Erlangen, Germany). Biotinylated
secondary antibody and streptavidin-conjugated peroxidase were used
for detection using 3.3’-diaminobenzidine dihydrochloride as chromo-
gen. Nuclei were counterstained with haematoxylin. As negative
control the primary antibody was replaced with PBS or non-immune
hybridoma cell culture medium.

Statistical analysis

Statistical analysis was performed using one sample t test and the
unpaired t-test (GraphPad Quick Calcs: Analyze continuous data) at
the level of significance p less than 0.05 (p<0.05) with the Newman-
Keuls multiple comparison test.

RESULTS

Morphological characteristics of the post-traumatic repair of the
perforated tibia

The post-traumatic bone repair and the continous remodelling of
callus is an ordinary process of tissues (acute inflammation, develop-
ment of fibrous, chondrofibrous, chondrous and osseous callus,
remodelling). Endosteal ossification follows directly without the
chondrous stage, but the periosteal — through the chondrous callus
(Fig. 1A, B; 2A-D).
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Figure 1. Histological findings in the perforation callus of rat tibia.
Desmal (intramembranous) bone formation in endosteal callus (A) and
chondral bone formation in the periosteal callus (B) on the 21st day after
perforation.

A: Newly formed bone tissue (BT) islets surrounded by the osteoblastic
(OB) layer. MT- mesenchymal tissue. OCL-osteoclasts. OC-osteocytes. B:
Actively proliferating chondrous tissue (CT) with mitoses (M) replaced by
forming bone tissue (BT) osteoid. Certain lacunes containing the
capillary sprouts with precursor cells. Cartilage zones have been noticed
(ZCH-zone of chondrocyte hypertrophy; ZCDR-zone of cartilage degene-
ration and removal). Arrows indicate OC, OB and OCL localization.
Hematoxylin and eosin. Bar= 50um
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Figure 2. The post-traumatic bone repair in rat tibia 14th (A), 21st (B),
28th (C) and 35th (D) days after bicortical perforation of the cortex of
tibia; 14th (E) and 28th (F,G,H) days after the perforation of tibia and the
immobilization of animals, i.e. the left-side panels (A-D) show the
perforation calluses of the control group and the right-side panels (E-H)
those of the immobilized animals.

Callus development dynamics: on the 14th day one half of the endosteal
callus and one quarter of the periosteal callus are bony (A), on the 21"~
28th almost all of the callus is bony (B,C). Endosteal bone callus
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appears in the periphery of the wound (B). The zones of callus are
1-extraperiosteal, 2-periosteal; 3-interfragmental cortical and 4-
endosteal with bone marrow. The recanalization of the callus on the 35th
day has occured (D). After the immobilization of the animals the bone
callus formation is inhibited ( E-H).On the 28th day endosteal bone callus
is weak (H) and the periosteal bone callus is mixed with the chondrous
tissue (G) as a “ mosaic” callus.1,2,3,4- zones of callus (Figure 1). C-
cortex, cortical bone; BM-bone marrow; EC-endosteal callus; FP-
fibrous periost; EBC- endosteal bone callus; SCP-soft (cellular) periost.
Fine arrows: (A)-bone trabecles, (D)-direction to the marrow cavity.
Thick arrows- perforation hole.

Hematoxylin-eosin (A), HA (B-G), safranin-O (H). Bar in A-E and H=
500pum.

Repair callus is localized in four well-known placements:
1) external soft tissue;

2) periost;

3) interfragmental cortex;

4) endost and bone marrow (Fig. 2C, D).

The perforation of the bone causes hemorrhage and tissue destruction
as well as reparative changes on the 1st-7th day (proliferating
fibroblasts and chondroblasts, the appearance of capillary network, the
degranulation of tissue basophils, the appearance of macrophages and
osteoclasts, lymphocytes).

One half of the endosteal callus and a quarter of the periosteal
callus on the 14th day after perforation is bony ( Figure 2A). The
endosteal callus is mostly bony on the 21st-28th days after perforation
(Figure 2 B, C). The recanalization of the bone cavity occured on the
35th-42nd days after injury (Figure 2 D). Thus posttraumatic
osteohistogenese is mainly finished by the 21st day, but organo-
morphogenese (bone formation) and remodelling continue up to the
28th—42nd days.

Similar repair histology has occured after the perforation of the
trained rats (Data not shown). After the perforation and immobili-
zation of animals the post-traumatic repair process is inhibited. Both
periosteal and endosteal ossification is weak on the 14th days (Figure
2E) mixed with chondrogenesis until 28th—35th days ( Figure 2 F, G,
H).



P. Hussar, T. Haviko, U. Hussar 83

Quantification of the callus areas of the perforated tibia in repair
dynamics

The total callus area (Table 2) is 20,1+ 1,1; at the same time the hard
callus area (15.8+ 0.8) is significantly higher compared to soft callus
area (4.3% 0.5) (p< 0.05). Similar values have been seen in the trained
group. In the immobilized group, on the contrary, the soft callus area
(14.6+1.7) is significantly higher compared to the hard callus area
(6.6 +0.7) (p < 0.05). The total callus area did not differ from the
control and the trained animal groups.

Table 2. The areas of callus tissues 28 days after the perforation in the
control (I), the training (II) and the immobilization group (III) (percentage
of the callus area + SD). Computer field in use: 17.6%; 120, 000 pixels
(100%).

Group Total callus Hard callus + Soft callus +
I 20.1x 1.1 158+0.8 * 43+05*
II 257+£3.2 19.5+2.1* 62+09*
111 212428 6.6+0.7* 146+1.7*

+ the hard callus is bone and cartilage, the soft callus is the inflammatory area
with the adjacent cells and mixed connective tissue
* differences between the values of this group are significant ( p < 0.05)

The hard callus formation is more intensive in the endosteal callus
compared to the periosteal callus (Table 3). 14 days after perforation
the osseous callus is 71.3% 12.1 and 24.7+ 4.3, on the 28th day 85.7 +
6.6 and 57.9 + 8.7 respectively.

Table 3. Areas of endosteal(I) and periosteal callus tissues(II) 4-28 days

after the perforation (percentage of the total callus area + SD).

I
Days Osseus Chondrous | Fibrous connec- | Soft tissue
tissue tissue tive tissue

4 0 0 58.5+6.9 41.5£6.9 *
7 6.9 0 443 48.8
14 71.3+12.1 * 0 274+9.8* 1.3£23
21 90.1£2.2* 0 9.9+2.2 0
28 85.7 £6.6 0 142+ 6.6 * 0.1+ 0.1
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II
Days Osseus Chondrous | Fibrous connec- | Soft tissue
tissue tissue tive tissue

4 0 0 62.4x11.5 37.6x12.2
7 15.2 16.7 32.5 35.6
14 247+473 20.4+3.6 46.0+13.3 8.9+2.2
21 48.4+92* | 15.842.3 31.5+8.5 4.3+1.3
28 579+8.7* | 53£1.2* 34.3+6.8 2.5+0.9

* differences between the values of this group are significant ( p < 0.05)

Localization and quantification of mitotic and apoptotic cells of
the periosteal chondrous callus of the perforated tibia

The mitotic and apoptotic chondrocytes are localized mostly in the
proliferation zone of the periosteal chondrous callus (Table 4, Fig. 3
C-G).

Table 4. The mitotic index ( MI) and apoptotic index ( AI) of chondrous
callus cells in the zone of proliferation 7th, 14th and 28th days after
perforation of rats tibia.

Days MI (%) Al (%)
7 57 14
14 32 8
28 15 2

In the trained rats the similar localization and the quantity of mitoses
and apoptotic cells has occured, whereas in immobilized animals the
quantity of mitoses fell, the quantity of apoptotic cells decreased and
there was a significant difference in the scores between these groups
(Data not shown).

Contribution of HA and GAG in the wound healing of perforated
tibia

HA stain is the most intensive in the bone marrow (progenitor cells)
and the extraperiosteal mesenchymal tissue (Figure 2 C, F, G; 3 A, B).
Periosteal fibrous callus and cartilage are clearly marked (Figure 2 C;
3A, B, F, H). HA-positive are: nucleus, cytoplasm, ECM; non-stained
is capsula of chondrocytes ( Figure 3D, F-H).
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Figure 3. The post-traumatic bone repair in rat tibia 10th (A), 14th(B),
21st(C-G) and 28th days(H) after perforation. The left-side panels (A-D)
show the perforation callus of the control group and the right-side panels
(E-H) those of the immobilized animals.

The periosteal chondrous callus( PCC) and fibrous callus (PFC) on the
10th day after perforation (A). The fibrous callus penetrated the
superficial layers of the cortex (C). The periosteal bone callus (PBC), the
chondrous and the fibrous callus on thel4th day after perforation(B).The
zonal differentation of the periosteal chondrous callus 21 days after
perforation (C,D). The chondrocyte mitotic division is intensive and
numerous apoptotic cells are noted in the zone of chondrocyte
proliferation (ZCP) (C). The zone of chondrocyte hypertrophy (ZCH) and
chondrocyte degeneration and removal (ZCDR) are lacking of mitoses
and apoptotic cells (D). In ZCH and ZCDR a lot of bi- and multinucleated
chondrocytes have been seen (D). HA staining is strong in chondrocyte
and ECM but lacks in chondrocytes capsula (D,F,G). In immobilized rats
the zonal differentation is not clear (E-G) and in some cases has
disappeared with the formation of bone-chondrous mixed callus or
“mosaic”(H). Mitotic activity is inhibited and the number of apoptotic
cells is decreased (E-G). Arrows: A- fibrous callus, penetrated to cortex
and C- apoptotic cells. Dark triangle: binucleated chondrocyte (D).
Hematoxylin-eosin (C,E), HA-(A,B,D,F-H). Bars in A,B= 500pm; in
D,F-H=200pm; in C,E=50pum.

Strong hyaluronan staining is present in the periosteal callus around
chondrocytes near the fracture (Figure 2 G) and often forming a
“mosaic” with the bone callus (Figure 3H) whereas no hyaluronan
staining is seen in the endosteal callus . The hyaluronan staining is the
most intensive in the subperiosteal zone adjacent primary cortex
(Figure 3A). In the trained rat tibia the hyaluronan staining is similar
to the control group (left panel) whereas in the immobilized group
(right panel) hyaluronan staining is decreased (Figure 3 E-H).

In this group the number of binucleated chondrocytes of degene-
ration zone is decreased (Figure 3G) compared to control (Figure 3D).
Zonal distribution of HA in chondrous callus (Figure 3 D, F, G) is similar
as compared to the regional proximal metaphyseal plate.

Glycosaminoglycans (GAG) were concentrated mainly in the bone
tissue of callus. After the training on the 28th day and immobilization
on the 35th day the GAG concentration was increased in the region of
the cortex/ adjacent to callus (but not in the callus), and after
immobilization decreased in both the periosteal and the endosteal
callus (Data not shown).
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Type II and X coilagens in rat bone repair after the perforation of
the tibia

Collagen II-type is clearly detected 7th—14th days after injury in the
chondrocytes of the periosteal callus .The internal callus is not marked
with collagen II-or minor collagen type-X (Figure 4 E, G). The
capsula of chondrocytes is strongly marked (Figure 4 A, F).

The zonal distribution of collagen (the zone of cartilage matu-
ration and proliferation, the zone of chondrocyte hypertrophy, the
zone of cartilage destruction and removal; Figure 4A, C) is similar
compared to the regional (proximal) metaphyseal plate (Figure 5 C, D,
F-H).

In trained rat immunostaining for collagen type-II and X is
similar compared with the control group. In the immobilized animals
the collagen staining is significantly weaker compared with the
controls (Fig. 4A-H).

Proximal metaphyseal plate histology, histochemistry and
immunohistochemistry in rat bone repair after the perforation of
the proximal tibia

The external (periosteal) chondro- and osteogenesis is similar to
the endochondral ossification of the metaphyseal plate (Figure 5 A-H).
HA stain of the hypertrophic chondrocytes (Figure 5A,B) and collagen
type-II (Figure 5 C, D) were intensive. HA did not stain in the capsule
of chondrocytes (Figure 5 B), whereas collagen type-II was stained in
this capsule intensively (Figure 5D).

In the immobilized rats the hypertrophic cell zone is narrow and
HA occurs weakly ( Figure SE) as well as collagen type-II (Figure 5
F-H) compared to control.
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Figure 4. The post-traumatic bone in rat tibia 10th (A,E-G) and 28 days
(B-D, H) after perforation. The left-side panels (A-D) show the
perforation calluses ofi the control group and the right-side panels (E-H)
those of the immobilized animals.

Collagen type-II localizes mainly in the zone of the hypertrophic
chondrocytes (ZCH) (A-C, F, H) and lacks in the zone of maturation (
ZCM) and degeneration (ZCDR). Collagen type-II concentrated in the
chondrocytes capsula (A,F). After the immobilization of animals the
collagen type-II synthesis is inhibited. Arrows: A,F-collagen in the
capsula of chondrocytes; E,G,H - little islets of chondrocytes, capable of
collagen synthesis in immobilized animals. Thick arrow (D,G) -
perforation hole.

Immunochemistry for collagen type-II detection Bars: BE,GH=
1000pm,; C=500um; A, E-200um.

Figure 5. The regional ( proximal) metaphyseal plate changes in rats after
the perforation ofitibia 28 days( A-E) and 35 days after injury( F-H). The
left-side panels (A-D) show the metaphyseal plate oficontrol animals and
the right-side panels (E-H) those ofithe immobilized animals.

HA (A,B,E) and collagen type-II (C,D,F-H) localizes mainly in the well
developed zone of hypertrophic chondrocytes. The high concentration of
collagen type-1I has been noted in the capsula of chondrocytes (D). After
the immobilization of animals the HA and collagen synthesis is inhibited
(E-H). Arrows: A,E- HA stain in the hypertrophic chondrocytes of the
growth plate. MP- metaphyseal plate; CT-chondrous tissue.
Histochemistry for HA. Immunohistochemistry for collagen. Bars: A, E=
1000um; C,F= 500pum; B=200pm; D,G,H= 50um.

12
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DISCUSSION

Our data suggest, resembling to that of other authors [5, 6, 11, 18, 20]
that the osseus and chondrous callus formation is dependent on the
mode and degree of injury: the more “strong” trauma (closed fracture
of tibia) causes the markable inhibition of the bone callus develop-
ment whereas a “smaller” trauma (segment osteotomy) causes a large
development of the bone tissue callus [19]. Our results suggest a
dependence on the callus formation at least from the point of view of
functional requirements to the regenerat in the repair process
(necessity of consolidation etc.) and not so much on blood supply
(posttraumatic angiogenese, etc).

Physical activity (swimming) may accelerate the repair process of
the osteotomized tibia in Wistar rats [13]. The physical activity for a
successful bone tissue repair after osteotomy may be achieved even by
normal weight bearing, whereas the tenotomized rat tibia repair is
inhibited [12]. The submicroscopic studies of traumatized chondrous
and bone tissue in the dog tubular bone show the stimulation of the
repair process following physical loading, and inhibition following
hypokinese, and especially following the hypokinese after training [7,
16]. Similar results are received in rat tibia after immobilization in a
plaster cast and following remobilization with exercises [33, 34]. The
immobilization also causes the matrix changes in the joint cartilage
[22]. However, the problem is not so clear. It is possible that the effect
of training is trauma-dependent. In a moderate trauma after segment
osteotomy the post-traumatic bone repair is stimulated (organotypic
repair about 3542 days after osteotomy, increased mitotic activity of
chondrocytes) [19]. As the effect of training after perforation is not so
clear yet more detailed analyses were carried out during the present
work. It occured that in the trained groups of rats the general
morphological characteristics of the post-traumatic repair of the
perforated tibia, the total callus area, as well as the selected areas of
different tissues of callus (bone, cartilage, soft tissues), the mitotic and
the apoptotic activity of the chondrocytes of chondrous callus, the
contribution of HA, as well as collagens type-II and type -X and their
stain, are similar compared to the controls. Training does not effect
remarkably the wound healing after the bicortical perforation of tibia.
In the immobilization group of rats the post-traumatic bone repair is
inhibited in all the groups (internal fracture, segment osteotomy,
bicortical perforation).
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The ossification type is also trauma-dependent. Post-traumatic
osteohistogenesis is in the internal fracture mainly secondary (indirect,
replacing cartilage); in segment-osteotomy primary periosteal and
secondary endosteal [19]. After bicortical perforation the bone repair
is “inverted”, i.e. primary endosteal desmal and secondary indirect
periosteal chondrous.

Glycosaminoglycans (GAG) concentration was measured by
microspectrophotometry after staining histological sections with
safranin-O [14]. It was noticed that 11-week immobilization of canine
knee causes a significant softening (fall of the GAG concentration) of
lateral femoral and tibial cartilages. After the remobilization period of
50 weeks the alterations of cartilage biomechanical properties
disappeared. Immobilization causes the reversible changes in cartilage
markers and synovium metabolism including HA in young beagles.
Increased weight bearing did not change the concentration of markers
[15].

In our experiments the GAG concentration was higher on the 28th
day after osteotomy and low after the perforation of tibia. In the
training group the GAG content did not change compared with normal
weight bearing. In both immobilization groups (osteotomy and
perforation) the periosteal and endosteal GAG content is decreased.

On the 28th day of osteotomy the callus total area and the GAG
concentration is higher compared to perforation. After physical
loading (training) the total callus area is increased but the GAG
concentration is falling without any correlation between them. After
immobilization the callus area, as well as the GAG content, are
decreased.

In normal calluses in a rat model the collagen type-1I was detected
in proliferative chondrocytes on the 4th day after injury and the
collagen tyoe-X in hypertrophic chondrocytes on the 7th days after
injury. On the 14th day collagen-expressing cells were widely
distributed [27]. By the same way of experiments the appearence of
first chondrocytes is observed on the 5th day after injury in the
subperiosteal layer, which is derived from the periost by cell
differentiation [28]. Collagen-X is expressed in the hypertrophic zone
of calcifying cartilage [2]. In the rat pseudoarthrosis model collagen
type-1I staining of the interfragmental area without any bridging
chondral or bony elements in the fracture gap has been shown [17].
Collagen type-II is a marker of the chondroid differentiation and
calcification [26]. The same results were given in our experiments.
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The regional metaphyseal plate in the perforated rats tibia in
control animals as well as after training and immobilization had the
same histological picture as in the callus repair site.

Training did not influence the HA and collagen type-II and type-X
concentration and zonal distribution; immobilization inhibited this
ECM protein synthesis.

Our results affirmed the oppinion about the similarity of the post-
traumatic  periosteal chondrogenesis and osteogenesis with
embryohistogenesis [8] or postnatal endochondral osteohistogenesis of
the metaphyseal plate.

For clinical practice we can conclude that:

1) a repair process in small traumas (i.e perforation) is successful
without mechanical stimulation ( physical training);

2) post-traumatic bone tissue repair is trauma-dependent and highly
specific, having a lot of repair types (from “classic” up to
“inverted”);

3) the immobilization of animals always causes the inhibition of the
repair process in the repair site, as well as in the regional
metaphyseal plate.
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ABSTRACT

The aim of the study was to investigate the influence of fluoride in
drinking water on the prevalence of dental fluorosis among
schoolchildren in Tartu (Estonia). The subjects of the current study
were 12 years old, living in six zones of Tartu with different
fluoride content in drinking water. In total, 368 children were
investigated. The prevalence of dental fluorosis among
schoolchildren was on average 30.2%, the highest percentage
(53.3%) was in the Veeriku zone and the lowest (8.8%) was in the
Staadioni zone. The association between the prevalence of dental
fluorosis and the fluoride content in drinking water was observed
which made it possible to assess the relative risk of fluorosis.
Conclusion: the relationship between the prevalence of dental
fluorosis among children and the fluoride content in drinking water
was determined and the relative risk of fluorosis was calculated.

INTRODUCTION

Fluoride is a natural element found at varying concentrations in water
as well as in soil. It is considered a beneficial nutrient for the integrity
of teeth and bone. When consumed in optimal amounts, fluoride
increases tooth mineralisation and bone density, reduces the risk of
dental caries and helps promote enamel remineralisation throughout
life for individuals of all ages [4, 7].

Excessive fluoride intake has been found to cause irreversible toxic
effects on teeth and the skeleton including dental fluorosis, bone

fractures [2]. Chronic intake of high levels of fluoride can lead to
13
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other serious health problems, as joint deformities, cancer, etc 1, 11].
It may also affect human intelligence, especially in children, who are
most susceptible to early fluoride toxicity [21, 42].

Fluorosis is the hypomineralisation of tooth enamel which results
from excessive systemic fluoride ingestion during enamel develop-
ment prior to tooth eruption [4]. Fluorosis can range from very mild to
severe. Mildly fluorosed enamel is fully functional and may present as
barely detectable whitish surface striations, whereas severely
fluorosed enamel is more prone to wear and fracture and may present
as pitted, stained and porous enamel. Severe fluorosis can result in
teeth with brown discoloration. It makes teeth more susceptible to
dental caries [39]. Fluorosis may occur in either the primary or
permanent dentition. No specific period of enamel formation could be
singled out as being the most critical for the development of dental
fluorosis [5].

The fluoride amount in drinking water is commonly the main
source of human daily fluoride intake [20, 40, 41]. The Finnish study
showed that the estimated fluoride intake through food is only about
0.5 mg/day [18].

The association between the fluoride level in drinking water and
the degree of dental caries and fluorosis has been documented
worldwide [6, 13, 23, 40]. An optimal fluoride level in water (the
concentration which provides the maximum protection against caries
with the least clinically observable fluorosis) is estimated at 0.7-1.2
mg/l depending on the regional temperature. The maximum health-
based fluoride limit in drinking water suggested by the WHO [38] and
established by both the European Union [12] and Estonian legislation
[16]is 1.5 mg/l.

The aim of the current study was to assess the prevalence of dental
fluorosis among the schoolchildren who were born and living in Tartu
where the content of fluoride in drinking water was different by
regions.
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MATERIAL AND METHODS

Study area

The study area — the town of Tartu — is the second largest town in
Estoma located in the southern part of Estonia and covers an area of
39 km”® with the population of 100,000 inhabitants. The groundwater
without any treatment is used to supply drinking water. Over 100 deep
tube wells are connected to the public water supply network. They
rely on various hydrogeological aquifers with the different quality of
water. The data on fluoride concentration in water were obtained from
the water quality database of tube wells in 1986-1997 compiled for
the Tartu Agenda 21 [32].

Since the municipal drinking water distribution system combines
water from several tube wells, the fluoride concentration in tap water
at consumer varies depending on the zone of the influence of the tube
well. For the study we took care to select only the zones that were
supplied by definite tube wells of the known fluoride concentration.
The advice of leading hydrogeologists was considered. As a result six
zones were defined on purpose for the current study (Figure 1).These
zones are of approximately the same eco-environmental and ethnic
conditions as well as socioeconomic standards.

The wells in the Staadioni and the Karlova zones rely on the
aquifer from Quaternary deposits with a fluoride concentration in the
range of 0.2-0.3 mg/] and are, in this paper, called the low-fluoride
zones. The water sources of the Annelinn and the Aardla zones are the
aquifers in Devonian and Silurian deposits with a fluoride
concentration in the range of 1.0-1.8 mg/l. The wells in the Raatuse
and the Veeriku zones rely on local anomalous hydrogeological areas
with the elevated (over 2 mg/l) fluoride concentration in water.
Therefore these zones are called the high-fluoride ones. At present the
tube wells giving high-fluoride water are closed.

Study population

The study population is a part of the over-Estonian survey of dental
health of schoolchildren conducted in 1999-2000 according to the
uniformed methodology of the World Health Organisation [37]. The
12-year-old children served as a target group. Consent from the
children, as well as from local authorities, was obtained prior to the
examination.
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Figure 1. Study zones in Tartu

The children were asked about the duration of their residence at the
present address.

Schoolchildren were localized according to their current home
address and their correspondence to drinking water zones was
determined. Only those schoolchildren who had reported the conti-
nuous residence since birth in the corresponding zones were included
in the study. As a result, the total sample size was 368 children.
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Clinical examination

Intra-oral examination was conducted at the schools in Tartu by a
trained examiner with an assistant recording the observations. After
the initial cleaning of teeth by the use of gauze, the dentition was
inspected using disposable dental mirrors and probes. Illumination
was by indirect sunlight and a local lamp. All partly or fully erupted
teeth were examined. Caries experience was assessed in accordance
with the DMFT indices as described by the WHO Oral Health Surveys
[37].

Dental fluorosis was assessed on vestibular, occlusal and lingual
surfaces. The white flecks, fine white and brown lines in the enamel
were registered as a mild degree of fluorosis. Very chalky, opaque
enamel, mottling and the loss of the portions of the outer enamel was
diagnosed as severe fluorosis [8].

Data processing

Data were computerised using the Excel program and the statistical
analysis was performed with SPSS for Windows program. The
prevalence of dental fluorosis was calculated as frequency of
occurrence among the studied population (%). The difference between
indicators was evaluated by t-test. The difference was considered
significant if p<0.05. The association between the prevalence of dental
florosis and the fluoride content of drinking water was characterised
by a relative risk (RR) and its confidence interval [27].

RESULTS AND DISCUSSION

Fluoride content in drinking water

Table 1 gives the mean value, standard deviation and the range of
fluoride content in drinking water sources (tube wells) by the study
zones in 1986-1997. It is the period when the study population was
born and grew up.

The content of fluoride in the water supply system varied between
the studied zones to a large scale depending on the water source from
which the supply system feeds on. The lowest fluoride concentration
(on average 0.18 mg/l) was detected in Zone I (Staadioni) where the
water system intakes the water from Quaternary deposits. Zone II
(Karlova) had the average fluoride content 0.29 mg/l. In Zones V and
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VI (Raatuse and Veeriku) the fluoride content in drinking water was
anomalously high (on average 2.41 and 3.89 mg/l, respectively). This
exceeds the national limit 1.5 mg/l about two times. Zones III and IV
(Aardla and Annelinn) intake the water from different groundwater
layers and the actual fluoride concentration depends on the water
consumption and water pressure balance between different wells, on
average it was 1.19 and 1.59 mg/l, respectively.

Table 1. Fluoride content (mg/l) of drinking water sources in Tartu,
1986-1997

Zone No of .

No |Name samples Mean SD Min Max
I Staadioni 25 0.18 0.05 0.10 0.30
IT Karlova 20 0.29 0.16 0.10 0.70
111 Aardla 28 1.19 0.18 0.80 1.50
IV | Annelinn 35 1.59 0.18 1.30 1.90
\" Raatuse 24 2.41 0.34 1.85 3.2

VI | Veeriku 8 3.89 0.35 3.35 4.40
I-VI | Total 140 1.34 1.02 0.10 4.40

Prevalence of dental fluorosis

The distribution of 12-year-old schoolchildren according to gender
and the residence in six zones and the prevalence of dental fluorosis is
shown in Table 2.

The number of children was different by zones. Boys and girls
were equally represented in the total sample (47% and 53%,
respectively). However, they were unevenly represented between
zones. In Raatuse zone the boys constituted 76.5% of sample, while in
other zones the girls prevailed (over 50%), but the differences were
not significant.

The prevalence of dental fluorosis among Tartu schoolchildren was
30.2%, being 26.3% among boys and 33.7% among girls. The
difference between boys and girls was not significant.

In Zone I (Staadioni) with the lowest average fluoride concent-
ration 91.2% the study group did not exhibit dental damage and the
remaining 8.8% had only a mild degree of dental fluorosis. The results
obtained from Zones II, III, IV (Karlova, Aardla, Annelinn) showed
that the percentage of children with dental fluorosis (15.8; 21.0 and
38.3%, respectively) increased with the increase in fluoride content in
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the drinking water source (Figure 2). Results from the high-fluoride
Zones V and VI (Raatuse and Veeriku) showed that about half of the
study group had dental fluorosis (47.1 and 53.3%, respectively).

70
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20
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Figure 2. Prevalence of dental fluorosis (%) among schoolchildren in
different zones in Tartu

Zones

In most cases (89%) the mild degree of fluorosis was diagnosed
(Table 3). Only twelve children (3 boys and 9 girls) had severe
fluorosis. Half of them lived in the high-fluoride Zone VI (Veeriku)
where the severe form among the diseased group reached 38%. The
high occurrence of severe fluorosis was found in the low-fluoride
Zone II (Karlova) as well. In Zone I (Staadioni) and Zone V (Raatuse)
a severe form of fluorosis was not detected. Due to a small number of
cases the differences between boys and girls as well as between zones,
were not significant.



Tabel 2. Prevalence of dental fluorosis among 12-year-old schoolchildren in Tartu

Zone No of Children with Boys Boys with dental Girls Girls with dental
children dental fluorosis fluorosis fluorosis

No Name No % No No % No No %

I Staadioni 34 3 8.8 16 2 12.5 18 1 5.6
II Karlova 38 6 15.8 18 2 11.1 20 4 20.0
III Aardla 100 21 21.0 48 8 16.7 52 13 25.0
v Annelinn 149 57 38.3 67 23 343 82 34 41.5
\'% Raatuse 17 8 47.1 13 6 46.2 4 2 50.0
VI Veeriku 30 16 53.3 13 5 38.5 17 11 64.7
I-VI |Total 368 111 30.2 175 46 26.3 193 65 33.7

Table 3. Distribution of schoolchildren by the severity of fluorosis

Cases of severe fluorosis

Zones No of school- | Cases of dental fluorosis | Cases of mild fluorosis

No Name children No % No % No %

I Staadioni 34 3 8.8 3 9*/100%** 0 0*/0**
II Karlova 38 6 15.8 4 11/67 2 5/33
111 Aardla 100 21 21.0 19 19/90 2 2/10
v Annelinn 149 57 38.3 55 37/96 2 1/4
\" Raatuse 17 8 47.1 8 47/100 0 0/0
VI Veeriku 30 16 53.3 10 33/62 6 20/38
I-VI |Total 368 111 30.2 99 27/89 12 3/11

* o4 from all the studied children, ** % from all the cases of fluorosis
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Relationship between the water fluoride level and the prevalence
of fluorosis

A strong association between the water fluoride level and the
prevalence of fluorosis was found. The data allowed to calculate the
relative risk of dental fluorosis in relation to the zone of residence and
the fluoride content in the drinking water (Table 4).

Table 4. Relative risk of dental fluorosis among schoolchildren in diffe-
rent zones of Tartu (compared to Zone I Staadioni).

Region Content of Confidence
fluoride in Relative risk interval

No |Name water (mg/1) (RR) (C195%)
I Staadioni 0.2 1.00

11 Karlova 0.3 1.79 0.41-7.71
III |Aardla 1.2 2.38 0.67-8.48
IV | Annelinn 1.6 4.33* 1.28-14.67
\ Raatuse 2.4 5.33* 1.25-22.71
VI |Veeriku 3.9 6.04* 1.60-22.80

* statistically significant

The risk of dental fluorosis was over 4 times higher among the
children of Zone IV (Annelinn) where the average fluoride content
exceeded slightly the permissible level as compared to Zone I
(Staadioni). In Zones V and VI the risk was even higher. Currently,
these wells are excluded from the public water supply system. In
Zones II and III where the fluoride content in water was below the
limit, there was no significant risk of dental fluorosis as compared to
Zone I where the fluoride content in water was the lowest.

DISCUSSION

The prevalence of dental fluorosis among schoolchildren was studied
in the town of Tartu where the fluoride content in drinking water
varied between zones significantly. Other conditions (climate, the
quality of outdoor air, living conditions, dietary habits and oral
hygiene) were considered to be distributed evenly inside the town.

14
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There were some limitations in this study. First, the selection of the
children was not randomised as it was a convenient sample from the
national oral health survey. Secondly, the zones included in the study
are characterised by the average fluoride concentration in drinking
water only.

Although the study population was not randomised, it was
considered reasonably representative of the 12-year-old children of
Tartu in the similar ethnic and socioeconomic class. The results of this
study may be extrapolated to the school-going 12-year-old children of
Tartu.

The research approach of this study was designed to evaluate the
exposure to fluoride via drinking water only and this has limited the
capacity of the study to comment on other factors such as fluoride
toothpaste and other dietary exposure to fluoride which can serve as
risk factors for fluorosis [22]. It should be mentioned that fluoride
toothpaste was available on the Estonian market since the early 1990s
(i.e. after the tooth eruption of the studied population) and no
additional fluoride supplements such as fluoride tablets, mouth rinses,
fluoride gel applications were used regularly.

This study assumed that the fluoride exposure of each child in the
zone corresponded to the average fluoride level in the drinking water
of that zone. The use of the average fluoride level of the zone water to
determine the child’s fluoride exposure status was perhaps not the best
approach, as the fluoride content inside the zone varies to some degree
and in the course of time. Because of the lack of resources it was not
possible to determine the individual exposure of subjects via drinking
water.

Our results, showing the 30.2% of prevalence of dental fluorosis
among Tartu schoolchildren, does not differ significantly from the
data of scientific literature from other countries. Stephen et al [30]
have reported the prevalence of the clinical form of dental fluorosis in
Scotland in 30% of schoolchildren. Splieth et a/ [29] found that the
prevalence of very mild fluorosis among 10-17-year-old school-
children in Germany was 32% and the questionable form of dental
fluorosis was even 64%. Frang et al [15] found that the prevalence of
the moderate form of dental fluorosis was 20.7% in 7-10-year-old
schoolchildren in Hungary.

In the UK the prevalence of diffuse enamel opacities among
12-year-old children was 20%, ranging from 8% in Northern Ireland
to 22% in England [36]. A study by Carvalho et a/ [9] in Belgium,
assessing the apparent decline in dental caries among 12-year-old
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children between 1983 and 1998, showed early signs of fluorosis in
5% of subjects in 1983 and 30% of the subjects in 1998. In Denmark
the prevalence of fluorosis among 11-year-old children was 15% [19].
A national survey of the US schoolchildren found that 22.3% of
children surveyed had some fluorosis. Of these cases, 94% were very
mild or mild. Only 6% of fluorosis cases were considered moderate or
severe [1]. So far, the highest prevalence of dental fluorosis has been
reported in China: among 9-15-year-old schoolchildren the
prevalence of fluorosis was 84-98%, but this was found in the regions
with a very high fluoride content (7.2-8.3 mg/l) in drinking water
[10]. The direct comparison of these fluorosis data from various
countries is difficult because of inherent differences in water
consumption, climate, nutrition, living standards and the availability
of other fluoride sources within the countries.

The association between fluoride in drinking water and the degree
of dental fluorosis has been documented worldwide [6, 13, 25]. In
Italy 95% of 12-year-old children in the low-fluoride area (0.3 mg/l)
had no evidence of fluorosis compared with 55% in high-fluoride (2.5
mg/l) area [3]. The similar data have also been reported in previous
studies in Estonia [17, 34]. The association between the fluoride
content of water in different regions in Estonia and the prevalence of
fluorosis demonstrate the same results detected among schoolchildren
in Tartu. According to the data by Kiik [17], the prevalence of dental
fluorosis among 7-12-year-old schoolchildren, living in low-fluoride
areas, was 7.8%, but in high-fluoride areas (2.2-2.8 mg/l) the
prevalence was even 53.6%. The high prevalence of fluorosis was also
detected by Vihm [34] in the town of Virtsu where the prevalence
reached 41.2%. This is also the region with a very high natural
fluoride content in drinking water (4.8-5.0 mg/1).

In the study by van der Hoek er a/ [33] the fluoride level in
drinking water remained a very strong independent risk factor for
fluorosis in the multivariate analysis. The students drinking water with
a fluoride level of 1 mg/l or higher had an almost five times higher
risk for dental fluorosis than the students drinking water with a
fluoride content of 0.3 mg/1 or less. No clear effects could be found
for using the fluoridated toothpaste, the occupation of the father, and
the socio-economic status.

In recent years there has been an increase in the prevalence of mild
fluorosis. The use of the fluoride toothpaste by young children has
been reported as a potential risk factor for fluorosis in a number of
studies [24, 28, 31, 35]. Other factors, associated with fluorosis in
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nonfluoridated areas, were fluoride-supplement use [26, 35] and the
higher socioeconomic status [31]. The review of studies evaluating
risk factors or indicators and quantifying the risk for dental fluorosis
from the 1980s through the 1990s time period showed that four major
risk factors were consistently identified: the use of fluoridated
drinking water, fluoride supplements, the fluoride toothpaste, and
infant formulas before the age of six years [22].

The fluoridated toothpaste was first introduced into Europe in 1962
in Finland and now accounts for over 90% of the market in many
countries [36]. In Estonia it was introduced since the beginning of
1990s. No additional fluoride supplements were used regularly.

The optimisation of the fluoride content in drinking water enables
to decrease the risk of dental fluorosis significantly. Preventive
measures to minimize risk factors for fluorosis include the supervision
of tooth brushing by children under 5 years, dispensing the pea-sized
quantities of toothpaste for children, and the stringent criteria applied
to the administration of fluoride supplements to children [14].

CONCLUSION

The present results and those of the previous studies strengthen the
notion that there is a systematic and positive relationship between the
fluoride content in drinking water and the prevalence of dental
fluorosis. It has been determined that the fluoride concentration in the
excess of 1.6 mg/l and over exposes residents to high health risks
based on the risk identification.
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ABSTRACT

The purpose of this study was to compare the possible relationship
in sports habits, anthropometric characteristics and physical
performance among extension service students. Two groups of
police and rescue service students answered the query and
performed physical tests that are in use for these specialties in
Estonia. Additionally their body fat was measured and also their
body fat index was calculated. All parameters were compared with
each other.

Key words: police, rescue service, students, physical performance

INTRODUCTION

The anthropometric profile of individuals has been reported to be
closely related to the level of sports performance [3]. As we had
examined the anthropometric characteristics and physical performance
of first year regular students in 1999 and found a significant positive
relationship between the height of students and the result of the 100 m
run (r=0,35; p<0.001) and also the correlation between performance of
the 100 m run and sit-ups tests [1], we enlarged our survey to
policemen and rescuers who continue their studies in our academy.
The knowledge about the relationship between anthropometric
characteristics and physical performance is an important tool for
planning the syllabus of physical education, as well as for evaluating

the physical fitness of students [2,5] also for those who already work
as civil servants.
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Correlation (r=0,63) was found between doing squats (police test)
and percentage of body fat and (r=0,70) between percentage of body
fat and the number of chin-ups (p<0.01). Among rescue service
students there were also found correlations between percentage of
body fat and performance of sit-ups (r=0,44, p<0.01), as well as
between percentage of body fat and performance of: chin-ups (r=0,52,
p<0.01).

MATERIAL AND METHODS

Subjects

The respondents of the study were 35 extension students from the
police college, 21 extension and 18 regular students from the college
of rescue services. Most of them need to pass annual physical tests in
their services {4]. Eleven voluntary regular students from the college
of finance and taxation also participated.

Of the 85 participants only 11 were female.

Taking measurements

Height was measured in cm using a Martin metal anthropometer and
body mass in kg using medical scales. Body fat was estimated using
an OMRON body-fat tester.

Testing procedure

The physical tests were performed at the Sports Centre of the Public
Service Academy as follows:
For policemen:

1) squat with no time limit

2) sit-ups with no time limit

3) chin-ups for men (under 40)

4) push-ups for men over 40 and for women

5) 1000 m run for women, 3000 m run for men
For all rescue service students:

1) squat in 60 seconds with 45 kg bar on shoulders

2) bench press in 60 seconds with 45 kg bar

3) sit-ups in 60 seconds

4) chin-ups

5) 500 m rowing on ergometer
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(Rowing was chosen instead of running 2700 m, because out-door
conditions in December, when the test was performed, prohibited
running.)

Query

The participants answered an anonymous questionnaire about their
health, sporting and eating habits, smoking and drinking alcoholic
beverages. On the same questionnaire they added their anthropo-
metrical measurements and physical test results for future analysis.

Statistical analysis

The results of physical tests and quantitative answers on the
questionnaire were compared. Standard statistical methods were used
for the calculation of the means. To determine the relationships
between dependent variables Pearson correlation coefficients were
used. Statistical significance was accepted at p<0.05. Data were
analysed using the Statistical Package for the Social Sciences (SPSS),
version 11.0 for Windows.

RESULTS

Table 1 shows the average age and anthropometric parameters of
extension service students (n=56).

Table 1.

i Xp 6 Xmin Xmax

" Age (years) 33 6 22 50
Height (cm) 180 6,9 | 161 195
Weight (kg) 84 15 | 50 115

Fewer than half of such students (41%) participate in sports at least
once a week. Only 18% of extension service students find performing
physical tests easy; 9% say that this is very difficult.

We saw a quite high correlation between sporting activity and
performing physical tests. For example there was a correlation of
r=0,84 between the number of hours spent in high exertion sport
(breathing hard and sweating) in a week and the result of running
3000 m (p<0.01). The Pearson correlation coefficient was even higher
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between the running test and going in for individual sports (r=0,86) or
participating in some training groups (r=0,91; p<0.01).

There was a correlation of r=0,63 between doing squats (police
test) and percentage of body fat and r=0,70 between percentage of
body fat and the number of chin-ups (p<0.01). Also among police
students the results of 3000 m run and chin-ups were correlated
(1=0,86, p<0.01).

There was a similar correlation between age and the parameters
from the query and physical tests, as follows: age and body fat
percentage (r=0,6; p<0.01), age and sporting activity (r=0,5; p<0.01)
age and doing squats (r=0,52; p<0.01). The correlation was even
stronger between age and doing chin-ups (r=0,8; p<0.01).

The correlations among these parameters were weaker among
rescue service students. The correlation between percentage of body
fat and performance of sit-ups was r=0,44 (p<0.01); that between
percentage of body fat and performance of chin-ups r=0,52 (p<0.01).

DISCUSSION

The correlation between the percentage of body fat and physical
performance clearly shows the necessity of weight control in
increasing the total score in annual physical tests. As body fat
percentage is a function of eating and physical exercise, students or
civil servants can not achieve good results in physical tests without
developing different physical abilities.
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Sports Medicine and Rehabilitation Clinic,
University of Tartu, Estonia

ABSTRACT

Introduction. Hallux valgus deformity is a common foot disorder
that causes pain and changes the foot shape. The etiology is
multifactorial and among other factors biomechanical disturbances
are greatly responsible for development of forefoot deformity and
pain syndrome.

Material and methods. Forefoot pressure distribution while
walking at self-selected speed was analyzed in 15 female patients
(mean age 41 years, min 13 years, max 70 years) suffering from
hallux valgus deformity. Plantar pressure distribution data were
collected and analyzed using the Footscan Scientific 3D Box
system and software (RSscan International, Belgium). The
following data were registered for each metatarsal head and great
toe: percentage of contact time versus complete stance phase
(% Contact), percentage of loading time versus forefoot loading
time (Comp%), maximum pressure (Pmax), total amount ofi
pressure during the complete stance phase (Imp). The data were
compared with the normal value upper limit of the Footscan
software reference base.

Results. Overpressure on projection of 2-4 metatarsal heads
while walking was observed in female patients having hallux
valgus deformity. Dynamic plantar pressure measurements allow
objective assessment of overpressure and its localization in patients
with hallux valgus deformity. According to plantar pressure
distribution data the custom-made orthopedic insoles could be
accomplished for improving functional status ofithe foot.

Key words: hallux valgus, forefoot pressure distribution, conser-
vative treatment
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INTRODUCTION

Hallux valgus (HV) is a common forefoot deformity that causes pain
and changes the foot shape. The etiology of deformity is multifactorial
[1]. Heredity plays a key role in development ofi the deformity since it
is inherited autosom dominantly and mostly women are affected [2,
3]. Wearing unsuitable shoes [4, 5] and different biomechanical
disorders of feet (hind foot and forefoot hyperpronation, hypermobility
of I metatarsocuneiform joint, contracture of Achilles’ tendon, neuro-
muscular disorders) contribute to the development of deformity [4].

Plantar pressure measurement is one of the gait analysis methods
allowing detection of biomechanical disturbances during walking.
Plantar pressure measurement technology is evolving from the
research laboratory into clinical practice and offers to clinicians the
possibility to investigate changes to foot function over time or the
effects of therapeutic intervention [6]. It has been established, that
overpressure to foot tissues correlates very well with incidence and
magnitude of pain syndrome [7] and with occurrence of plantar skin
lesions [8]. Beforehand on the same subject executed studies have
shown that in HV deformity the forefoot is overloaded but the
controversy exists in exact localization ofi the overload [9-13]. In HV
deformity the first choice treatment is conservative treatment, which
includes counseling in choosing suitable footwear and prescribing
orthopedic insoles [1, 4]. Although studies have shown that insoles are
not effective for prevention of HV deformity development or
progression [14, 15], good results have been obtained in palliation of
accompanying pain syndrome [4, 7].

The aim ofi the present study was to evaluate forefoot pressure
distribution in female patients having HV deformity.

MATERIAL

The study was carried out at Tartu University sports medicine and
rehabilitation clinic outpatient department during 01.01. — 30.06.2004.
The study group consisted of female patients having HV deformity
that was diagnosed by the orthopedic surgeon. Patients were referred
to our setting by general practitioners, orthopedic surgeons or turned
to consultation by themselves. HV patients treated surgically on both
feet, patients having degenerative or inflammatory arthritis of other
joints of lower extremities or nervous system pathology were
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excluded from the study group. In one patient surgical treatment was
performed on the right leg and the measurements of that leg were
excluded from the data analysis. The study group consisted of 15
female patients (mean age 40,9 years, min 13 years, max 70 years),
representing HV deformity (deformity of I metetarsophalangeal joint
15 degrees or more) in both feet.

METHODS

The plantar pressure measurements were performed with Footscan
Scientific 3D Box (RSscan International, Belgium) system that
consists of pressure plate (200 x 40 cm, 4 sensors/cm’) and computer
software (Footscan Pro ver. 4.2). The pressure plate is mounted even
in the floor in the middle of a 10 meters long walkway. Before starting
the measurements patients body weight and foot size were taken and
entered into the Footscan program. Patients were instructed to walk at
self-selected speed along the walkway and not to change the step
length stepping on and off the pressure plate. Before starting the actual
measurements each person walked 3-4 times along the walkway in
order to get accustomed with the study environment. During the
dynamic study patient walked along the walkway at self-selected
speed and measurements were repeated for 6 times. The area of
interest was forefoot, which was analyzed by the use of Footscan
software. To establish the pressure parameters the markers were
arranged over the five metatarsal heads (M1-MS$) and the first toe (T1)
by the Footscan software. The arrangement of markers was evaluated
visually by one investigator and rearranged manually if any aberrancy
detected. Following parameters were recorded for each marker:
percentage of loading under the marker compared to the complete
stance phase (% Contact), percentage of loading under the marker
compared to the related markers (five metatarsal markers — Comp %),
the maximum pressure measured under the marker (Pmax), the total
amount of pressure during the complete stance phase for the specified
marker (impulse — Imp). The data of last five measurements were used
for analysis whereby the minimum and maximum values registered in
each region were excluded. Accordingly the mean of parameters for
each region was calculated on the basis of three values. Due to the
small sample size and not normally distributed variables the Wilcoxon
test was used for comparing the registered parameters with the upper
limit of normal values of Footscan reference base. The p-values
< 0,05 were considered statistically significant.



120 Forefoot pressure distribution in female patients having hallux

RESULTS

The loading time of metatarsal heads and the first toe related to the
complete stance time (%Contact) doesn’t exceed the upper limit of
reference base normal values in HV deformity patients (Table 1).

Table 1. The loading time of metatarsal heads and the first toe related to
the complete stance time (%Contact) compared to the upper limit of
Footscan software reference base normal values.

Hallux valgus (% Contact) Upper limit of normal
Region {median (min-max)} values (% Contact)
M5 63 (36-86) 80
M4 74 (45-87) 86
M3 78 (52-88) 85
M2 76 (38-85) 83
M1 59 (25-82) 80
Tl 43 (0-70) 70

MS5-M1 — metatarsal heads, T1 — first toe, upper limit of normal values — on the
bases of Footscan software reference base.

Loading time of the third metatarsal head related to the forefoot
loading time (Comp%) was statistically different from upper limit of
normal value (Table 2).

The median of maximum pressure was statistically different from
the upper limit of normal values in the region of the second, third and
forth metatarsal head (Table 3).

The median of impulse registered in the region from second to
forth metatarsal heads was statistically different from the upper limit
of the normal values of the reference base (Table 4).

Although in tables cited above it could be seen, that recorded variables
vary in great extent, in regions where the statistically relevant
difference from the upper limit of normal values was found, 65-80%
of variables were exceeding this level (Figure 1).
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Table 2. Loading time of metatarsal heads related to forefoot loading
time (Comp%) compared to the upper limit of Footscan software refe-
rence base normal values.

Region Hallux 'valgus. (Comp%) | Upper limit of normal D
{median (min-max)} values (Comp%)
M5 10 (2-25) 11 0,8037
M4 18 (6-27) 18 0,5086
M3 26 (17-58) 23 <0,0001
M2 26 (11-48) 24 0,1421
Ml 16 (4-28) 21 0,9972

M5-M1 — metatarsal heads, upper limit of normal values — on the bases of
Footscan software reference base.

Table 3. The maximum pressure (Pmax) in the region of metatarsal heads
and the first toe compared to the upper limit of Footscan software
reference base normal values.

Hallux valgus Upper limit of p
Region (Pmax-N/cm?) normal values
{median (min—-max)} (Pmax—N/cm?)
M5 20 (4-102) 28 0,5400
M4 54 (14-140) 38 0,0032
M3 77 (15-272) 48 <0,0001
M2 83 (11-214) 50 <0,0009
Ml 53 (11-112) 46 0,3327
Tl 37 (0-196) 48 0,7915

M5-M1 — metatarsal heads, T1 — first toe, upper limit of normal values — on the
bases of Footscan software reference base.
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Table 4. Impulse (Imp) in the region of metatarsal heads and the first toe
compared to the upper limit of Footscan software reference base normal
values.

Hallux valgus Upper limit of
Region (Imp—Ns/cmz) normal values p
{median (min-max)} (Imp—Ns/cm?)
MS5 4 (0,9-23) 6 0,5602
M4 12 (3-32) 9 0,0050
M3 22 (6-67) 12 <0,0003
M2 20 (440) 12 0,0028
Ml 9 (1-28) 11 0,8123
T1 | 6 (0-26) 8 0,9887

M5-MI — metatarsal heads, T1 — first toe, upper limit of normal values — on the
bases of Footscan software reference base.

Percentage of variables
exceeding the normal values

%Contact
Comp%

Pmax

region M5 M4 M3 M2 M1 T

Figure 1. In the forefoot recorded pressure distribution parameters (%
Contact, Comp%, Pmax, Imp) variables percentage exceeding the upper
limit of normal values.

%Contact — percentage of loading under the marker compared to the complete
stance phase, Comp% — percentage of loading under the marker compared to the
related markers (five metatarsal markers), Pmax — the maximum pressure
measured under the marker, Imp — the total amount of pressure during the
complete stance phase for the specified marker (impulse).
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DISCUSSION

From the study appeared that the loading time of metatarsal heads and
the first toe related to the complete stance time (%Contact) was not
informative parameter in female patients having HV deformity.
Observing the loading time of metatarsal heads related to forefoot
loading time the elongated contact time in M3 region was noticed.
Furthermore, the statistically evident difference from upper limit of
normal values of maximum pressure and impulse refer to overload in
the region of M2-M4 metatarsal heads.

Overloading of anatomical structures of foot is the basis for
formation of pain syndrome and skin lesions. Previous studies have
shown that beside heredity biomechanical disturbances ofi foot have a
substantial role in genesis of HV deformation, although there is no
uniform standpoint in the character of these disturbances. The reason
might be the circumstance that study methods vary in great extent: the
equipment used, data recording, and selection of study subjects differ
a lot. Analyzing the forefoot pressure distribution in HV deformity
some authors have found that substantial decrease of plantar pressure
in IV and V metatarsal head region and the pass ofi maximum pressure
to the medial forefoot occur in this disease group [9, 10]. On the other
hand has been found, that hallux and the II metatarsal head are
substantially lesser loaded than III-V metatarsal heads [11-13] and
mediolateral load transfer from I-st metatarsal to lesser metatarsals
occur. As a consequence the function of hallux in walking stance
phase push off is worsened and the overload of lesser metatarsals
develops. In clinical practice the static X-ray is taken for evaluation of
the extent of deformity and foot condition in HV deformity. At the
same time it is known that radiologic characteristics alone do not
determine one-to-one the loading parameters of the forefoot and the
radiologically determined progression of HV is not connected with
increased loading in lateral forefoot regions [13, 16]. Consequently
the analysis of plantar pressure distribution gives relevant additional
information about functional status of the foot.

Dynamic plantar pressure measurements in HV deformity patients
make possible objective assessment and localizing of overloaded
regions in forefoot while walking. In HV treatment conservative
treatment using orthopedic insoles as well [4] is the first choice. The
plantar pressure distribution data can contribute to evidence based
manufacturing of custom made orthopedic insoles with intention of
decreasing overload in forefoot.
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ABSTRACT

The aim of this investigation was to examine the effect of specific
physical activity pattern on bone mineral density (BMD) values in
adolescent girls. In total, 52 girls, 14 to 15 years of age, parti-
cipated in this study. All girls were on Tanner stage 4 or 5.
Eighteen children were in control group and they participated only
in school compulsory physical education lessons two times a week.
Exercise groups were 13 girls, who participated in gymnastics four
times a week for at least last four years (strength-trained group);
and 21 girls, who participated in cross-country skiing four times a
week for at least last four years (endurance-trained group). The
height and body mass of the subjects were measured and body
mass index calculated (in kg/mz). Body composition and BMD
were assessed using whole-body dual energy X-ray absorptiometry
(DPX-IQ densitometer, Lunar Corp, USA). Maximal counter
movement jump on contact platform and physical working
capacity on bicycle were also performed. Bone mineral density
was significantly higher in strength-trained group compared to
other measured groups. No differences in BMD values were
observed between endurance-trained and control subjects. Counter
movement jump was higher in strength-trained girls compared with
other groups, and endurance-trained girls demonstrated
significantly higher values for counter movement jump compared
to control group. In addition, strength-trained and endurance-
trained girls were not different in physical working capacity values
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which were significantly higher when compared with control
subjects. Bone mineral density was significantly related (r>0.58;
p<0.05) to body fat mass, fat free mass, body mass index and
counter movement jump values. Stepwise multiple regression
analysis indicated that fat mass (R2=0.424) from body composition
parameters and counter movement jump (R2=0.384) from
performance parameters best predicted BMD in adolescent girls. In
summary, the results of present investigation demonstrate that the
specific physical activity pattern is needed for the development of:
BMD also during adolescent years in girls. It can be concluded that
BMD is mostly determined by the capacity to generate muscle
power from the performance parameters and the amount of fat
mass from body composition parameters in adolescent girls.

Key words: bone mineral density, adolescent girls, physical
activity pattern, body composition

INTRODUCTION

In both men and women, bone mineral density (BMD) and bone
mineral content (BMC) increase from early childhood and throughout
adolescence. Approximately 90% of bone mass is present at the end of:
skeletal maturation and BMD can explain between 75 and 85% of: the
variation in bone strength [3]. Factors that affect BMD and BMC are
age, nutritional status and physical activity [2—4]. It has been
suggested that weight-bearing physical exercise is essential for the
normal development and maintanance of a healthy skeleton [3,4]. The
specific response to any bone strain depends on a threshold for that
bone, and there exists a minimum effective strain for adjusting bone
mass and architecture [3]. For example, impact activity such as
running can induce strain as a result of the momentary loading of:
several times body mass. By contrast, activities such as road cycling
and swimming are weight supported, involve minimal strain and
involve a prone orientation for considerable periods of: time [5].
Accordingly, it is likely that specific physical activity for certain
sports plays a pivotal role in skeletal adaptation. In our previous study,
we demonstrated that the specific physical activity pattern is needed
for the development of BMD already during pubertal years [1].
Understanding these specific effects of different physical activities
could give exercise advice that is given to young athletes.
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Accordingly, the purpose of the present study was to examine the
effects ofi different physical loading pattern on BMD values in young
adolescent female athletes.

METHODS

In total, 52 adolescent young 1415 years old females participated in
this investigation. They comprised young competitive athletes and
controls, and were divided into groups of cross-country skiers (n=21),
gymnasts (n=13) and healthy nonexercising controls (n=18). All
participants were on Tanner [6] stage 4 or 5. Controls participated
only in school compulsory physical education lessons two times per
week conducted by a teacher of physical education. Cross-country
skiers and gymnasts participated in training sessions at least four times
a week for at least last four years. All measurements were performed
in the morning, participants had to attend laboratory measurements
two times. At first, all subjects were measured for height and body
mass, questioned for their physical activity, competitive history of
their sport and their weekly training time. This was followed by
maximal counter movement jump test on contact platform (Newtest
OY, Finland) and physical working capacity test on bicycle (Tunturi,
Finland). The height was measured using a Martin metal
anthropometer in cm (+£0.1) and body mass was measured with
medical scales (A&D Instruments, Ltd, UK). In addition, the body
mass index was calculated as body mass (kg)/height (m”). Second
measurement session consisted of body composition assessment by
whole-body dual energy X-ray absorptiometry (DPX-IQ densitometer;
Lunar Corp., USA). Participants were scanned in light clothing while
lying flat on their backs with arms on their sides. DXA measurements
and results were evaluated by the same examiner.

Data analysis was performed by using SPSS 10.0 for Windows
(Chicago IL, USA). Standard statistical methods were used to
calculate mean and standard deviation (+SD). Statistical comparisons
between groups were made by using one-way analysis of variance
(ANOVA). Independent t-tests were used where post hoc analysis was
necessary. Pearson correlation coefficients were also computed
between measured variables. In addition, stepwise multiple regression
analysis was performed to find a predictive parameter on BMD from
measured body composition and performance parameters that
demonstrated significant correlation with BMD value. The level of
significance was set at p<0.05.
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RESULTS

The mean body composition, bone density, muscle power and
physical working capacity values are presented in Table 1. The
studied groups did not differ from each other from age and biological
maturation. In addition, strength-trained and endurance-trained
subjects did not differ between mean weekly training time. Bone
mineral density values were significantly higher in strength-trained
group compared to other studied groups. However, no differences in
BMD values were observed between endurance-trained and control
subjects. No differences between measured groups were observed in
height, body mass and body mass index. Counter movement jump was
higher in strength-trained girls compared with other groups, and
endurance-trained girls demonstrated significantly higher values for
counter movement jump compared to control group. In addition,
strength-trained and endurance-trained girls were not different in
physical working capacity values which were significantly higher
when compared with control subjects. Bone mineral density was
significantly related (r>0.58; p<0.05) to body fat mass, fat free mass,

Table 1. Body composition and performance parameters of adolescent
girls (Mean+SD).

Strength- Endurance- Untrained

Variable trained trained controls
(n=13) (n=21) (n=18)

Age (yrs) 14.4+0.9 14.7+£0.5 14.2+0.6
Tanner stage 4-5 4-5 45
Weekly training (hrs) 5.8+0.7 6.4+0.9 -
Height (cm) 165.0+6.8 164.4+7.1 165.7+8.1
Body mass (kg) 56.4+8.8 50.8+£7.0 54.3+6.9
BMI (kg/m?) 21.0+2.8 19.842.0 20.7+7.2
BMD (g/cm?) 1.06+2.02 1.01+0.01* 1.00+0.01*
Body fat (%) 22.943.2 18.9+2.0 23.4+4 4
Fat mass (kg) 12.8+1.3 9.5+1.0 12.6+1.3
Fat free mass (kg) 43.5+3.3 41.3+2.7 41.6+2.5
CMJ (cm) 26.3+4.5 28.6+4.4* 25.8+5.5#
PWC (W) 198.0+9.4 2354+104 | 186.5£10.4*#

* Significantly different from Strength-trained group; p<0.05.

# Significantly different from Endurance-trained group; p<0.05.
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body mass index and counter movement jump values. Stepwise
multiple regression analysis indicated that fat mass (R =0.424) from
body composition parameters and counter movement jump (R =0.384)
from performance parameters best predicted BMD in adolescent girls.

DISCUSSION

This investigation shows that BMD is higher in strength-trained girls
compared to other studied groups, and BMD is associated with
measured counter movement jump values in adolescent girls. These
results are similar to our previous study with pubertal girls [1] and
demonstrate that specific physical activity pattern is important in
BMD development. Thus, although the general configuration of the
skeleton is genetically determined, the internal structure is in the
process of dynamic change according to external stimuli. In this
respect, gymnastic exercises appear to cause different adjustments to
the mechanostat [i.e., 5]. Experimental evidence demonstrates that
power athletes have superior BMD to endurance athletes, although the
bone response to mechanical loading is site specific [4, 5]. However,
the results of current investigation and our previous study [5] suggest
to start using specific physical activity exercises for the bone
development as early age as possible.

Another intereseting finding of present investigation is that the
amount of fat mass was another significant predictor of BMD in
adolescent girls. It is well known that body fat mass is a significant
predictor of BMD in middle-aged women [3]. However, it appears
that fat mass is already significantly related to BMD in adolescent
girls. This is in contrast to our previous study with pubertal girls [1],
where the most important body composition parameter that
determined BMD was fat free mass. In addition, in contrast to BMD
development, there appears to be no need for specific physical activity
pattern for the development of other body composition parameters as
there was no differences between studied groups in fat mass and/or fat
free mass values. These different aspects of the development of
different body composition parameters demonstrate that in addition to
physical activity pattern, the maturation is very important during
growth in girls.

In summary, the results of present investigation demonstrate that
the specific physical activity pattern is needed for the development of
BMD also during adolescent years in girls. In contrast, other body
compositional parameters appear not to be different in adolescent girls
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with different physical activity patterns. It can be concluded that BMD
is mostly determined by the capacity to generate muscle power from
the performance parameters and the amount of fat mass from body
composition parameters in adolescent girls.

ACKNOWLEDGEMENTS

This study was supported by the Estonian Science Foundation Grant
No. 5215.

REFERENCES

L.

Juriméde J., Jirimde T. (2004) Effect of different physical activity on
bone mineral density in pubertal girls: the role of body compositional
and muscle performance parameters. Papers on Anthropology XIII,
56-61.

Kemper H.C.G. (1995) The Amsterdam Growth Study. A longitudinal
analysis of health, fitness and lifestyle. Champaign, IL, Human
Kinetics.

Khan K., McKay H., Kannus P., Bailey D., Wark J., Bennell K.
(2001) Physical Activity and Bone Health. Champaign, IL, Human
Kinetics.

Slemenda C., Reister T., Hui S. (1994) Influences on skeletal mine-
ralization in children and adolescents: evidence for varying effects of
sexual maturation and physical activity. Journal of Pediatrics, 125,
201-207.

Stewart A.D., Hannan J. (2000) Total and regional bone density in
male runners, cyclists, and controls. Medicine and Science in Sports
and Exercise, 32, 1373-1377.

Tanner J.M. (1962) Growth at Adolescence (2nd edition). Oxford,
Blackwell Scientific Publications.



Papers on Anthropology XIV, 2005, pp. 132-136

THE MEASUREMENT OF BODY COMPOSITION
BY LIPOMETER AND BIOELECTRICAL
IMPEDANCE ANALYSIS IN SPORTSMEN

Toivo Jiirimée ', Karl Sudi ?, Doris Payerl 3 Jaak Jiirimde
Erwin Tafeit 3. Reinhard Méller’

' Chair of Sport Pedagogy, University of Tartu, Tartu, Estonia
? Institute for Sport Sciences, Karl-Franzens University, Graz, Austria
* Institute for Medical Chemistry and Pregl-Laboratory,
Karl-Franzens University, Graz, Austria

ABSTRACT

The aim of this study was to compare different body composition
parameters using a new LIPOMETER device and bioelectrical
impedance analysis (BIA) in sportsmen. In total 30 sportsmen
(21.743.1 yrs, 183.145.9 cm, 75.5 kg, BMI 22.6+2.0) were studied.
They were mostly presenters of endurance sport events or sport
games. Their body composition was measured by LIPOMETER
(Austria) measuring the subcutaneous adipose tissue thickness at
15 specified body sites (neck, triceps, biceps, upper back, front
chest, lateral chest, upper abdomen, lower abdomen, lower back,
hip, front thigh, lateral thigh, rear thigh, inner thigh, calf). The
body composition was also measured by multiple-frequency
bioelectrical impedance (BIA) device MULTISCAN-5000
(Bodystat Ltd, UK). The mean body fat % was slightly lower
measured by LIPOMETER compared with BIA (9.76+4.68 and
10.50£2.07% respectively; p>0.05). There are highly significant
relationships between body fat % measured by two different
methods (r=0.89). The correlation is also high between the two
different methods on the lean body mass (=0.87). We can
conclude that the body composition parameters measured by
LIPOMETER and BIA are similar in sportsmen.

Key words: LIPOMETER, BIA, sportsmen
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INTRODUCTION

As direct measurement of body composition in vivo is not possible in
living humans, a series of indirect estimates of body components have
been developed. Bioelectrical impedance analysis (BIA) method is an
appealing tool for assessment body composition because it is simple,
quick and inexpensive to perform. Theoretically, the BIA method is
based upon the relationship between the volume of conductor (i.e. the
human body), the conductor’s length, the components of the con-
ductor and its impedance [1, 7]. It is assumed that the total conductive
volume of the human body is equivalent to that of total body water,
most of which is contained in muscle tissue and that the hydration of
adipose tissue is minimal [1, 2]. The BIA method is highly accepted
for measurement body composition in sportsmen. For this purposes
several specific equations are presented [1]. However, different
equations that claim to be “generalized” to the general population do
not necessarily represent athletes unless they have been specifically
validated using athletic groups. Finally, the validity of BIA may be
particularly under threat with sporting groups due to temperature,
previous exercise and dehydration acting as confounding factors,
among many others.

A new computerized optical system (“LIPOMETER”) was deve-
loped in order to permit a non-invasive, quick, precise and safe
determination of the thickness of subcutaneous adipose tissue (SAT)
at specific body sites. The LIPOMETER measures a single, not
compressed, subcutaneous adipose tissue. The technical characteristics
of the device and a first validation of the results versus computed
tomography as standard for comparison have been published [S].
However, there is a lack of data about the possibility to use the new
device in sportsmen.

The aim of this study was to compare different body composition
parameters using a new LIPOMETER device and bioelectrical impe-
dance analysis in sportsmen.

METHODS

In total 38 sportsmen (21.7+3.1 yrs, 183.1+£5.9 cm, 75.5+7.2 kg, BMI
22.612.0) were studied. They all were sportsmen who exercised 4-6
times per week. They mostly were the presenters of endurance sport
events or sport games.
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Stature was measured using a Martin metal anthropometer in cm
(0.1 cm) and body mass with medical scales in kg (+0.05 kg) and
BMI (kg/m®) was calculated.

The design of the LIPOMETER, a computerized optical measuring
system for determining the SAT thickness, was described previously
[5]. LIPOMETER measurements were made for each individual at 15
specified body sites (neck, triceps, biceps, upper back, front chest,
lateral chest, upper abdomen, lower abdomen, lower back, hip, front
thigh, lateral thigh, rear thigh, inner thigh, calf). Subjects were
standing. Measurements were taken at the right side of: the body. The
coefficients of variation of subcutaneous adipose tissue layers are
ranging between 1.9% in front chest and 12.2% for rear thigh [6].

The body resistance was measured with a multiple-frequency
impedance device MULTISCAN-5000 (Bodystat Ltd, UK). Sports-
men were placed in a supine position with limbs slightly abducted.
Skin current electrodes were placed on the right dorsal surface at the
hand and feet at the metacarpals and metadarsals. Only the data
measured at 50 KHz (as a measure of: total body water) was used. Fat
free mass (FFM) was calculated using the Segal equation for male
subjects with an assumed body fat % of: less than 20% [8]. Fat mass
was calculated as the difference between body mass and FFM. Percent
of body fat mass was calculated as well. Both LIPOMETER and BIA
measurements were taken on the same day on the maximum of 30
minutes difference.

Standard statistical methods were used to calculate mean (X) and
standard deviation (+SD). Pearson’s correlation coefficients were used
to determine the relationships between LIPOMETER and BIA data.

Significance was set at p<0.05.

RESULTS

The mean body fat % and FFM parameters measured by LIPOMETER
and BIA are presented in Table 1. The mean body fat % was slightly
lower measured by LIPOMETER compared with BIA (0.76%), but the
difference is not statistically significant (p>0.05). Slight differences
between two methods were also on the FFM (p>0.05).

The Pearson correlation analysis indicate that there are highly
significant relationships between body fat % measured by two
different methods (r=0.89). The correlation in FFM between two
methods was also high (r=0.87).
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Table 1. The mean body composition parameters measured by LIPO-
METER and BIA in sportsmen (X+SD)

X+SD

LIPOMETER:

Fat % 9.76+4.68
LBM (kg) 67.93+6.21
BIA:

Fat % 10.50+2.07
LBM (kg) 67.02+5.56
DISCUSSION

The principle of measurement method by LIPOMETER and BIA is
different. The LIPOMETER is using the optical principle and BIA
electrical conductivity. However, our results indicate that the relation-
ship between two methods in sportsmen is high (r=0.87-0.89).

Several field methods have been recommended to monitor changes
in body composition. One of the more practical methods for predicting
percent body fat is the measurement at selected skinfold (SF)
thicknesses. All SF prediction equations in general use are based on
two-component model of body composition [4]. It is well recognized
that SF thickness equations for body composition assessment are very
population — specific and estimates of body fat obtained from different
regression equations may vary greatly among individuals [3]. The
LIPOMETER measurements connected with the measurement of the
subcutaneous fat tissue. However the fat tissue is not compressed. The
LIPOMETER is excellent for presenting subcutaneous adipose tissue
topography.

It can be concluded that the body composition parameters mea-
sured by LIPOMETER and BIA are similar.
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ABSTRACT

The socioeconomic and ideological changes that hit Western
Europe in the second half of thel18"-century did not leave Russia
unaffected. The increasing need for development of higher edu-
cation and science brought about the reopening of universities in
Tartu (1802) and Vilnius (1803) and the foundation of new
universities in Kazan (1804) and Kharkiv (1805) [17].

During the more than two centuries since their (re)opening and
formative years, a number of historical studies have been
published, some of which have also dealt with the formation of the
structure of medical faculties in these universities.

We are going to discuss the formation of the Faculty of Medi-
cine at the University of Tartu (the former Imperial University of
Dorpat) in order to elaborate and complement the earlier
publications.

Nowadays the history of universities cannot be considered
purely their internal affair. Therefore, it would be necessary, if
possible, to study the problem from the viewpoint of other older
Russian universities as well, in order to get a better overview for
common European history, including history of science.
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INTRODUCTION

During its more than 372 years of existence, the University of Tartu
has gone through a discontinuous and complicated route of develop-
ment; sometimes it has even changed its location (because of wars, it
has worked for shorter periods in Tallinn and Péarnu). The longest
stage in its history has been the period of the Imperial University of
Dorpat (or, from 1893, of Yuryev) within the Russian state (1802-
1918). During this period, the University of Tartu became one of the
leading universities of the world in natural sciences as well as in
medicine.

The achievement of such high standards was partly made possible
by the first professors at the Faculty of Medicine of the reopened
University of Dorpat (now Tartu). Along with necessary knowledge,
teaching skills and research talent, they had to have outstanding
organizing abilities [17].

However, a closer look at articles on the initial years of the
Imperial University of Dorpat reveals that the professors’ titles of
office and names of ancillary institutions of the university often differ
from the titles or names provided by the university statutes valid at
that time. Even the question how many ordinary professors the
Faculty of Medicine had at the time of reopening of the University in
April 1802 and during the first semester can yield different answers —
either two or three [2, 11]. This problem also needs clarification.

Considering all this, we are going to provide an overview of the
structure of the Faculty of Medicine in the years before and after the
reopening of the University as it was specified in the plan of
instituting the university (1799) and in its first statutes (1802, 1803).

In the second part of the article, we are going to look at how the
structure of the Faculty of Medicine was used by the university itself
in its lists of courses and the first annual reports of the Faculty of
Medicine. Thereafter, we are going to discuss the reasons for
differences in professors’ official titles and names of ancillary
institutions compared to the university’s first statutes and the inexact
numbers of both.

To get a comprehensive answer to the questions under discussion,
we will start with a flashback to the two periods of the Faculty of
Medicine of the University of Dorpat (Tartu) under the Swedish rule.
We will provide a brief overview of the work of professors of
medicine, their plans to found ancillary institutions and even founding
some of them.
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THE FACULTY OF MEDICINE AT THE SWEDISH
UNIVERSITY WITH TUITION IN LATIN

The first plans to found an institution of higher education in Livonia (a
historical region covering part of present-day Estonia and Latvia) —
initially only to train clerics — go back to the early 16™ century.
Unfortunately, these introductory steps were stifled by the Refor-
mation.

Despite numerous difficulties, war-torn Livonia got its own
university. It was opened in Dorpat (now Tartu) on 15 (25) October
1632 by permission of the enlightened Swedish king Gustavus II
Adolphus. In the fashion of the universities of the period, it had four
faculties: theology, law, medicine and philosophy.

From that time, the activity of the university has been interrupted
for several times for different reasons. Even the history of the Swedish
university, which operated in Latin, falls into two periods (Academia
Gustaviana Dorpatensis 1632-1665 and Academia Gustavo-Carolina
1690-1710). In these years, the university operated according to
statutes taken over from the University of Uppsala (of 1625 and 1665
respectively); the standards of tuition and research were similar to
those of other universities of the period [16].

The activity of the Faculty of Medicine in Dorpat was modelled
directly on the respective faculty at the University of Uppsala; the
curriculum and development of the latter, however, relied greatly on
the development of medicine in Western Europe, particularly in the
Netherlands.

The Faculty of Medicine in Dorpat (Tartu) was to have two
professors. One of them was to lecture on anatomy, botany and
physics, and the other taught illnesses and their treatment [12]. There
was to be a dissection annually. As the number of students at the
Faculty of Medicine was small (due to the long period of studies,
normally nine years), often only one professor was employed, and
sometimes there was none. All the professors of medicine met the
standards of the time, having been trained in the best universities of
Europe [16].

As early as at the beginning of the second period of the Swedish
university, Prof. Lars Micrander (?-17067) emphasized the
importance of visualization of teaching. He raised the question of
building a special “anatomy house” in Dorpat (Tartu) as in Uppsala,
where he had studied, an anatomical theatre had been built in 1662-
1663.
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The idea did not materialize, but the following Professor of
Medicine Jacob Friedrich Below (1669-1716, graduate of Utrecht
University) furnished an anatomy hall with in-built benches in the
main building of the university (the present 8 Jaani St in Tartu). To
visualize teaching and to satisfy public curiosity, he conducted the
first known dissections of human corpses in Dorpat, anatomizing the
cadavers of a man and a woman in the winter of 1697/1698. J. F.
Below understood the significance of the clinical method of teaching
and applied that a hospital (clinic) as a teaching and research
institution should be founded at the university, but his application was
rejected [10].

For one reason or another, several professors and graduates of the
Swedish-period university ended up in Russia. The first professor of
medicine in Dorpat Johann Below (1601-1669, studied at the
University of Rostock) was physician-in-ordinary to Grand Duke
Mikhail Fyodorovich from 1643-1651, and Jacob Friedrich Below
achieved fame as a doctor and scientist in the court of Peter I. The
graduate of the university Nikolaus Martini was physician-in-ordinary
to Empress Anna from 1735-1740.

As in these years the Russian Empire had not a single university,
they lacked an opportunity to pass on their knowledge in an academic
form. Still, the Swedish university in Dorpat (Tartu) could be
considered a link between Western Europe and Russia in the sphere of
medicine.

In addition to the above mentioned, several Dutch doctors who
worked in the territory of present-day Estonia (in Tallinn and Narva)
also reached Russia and had their role in the fact that the budding
medicine of 18™ century Russia forged close ties with the medicine of
Western Europe, particularly of the Netherlands.

Unfortunately, the activities of this university were severed
because of the Northern War and the epidemic of plague that broke
out in the summer of 1710 in Parnu, where the university had taken
shelter from the war eleven years earlier. The repeated attempts to
reopen the university failed, although the obligation to retain a
university in Livonia had been confirmed by Peter I in the act of
Livonia’s capitulation. Still, the reopening of the university was
postponed from year to year; only at the end of the 8™ century
opportunities opened up for it [16].
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DORPAT (TARTU) BECOMES A UNIVERSITY
TOWN AGAIN

Trying to curb the influx of the ideas of the French Revolution to
Russia, Emperor Paul I, in his ukase of 9 April 1798, forbade Russian
subjects to study at the universities of Western Europe and recalled
them to Russia within the following months. Simultaneously, the
Baltic knighthoods were given permission to quickly open a local
Protestant university for the whole of Russia but primarily for the
knighthoods of Estonia, Livonia and Courland and to choose the
location of the university by mutual agreement. From the beginning,
the university was to bear the name of an “imperial university”,
although it was to be financed by the knighthoods mentioned. The
representatives of the knighthoods drafted a plan for founding the
university but were unable to decide on its location. Finally, the
Senate was offered to choose between two towns — Mitau (Jelgava)
and Dorpat (Tartu). The Senate supported the latter because of its
central location in the Baltic provinces, favourable climate and
cheapness of foodstuffs, which was supposed to offer better
opportunities for less affluent parents to school their children. On 4
May 1799, Paul I approved the resolution of the Senate and the plan
for founding the university, which, in effect, became the provisional
statutes of the university [17].

STRUCTURE OF THE FACULTY OF MEDICINE IN THE
PLAN FOR FOUNDING THE UNIVERSITY (1799)

The plan provided for a total of 22 professors in the faculties of
theology, law, medicine and philosophy, and, in addition, lecturers in
several subjects, including the major languages. Thus, it covered the
main areas of knowledge of the period. Tuition was to be organized
mainly on the model of Western-European universities and the
University of Moscow [17].

The Faculty of Medicine was to have six ordinary professors and
the disciplines were divided between them as follows: (1) physiology
and pathology (Physiologie und Pathologie), (2) therapy and clinic
(Therapie und Klinik), (3) anatomy and forensic medicine (4natomie
und medicina forensis), (4) surgery and midwifery (Chirurgie und
Hebammenkunst) (5) botany and materia medica (study of medicinal
remedies) (Botanik und materia medica) and (6) chemistry and
pharmacy (Chemie und Phrarmazevtik).
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The plan for founding the university envisaged the foundation of
ancillary institutions at the faculties. The Faculty of Medicine was to
have (1) a clinical institute (Klinisches Institut) with 14 beds for the
treatment of therapeutic patients, (2) a surgical hospital (Wundarzney-
Krankenhaus) with 10 beds, (3) a maternity hospital (Entbindungs-
Anstalt) with six beds and a school for midwives (Hebammen-Schule),
(4) an anatomical theatre (anatomisches Theater) for dissections and
anatomical preparation with a prosector and two assistants, (5) a
chemistry laboratory (chimisches Laboratorium).

The work of these ancillary institutions was to be supervised by
ordinary professors teaching respective subjects; thus, the ordinary
professor of surgery and midwifery had to supervise simultaneously
the surgical and maternity hospitals.

The university as a whole was to have a library, a manege and a
dance hall. The plan also included the annual budget of the university,
which covered the expenses for the staff and for the ancillary
institutions [13].

PREPARATIONS FOR REOPENING THE UNIVERSITY

Preparations for launching the university and employing lecturers
followed as the opening of the university was planned for 15 January
1801 [17]. The first members of the Faculty of Medicine were
appointed to their posts on 14 December 1800. They were Ordinary
Professor of Anatomy and Forensic Medicine Martin Ernst Styx
(1759-1829, studied at the University of Jena) and Ordinary Professor
of Chemistry and Pharmacy Erdmann Heinrich Gottlob Arzt (1766?7-
1802, studied also at the University of Jena) [7].

While the preparations for opening not only the Faculty of
Medicine but also the whole university were in progress, Paul I
unexpectedly changed his mind and decreed on 25 December 1800
that the location of the university should not be Dorpat (Tartu) but
Mitau (Jelgava) as the knighthoods of Courland and Pilten had
submitted a respective application. However, the assassination of the
Emperor on 12 March 1801 prevented the execution of this order. On
12 April 1801, the new emperor Alexander I appointed Dorpat (Tartu)
again as the seat of the university. He substantiated it by the town’s
central location, its congenial environs, circulation of Russian
currency [9] and several other reasons, including the fact that there
had been a university in Dorpat (Tartu) before. The scales had tipped
in favour of Dorpat (Tartu) again, this time finally [17].
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Now, instead of opening of the university, it would be more
appropriate to speak about its reopening, actually its next reopening,
as the university had already closed down in 1665 and in 1710.

STRUCTURE OF THE FACULTY OF MEDICINE
IN THE UNIVERSITY STATUTES OF 1802

In the complicated situation before the reopening of the university, the
curators of the university (representatives of the Baltic knighthoods)
considered it necessary to make corrections and additions to the plan
of founding the university in order to strengthen their influence over
the University Council that consisted of professors. The university
statutes confirmed thereafter by the ukase of Alexander I of 5 January
1802 provided only 19 professors for all the four faculties; the number
of lecturers, however, had somewhat increased [17].

While the plan of founding the university had provided six posts of
ordinary professors for the Faculty of Medicine, the statutes confirmed
two years and eight months later had reduced their number to four. As
hygienic subjects had been added, the number of disciplines taught by
the faculty had grown. They were now distributed between the ordinary
professors as follows: (1) anatomy, physiology, surgery and midwifery
(Anatomie, Physiologie, Chirurgie und Hebammenkunst),; (2)
pathology, semiotics, therapy and clinic (Pathologie, Semiotic,
Therapie und Clinic); (3) dietetics, state and popular medicine and
materia medica (Didtetic, Staats- und populdre Arzeney-Wissenschaft
und materia medica);, (4) chemistry and pharmacy (Chemie und
Pharmacevtik) [15]. The third professor mentioned was to lecture on
the main disciplines of hygiene and forensic medicine, which were
collected under the name of state medicine [5].

The new statutes did not bring about any changes in the names of
the five ancillary institutions that the Faculty of Medicine was meant to
have. In supervision of their work, some changes were introduced that
were caused by the new division of subjects between the ordinary
professors.

The new statutes provided that the ordinary professor of anatomy,
physiology, surgery and midwifery, who had to lecture on four greatly
different disciplines, had to supervise simultaneously three ancillary
institutions: the anatomical theatre, the surgery hospital and the
maternity hospital [15].

In addition to the two professors of the Faculty of Medicine who
had been appointed earlier, the third was employed on 27 February
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1802, i.e. a month and three weeks before the reopening of the
university — Ordinary Professor of Pathology, Semiotics, Therapy and
Clinic Daniel Georg Balk (1764—1826, had studied at the universities
of Konigsberg and Berlin) [7].

ON THE UNIVERSITY THAT REOPENED IN DORPAT
(TARTU) IN APRIL 1802

The preparations for reopening the university reached their end in
April 1802 when, in addition to the first professors employed, the first
students were enrolled from 5 April. On 21-22 April, the University
of Dorpat (Tartu) was festively re-opened after a long interval of 102
years and 9 months.

On 1 May, work began in the four faculties of the only German-
language university of the Russian Empire with 9 professors and 19
students [17]. The Faculty of Medicine started with three ordinary
professors (M. E. Styx, E. H. G. Arzt, D. G. Balk) instead of four; all
of them were engaged in teaching during the first semester, which
lasted for two months [1]. The post of the professor of anatomy,
physiology, surgery and midwifery remained vacant. The number of
students at the Faculty of Medicine during the reopening of the
university was a modest three; by the end of the first semester, it grew
to six [4].

In the first years after the reopening, the university suffered not
only from a shortage of lecturers who would have met the
requirements but also from lack of suitable rooms. Classes were held
in private houses and flats given to the university for use or rented for
that purpose. Therefore, the construction of new, up-to-date buildings
became topical, as the number of students was growing fast. First, the
construction of the Anatomical Theatre (the central part of the present
Old Anatomical Theatre — the rotunda covered by a dome) started in
June 1803 on the southwestern side of Toome Hill [17].

At that time, there were no stable obligatory curricula at the
university. The duration of studies had not been fixed, although at the
Faculty of Medicine it was initially two years. Checking of knowledge
acquired by the students was superficial and unsystematic. Along with
obligatory lectures, professors gave students individual tuition and
rarely supervised some practical work [17]. Thus, a number of
problems concerning the organization of studies had to be solved.

The faculties of theology and law made the Imperial University of
Dorpat different from other Russian universities of the early 19"
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century. At that time, the training of clerics in the Russian Empire was
only the duty of seminaries administered by the church. Independent
faculties of law were formed in other universities only after the
adoption of the common statutes of universities in 1835; until then
juridical disciplines were taught at the faculties of philosophy.

These existence of these two faculties explains why the Baltic
provinces needed their own university — it had to train Protestant
clerics and teach local law, which was not done in Jena, Géttingen or
elsewhere [8].

After good contact had been established between Vice-rector, later
repeatedly Rector of the university Georg Friedrich Parrot (1767-
1852, studied at the University of Stuttgart) and Emperor Alexander I,
the latter, on 12 December 1802, officially took the university under
his special protection. Although the university was fully subjected to
the Ministry of Education, it retained extensive internal autonomy.
Such patronage by the emperor led to a multiple increase in state lands
allotted to the university and allocation of funds from the State
Treasury for annual expenses — for construction of university
buildings and carrying out research [17].

STRUCTURE OF THE FACULTY OF MEDICINE
IN THE UNIVERSITY STATUTES OF 1803

In order to improve the structure and administration of the university,
its next statutes were confirmed on 15 September 1803. The curators
were excluded from their drafting [17) The new statutes provided four
ordinary and two extraordinary professors for the Faculty of Medicine.

The disciplines taught were divided between the ordinary
professors as follows: (1) anatomy, physiology and forensic medicine
(Anatomie, Physiologie und gerichtliche Arzney-Wissenschaft);, (2)
pathology, semiotics, therapy and clinic (Pathologie, Semiotik,
Therapie und Klinik); (3) dietetics, materia medica, history of medi-
cine and medical literature (Didtetik, materia medica, Geschichte der
Medicin und medicinischen Literatur); (4) surgery and midwifery
(Chirurgie und Hebammenkunst). In addition, there was to be a post
for an extraordinary professor of veterinary art (Thier-Arzneykunst).
Under the statutes of 1803, the prosector of the anatomical theatre got
the rights of an extraordinary professor [14]. Thus, the teaching staff
provided by these statutes was quite numerous for the time. In total,
the statutes provided for the posts of 29 professors and 12 lecturers.
Compared to the 1804 statutes of Moscow University, which provided
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for 28 professorships, the University of Dorpat (Tartu) could be very
satisfied; theology even got more professorships (four) than in
Moscow (two) [17].

The 1803 statutes introduced some changes in the ancillary
institutions of the Faculty of Medicine. As the teaching of chemistry
and pharmacy was transferred to the Faculty of Philosophy, the
chemistry laboratory was included among the ancillary institutions of
that faculty. The Faculty of Medicine, however, was to have a
collection of anatomic specimens (Sammlung anatomischer Pripa-
rate) and a study room of pathology (pathologisches Cabinet). The
former was to be supervised by the professor of anatomy, of the latter
— by the professor of pathology. The collection of anatomical
specimens was to be accommodated in the anatomical theatre; the
location of the pathology study room was not specified. The clinical
institute and the surgical hospital envisaged in the plan of foundation
of the university were in the 1803 statutes renamed the medical
clinical institute (medicinisch-klinisches Institut) and surgical clinical
institute (chirurgisch-klinisches Institut). According to the statutes,
these ancillary institutions with their new names and the maternity
hospital and the anatomical theatre were to be headed by ordinary
professors who taught respective subjects. Two ancillary institutions —
the surgical clinical institute and the maternity hospital — were thus to
be in charge of the ordinary professor of surgery and midwifery [14].

In 1804, the extraordinary professor of veterinary art obtained the
status of an ordinary professor. At the request of the University
Council, he also was to teach midwifery that was taken away from the
ordinary professor of surgery and midwifery [17]. These changes
meant that the ordinary professor of midwifery and veterinary art had
to be in charge of the maternity hospital and the ordinary professor of
surgery — of the surgical clinical institute.

The next statutes of the university, which introduced small changes
and additions to the 1803 statutes, were confirmed in June 1820. They
became the legal basis for the activities of the university in the following
period (1820-1865) [17].

THE STRUCTURE OF THE FACULTY OF MEDICINE IN
THE LISTS OF COURSES OF THE INITIAL YEARS
OF THE REOPENED UNIVERSITY

Next, we should regard the lists of courses of the initial years of the
university, in order to see how they present the professors’ titles of
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office and the names and numbers of ancillary institutions. In addition,
we attempt to find an answer to the question about the ordinary pro-
fessors who worked at the Faculty of Medicine during the first semester.

The list of courses for the first semester of 1802 gives the staff of
the Faculty of Medicine as follows: M. E. Styx — Professor of State
and Popular Medicine (Professor der Staats- und populairen Arzney-
Kunde), D. G. Balk — Professor of Pathology and Therapy (Professor
der Pathologie und Therapie) and E. H. Arzt — Professor of Chemistry
(Professor der Chemie) [1].

In the autumn semester of the same year: Dr. Styx — Professor of
State and Popular Medicine as well as Dietetics (Professor der Staats-
und populdren Arzneykunde, wie auch der Didtetik); Dr. Balk —
Professor of Pathology, Therapy and Clinic (Professor der Pathologie,
Therapie und Klinik) [20].

Here it should be mentioned that, according to the valid university
statutes, the professors presented in these lists of courses should have
been referred to as ordinary professors. Their titles are also consi-
derably shorter than provided by the university statutes of 1802. Thus,
in the spring term, the professors’ titles twice include only two
subjects instead of four, and once instead of two subjects — one. In the
autumn term, however, twice only three subjects out of four are listed.

The list of courses for the autumn term of 1803 included the
following professors of the Faculty of Medicine: Dr. M. E. Styx —
Ordinary Professor of Dietetics, Materia Medica, History of Medicine
and Medical Literature (ordentlicher Professor der Didtetik, Materia
medica, Geschichte der Medicin und der medicinischer Literatur); Dr.
D. G. Balk — Ordinary Professor of Pathology, Semiotics, Therapy and
Clinic (ordentlicher Professor der Pathologie, Semiotik, Therapie und
Klinik); Dr. H. F. Isenflamm (1771-1825, studied at the University of
Erlangen) — Ordinary Professor of Anatomy, Physiology and Forensic
Medicine (ordentlicher Professor der Anatomie, Physiologie und
gerichtlichen Arzneykunde). Earlier he had been, from 20 March 1803,
ordinary professor of anatomy, physiology, surgery and midwifery
according to the 1802 statutes that were valid then [19, 7].

Michael Ehrenreich Kauzmann (1769-1816, studied at the
University of Erlangen) who had been appointed Prosector of the
Anatomical Theatre from 20 May 1803 became after the implemen-
tation of the 1803 statutes Extraordinary Professor and Prosector of
the Anatomical Theatre (ausserordentlicher Professor und Prosector
des anatomischen Theaters) [7, 19]. This title was used in the
university list of courses when he was first mentioned among the staff
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of the Faculty of Medicine in the autumn term of 1803. Thus, M. E.
Kauzmann can be considered the first prosector throughout the times
and also the first prosector within the rights of an extraordinary
professor at the Medical Faculty of Tartu University as well as at the
Anatomical Theatre.

The spring semester of 1805 was the first time when the list of
ancillary institutions given at the end of the list of courses included
two institutions of the Faculty of Medicine: the medical hospital (das
medicinishe Krankenhaus) and the surgical hospital (das chirurgische
Krankenhaus). In the autumn term of the same year, these were
complemented by the maternity hospital (die Entbindungsanstalt), the
anatomical collection (die anatomische Sammlung) and the
pathological collection (die pathologische Sammlung). According the
1803 statutes, the first two of them should have been called the
medical clinical institute and the surgical clinical institute, the two last
ones, however — the collection of anatomical specimens and the
pathology study room. From the spring semester of 1809, the list of
ancillary institutions published at the end of the list of courses
included the general academic hospital (das allgemeine akademische
Krankenhaus), the surgical clinic (das chirurgische Klinikum) and the
obstetrical clinic (das geburtshiilfliche Klinikum), which, according to
the statutes, should respectively have been the medical clinical
institute, the surgical clinical institute and the maternity hospital. The
anatomical theatre (das anatomische Theater) appeared in the list of
ancillary institutions for the first time as late as in the autumn semester
of 1810, although it had been envisaged in the plan of founding the
university and its first two statutes [21, 14]. Actually, the anatomical
theatre was in operation already in 1803-1805 in a private house
rented and equipped for that purpose (the present 2 Struve St.) [6] and
from September 1805 in a specially constructed building on Toome
Hill that is known nowadays as the Old Anatomical Theatre [17].
When the anatomical theatre appears in the list of ancillary
institutions, the anatomical collection is excluded from it, but the
pathological collection (die pathologische Sammlung) remains,
although, as we already know, according to the last statutes, it should
have carried the name of the pathology study room [19, 21].

Here, we might add that in 1886-1887 a new building was
constructed for the Faculty of Medicine. It was meant for the institutes
of physiology and pathology and received the name of the New
Anatomical Theatre [17]. After its completion, Dorpat (Tartu) became
a university town with two anatomical theatres — the old and the new.
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The other ancillary institutions of the Faculty of Medicine — the
medical clinical institute, the surgical clinical institute and the
maternity hospital — started working in 1804-1806, also in rented
rooms. All of them were among the first at the universities of Russia.
In 1808 they were accommodated in a building on Toome Hill, which
was remodelled from a former barracks, and remained there for a
longer time [12]. At present the building houses the Supreme Court of
the Republic of Estonia.

THE STRUCTURE OF THE FACULTY OF MEDICINE
IN ITS FIRST ANNUAL REPORTS

In the annual reports of the Faculty of Medicine that can be found
among the materials of the Learned Council of the University (the first
of them were written for the years 1803 and 1804), the titles of
professors and the names of ancillary institutions and their numbers
fully correspond to the university statutes valid at that time [3].

CONCLUSION

The plan for founding the university (1779) and its first statutes (1802,
1803) provided a fixed number of professors (ordinary and
extraordinary) and ancillary institutions for all the faculties, including
the Faculty of Medicine, and specified their titles of office and names.
Here one might ask why their inexact variants that were inconsistent
with the statutes came into use, and from what time onwards these
began to spread into various publications, as they have done until the
present time. As the ordinary professors’ titles included the names of
all the obligatory subjects they lectured on, they were rather long.
Some of the first professors of the Faculty of Medicine taught up to
four subjects. This may be one of the reasons why the names of some
of the subjects taught have been omitted in the studies dealing with the
initial years of the Faculty of Medicine. For the same reason, the
shortened names of ancillary institutions may have come into use.

The emergence of titles of office and names of ancillary
institutions and their numbers that differed from the statutes could also
have several other reasons. During a relatively short time, different
statutes introduced several changes in the official structure of the
Faculty of Medicine. Because of the small number of copies, the
acquisition of the statutes could have been difficult even in the years
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after the university’s reopening, and became even more difficult for
later researchers.

The lists of courses for the first semesters of the university had a
wider circulation, and this can be a reason why the inexact titles of
professors and names of ancillary institutions were transferred from
year to year and from one publication into another, and different
authors amplified the misinformation in the course of time.

No lists of courses in German have been found for the spring
semester of 1803, but from the autumn term of the same year, the
titles of both ordinary and extraordinary professors fully correspond to
the valid statutes.

The names of ancillary institutions of the Faculty of Medicine
gradually appeared in the lists of courses only from the spring
semester of 1805, and their names differed from those fixed in the
statutes and remained so for a longer period. The anatomical theatre,
which was the first among the ancillary institutions of the Faculty of
Medicine to start working, was the last to appear in the list of courses
— as late as in the autumn semester of 1810 — but it was the only one
that was called by the name as it was fixed in the statutes.

The discrepancies between the names of other ancillary institutions
in the lists of courses and in the statutes could be explained by the
professors’ engagement in organizational matters. They devoted their
attention to renting or building the necessary rooms, and after that to
finding an appropriate name for the structural unit of which they were
in charge.

As the lists of courses for the first years included only the filled
positions and the operative ancillary institutions, their numbers also
differed from those provided by the statutes.

In addition, we might say that several researchers (historians of
science) have, when discussing the history of one or another subject
taught by the Faculty of Medicine, used the plan for founding of the
university from 1799 or even the statutes of 1803 instead of the statutes
of 1802. This is also a reason why the professors’ titles of office or
names or numbers of ancillary institutions differ from the actual ones.

One of the most detailed overviews of the quarter of century after
the reopening of the university was compiled under the supervision of
the then rector J. P. G. von Ewers. There the professors’ titles of office
are initially in full correspondence with the 1799 plan for founding the
university and the statutes of 1803, but afterwards, for some reason(s),
shortened variants of titles and names of ancillary institutions
differing from the statutes appear [2].
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We should also mention that, while discussing the structure of the
Faculty of Medicine before the reopening of the university or in the
first decades after the reopening, it is incorrect to use the term ‘chair’
for the positions of ordinary professors. This term was introduced for
all faculties only in the Russian version of the 1820 statutes of the
Imperial University of Dorpat [18]. The chairs of that time differed
essentially from the chair as the lowest structural unit at Soviet
universities as we remember it from the recent past.

Although it was difficult to find good lecturers for Dorpat (Tartu),
the university managed to invite and employ the three first ordinary
professors for the Faculty of Medicine by the time of the reopening —
(in temporal sequence) M. E. Styx, E. H. G. Arzt and D. G. Balk.
Instead of the four professors provided by the statutes, the three of
them taught all the subjects of the Faculty of Medicine. Thus, we have
found an answer to the question about the names and number of the
first ordinary professors of the Medical Faculty after the university’s
reopening in April 1802. After the unexpected death of Prof. Arzt by
drowning, the number of professors fell to two, but in eight months, in
March 1803, it started to grow again. In a few years, from the spring
semester of 1805, all the six posts of professors provided by the
university statutes (three theoretical and three practical) were filled.

The reopening of the University of Tartu and the following years of
its organizational formation had fundamental historical significance. A
centre of higher education and science based on the principles of the
Enlightenment was established, which was to have a great future in the
development of science in Russia and internationally [17].

The reopening of the University of Tartu and its initial years of
operation are likely to be discussed by researchers in the future as
well. Therefore, we considered it necessary to present, as an appendix
to this article, the titles of the first professors and the names of the
ancillary institutions of the Faculty of Medicine and their numbers in
the form of tables — according to the plan for founding the university
(Table 1) and its first statutes (Tables 2 and 3). In the case of filling
the positions, each table provides the names of professors and the
dates of their appointment.

Application of the results of the present piece of research may
contribute to greater precision and consistency in the publications dealing
with the structure of the Faculty of Medicine at the University of Tartu
(the former Imperial University of Dorpat) and prevent the spread of
existing inexactitudes and emergence of new ones in future publications
dealing with the problem.
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TITLES OF OFFICE OF THE FIRST PROFESSORS AND NAMES
OF ANCILLARY INSTITUTIONS OF THE FACULTY OF
MEDICINE OF THE UNIVERSITY OF TARTU (THE FORMER
IMPERIAL UNIVERSITY OF DORPAT)

Table 1. Posts of ordinary professors and ancillary institutions provided
for the Faculty of Medicine in the plan of founding the university
(confirmed on 4 May 1799)

Title of office Ancillary institution |[Name and date of
appointment

1. Ordinary Professor
of Physiology and
Pathology
2. Ordinary Professor | 1. Clinical Institute -
of Therapy and Clinic
3. Ordinary Professor | 2. Anatomical M. E. Styx
of Anatomy and Theatre 14 Dec. 1800
Forensic Medicine
4. Ordinary Professor | 3. Surgical Hospital
of Surgery and 4. Maternity Hospital
Midwifery with a school of

midwives
5. Ordinary Professor
of Botany and Materiae
Medicae (study of
medicinal remedies)
6. Ordinary Professor |5. Chemistry E.H.G. Arzt
of Chemistry and Laboratory 14 Dec. 1800
Pharmacy

20
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Table 2. Posts of ordinary professors and ancillary institutions provided
for the Faculty of Medicine in the 1802 Statutes of the Imperial

University of Dorpat

Title of office

Ancillary institution

Name and date of
appointment

1. Ordinary Professor
of Anatomy,
Physiology, Surgery
and Midwifery

1. Anatomical Theatre
2. Surgical Hospital
3. Maternity Hospital

H. F. Isenflamm
20 March 1803

2. Ordinary Professor
of Pathology,
Semiotics, Therapy
and Clinic

4. Clinical Institute

D. G. Balk
27 Feb. 1802

3. Ordinary Professor
of Dietetics, State and
Popular Medicine and
Materiae Medicae

M. E. Styx

4. Ordinary Professor
of Chemistry and
Pharmacy

5. Chemistry
Laboratory

E. H. G. Arzt
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Table 3. Posts of professors and ancillary institutions provided for the
Faculty of Medicine in the 1803 Statutes of the Imperial University of

Dorpat

Title of office

Ancillary institution

Name and date of
appointment

a) Ordinary Professors

1. Ordinary Professor

1. Anatomical Theatre

H. F. Isenflamm

of Dietetics, Materiae

of Anatomy, 2. Collection of

Physiology and Anatomical

Forensic Medicine Specimens

2. Ordinary Professor | 3. Medical Clinical D. G. Balk
of Pathology, Institute

Semiotics, Therapy and |4. Pathology Study

Clinic Room

3. Ordinary Professor M. E. Styx

Medicae, History of

Medicine and Medical

Literature

4. Ordinary Professor | 5. Surgical Clinical
of Surgery and Institute

Midwifery 6. Maternity Hospital

b) Extraordinary
Professors

1. Extraordinary
Professor of Veterinary
Art

2. Prosector of the
Anatomical Theatre,
Extraordinary Professor

M. E. Kauzmann

20 May 1803,

initially only Prosector
of the Anatomical
Theatre, according to
the 1802 Statutes that
were valid during his
appointment
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RESULTS OF THE ANTHROPOMETRIC
MEASUREMENTS OF PATIENTS WITH
A TRANSPLANTED KIDNEY
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ABSTRACT

At the Department of Internal Medicine (Nefrology) of Tartu
University Hospital patients with transplanted kidney were
measured anthropometrically (females n-16, males n-12) two
times: firstly after transplanting the kidney and secondly on
average after 21 months. Changes of the body build were analyzed
in the period of after transplanting. Certain increase of the body fat
content was detected which was evidently caused by the reduction
of uremic phenomena and the improvement of appetite.

Key words: body height, body weight, anthropometric variables,
chronic renal failure patients, body composition

INTRODUCTION

For the first time female and male patients with a transplanted kidney
were measured in the Department of Nefrology using the
anthropometric measurement methods. The results of measurement
will be linked to biochemical indicators and the continent’s eating
habits research in the further analysis [5].

Unfortunately there are few references in literature about the
results of the measurements of the body build of the patients with a
transplanted kidney [3, 4]. Scientific research has shown that patients
with chronic kidney insufficiency when the kidney functions decline



L. Kiisk, M. Lintsi, S. Mesikapp, E. Seppet, M. Ots 157

have a danger of cardiovascular complications [1]. The risks are
moderate albuminuria, the increase of the serum’s creatinine, diabetic
nefropathy, secondary hypertension, anemia and excess weight. The
risk factors of chronic kidney insufficiency are also hypertension,
hyperglucemia, hyperlipidemia and genetic disposition. With
decreasing microalbunuria, proteinuria it is possible to improve the
kidney function [2].

On the basic of literature more research of the population has been
made stressing the need to have a more profound research of the
chemical content of the body general medicine. Researchers and
clinicians from many countries have been interested the measurement
of body fat and adipose in the form of triglyceride [7]. Body weight
increase was accompanied by increase in bone mass, muscle mass and
fat mass. Dual- energy x- ray absorptiometry are used for routine in
clinical care and can be used to validate other methods of measuring
body fat [6]. Waist circumference and the ratio of waist circumference
to hip circumference are similarly correlated with measures of risk
factors for coronary heart disease. Waist and hip circumference and
waist to hip ratio are important be useful in clinical practice.

MATERIAL AND METHODS

The study was carried out in 2003-2005 in Tartu University Hospital
in renal transplant patients. The subjects of the study were 28 renal
transplant patients: 12 males age of 42.8 +16.1 (min 18- max 70) years
and 16 females age of 47+14.9 (min 21- max 71). Anthropometrical
measurements were provided by renal transplant patients in dynamic.
The mean time from kidney transplantation was mean 18-21 months.

The following anthropometrical methods were assessed: body
weight (kg) and height (cm), body mass index (kg/mz), body fat mass
(%) and total body mass in kg by hand- hand bioimpedance Omron
BF 300 body mass monitor, 3 heights; 8 breadth and 2 depth
measurements, 13 circumfrences, 11 skinfolds. All the measurements
were taken by a well- trained anthropometrist.

The data were processed using the SAS- system at the Institute of
Mathematical Statistics, University of Tartu, by one of the authors of
the paper, Mare Vihi MSc. Comparison of means (t-test) and
correlation analysis were performed. Statistical significance was
accepted ad p<0,05.
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RESULTS

In the study there were 28 renal transplant patients (females n- 16 and
males n- 12). The measurement results obtained at the beginning of:
research (I) were compared with the results obtained at the end of
research (II). We can see that the mean weight of: female patients had
grown a little but not significantly (mean weight from 74.18kg to
76.57kg, p- value 0.0779). The mean height of female patients is
dynamic and it decreased by 1.5 cm which can be caused by posture
or habitus of: female patients (mean height 164.94 cm to 163.44cm, p-
value 0.0001). Upper limb length and length of spina iliaca anterior
superior do not have essential changes. Mean biacromial breadth,
chest breadth, waist breadth, humerus breadth, wrist breadth, femur
breadth and ankle breadth do not have essential changes. In pelvis
breath (p—0.0351) female patients had an insignificant change which
was evidently caused by the changes in the thickness of the
subcutaneous fat tissue. In chest depth and abdomen depth no signi-
ficant changes were found (p > 0.05). In the head and neck circum-
ference of: the female patients there was an insignificant change
(p—0.0289, p-0.0357). The circumferences: upper chest circum-
ference, hip circumference, proximal thigh circumference, middle
thigh circumference, upper leg circumference, lower leg circum-
ference, arm circumference (flexed and tensed) and wrist circum-
ference there were no significant changes. Mean arm circumference
(relaxed) had essentially decreased (p—0.0288). Forearm circum-
ference had essentially increased (p-0.0348). The mean results of
measuring 11 fat folds had not changed significantly. The assessment
of the fat content of the body showed one-direction significant change
of increasing: mean body fat % by OMRON (33.2-34.97%, p-
0.0040), mean body fat in kg by OMRON (26.42-28.51 kg, p-
0.00380). In the dynamics the body mass index changed significantly
27.17-28.55 kg/m” (p-0.0081), which was caused by the increase of:
the fat content and the big age variation of the measured subjects (age
18-70).

In looking at the characteristics of men we can see that while the
female patients’ weight did not change significantly, then the weight
of male patients increased significantly (mean 75.34-83.34kg).
Already the beginning of measurements was characterized by a big
variation in body weight (57.10-134.10 kg), it was also the same at
the end of measurements (61.15-138.10kg). The change of the mean
weight in the second (II) research was in comparison with the first (I)



L. Kiisk, M. Lintsi, S. Mesikapp, E. Seppet, M. Ots 159

research statistically significant (p—0.0021). The men’s height
(p—0.0007) had decreased by 1.29 cm during repeated measurements.
There were no essential changes in the upper limb length and the
length of spina iliaca anterior superior. In breadth and depth
measurements statistically significant were biacromial breadth, pelvis
breadth and ankle breadth.

In connection with the increase of body weight significant increase
also characterized hip circumference (mean 99.18-102.95 c¢m), upper
leg circumference (mean 34.15-36.65cm), arm circumference
(relaxed, mean 30.68-32.21; p-0.0354) and arm circumference
(flexed and tensed, mean 32.53-34.61; p—0.0224). The skin measure-
ment results showed a different tendency. Out of 11 measured folds
only 5folds changed statistically significantly in the direction of
increasing: chin, chest, subscapular, biceps and triceps skinfolds. In
the case of the fat content of the male patients the body mass index
changed significantly 24.63—27.63kg/m2. OMRON BF 300, increased
at the cost of the circumferences

In conclusion it may be said that all the patients retained a
subjectively satisfactory general state of health during observation.
Also, objectively no essential worsening of the kidney function was
detected during the observation period. Because of the above said, we
think that certain increase of the body fat content detected as a result
of anthropometric measurements could be connected with the
reduction of the uremic phenomena, improvement of appetite and the
increase of the amount of food.
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INTRODUCTION

It is each nation’s and the state’s task to monitor the nation’s health
and physical development [3, 4, 6, 7]. Anthropometric research is one
of the possibilities. When assessing the children’s physical
development of the body, it is possible to get an overview of their
state of health [1]. Many different authors consider the children’s
bodily development a general indicator of health [2, 8]. The authors of
the present article try to prognose the body mass and the height taking
into consideration the birth weight, height, the circumference of the
head, also age.

MATERIAL AND METHODS

In the present article the data of the height and the body mass of
children delivered timely, in normal single births in the years 1989-
1997 have been used. The data were collected during 1997 in the
framework of the project ‘‘Growth and growth disturbances’ in
cooperation with the Centre for Physical Anthropology, pediatricians
and centres of family doctors [5].

The data have been collected in 18 outpatient clinics or centres of
family doctors. When making the selection, the authors tried to
guarantee that the sample should contain both urban and rural
children, so that all the regions might have been represented. In bigger
towns (Tallinn, Tartu) as many different districts as possible have
been selected to include children who live in blocks of flats. To
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guarantee the fact that all the age groups in the district are represented,
in collecting the data the principle of the doctor’s service area has
been used, i.e. the data have been collected in each service area. As a
result of such a selection, the authors can use the data of 7,182
children (3,517 girls and 3,665 boys) containing each child’s body
mass, height and the circumference of the head in the age from birth to
two years (included). To obtain the data, the authors have used the
children’s outpatient health cards which contain the result of
measurements made in the process of ordinary routine work. In the
present paper the authors have used all the measurements of each
child made until the child became two years old (including the
measurements of a two-year-old child).

When analysing the results, it is necessary to take into conside-
ration the fact that measurements have been made by different people,
consequently the correctness of measuring height is £0.5 cm. In mea-
suring and recording weight the correctness of +£50 g has been conside-
red. As the database is sufficiently large, the results presented should
give a truthful overview of the children’s weight and height in the given
period. For all the 0-2-year-old-children the age has been indicated in
months and for each age the arithmetical mean and the standard
deviation values have been supplied. The child’s age at the time of
measurement is calculated in days on the basis of which the children are
grouped by age in months following the principle: the children are one
month old in 15-45 days, months old 46-76 days, etc. The uneven
distribution of children into age groups is caused by the fact that
children are not measured and weighed after necessary time intervals.

For statistical processing of data, the program SPSS version 12.0.1
was used.

The boys’ and the girls’ weight and height are statistically
significantly different (p< 0.05).

In prognosing the three methods are used:

(1) the authors estimate the weight and height of the first two
years of age depending upon birth weight, height and the
circumference of the head with the help of one model;

(2) the authors estimate the weight and height of the first year
depending upon birth weight, height and the circumference of
the head;

(3) the authors estimate the weight and height of the second year
depending upon the birth weight, height and the circumerence
of the head.

Respectively these are Prognosis 1, Prognosis 2 and Prognosis 3.
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RESULTS AND THE DISCUSSION

The aim of the analysis is to estimate the change of height and weight
according to birth data (birth weight, birth height and the birth
circumference of the head) taking also into consideration the gender
(boy- 0 and girl- 1) and the age in months. Another aim is to give an
overview of the way how birth data influence the child’s further
growth (height and weight). When drawing up a model, each
measurement is taken as a separate object and one child’s
measurements are not viewed longitudinally. Consequently, the
database contains 62,775 measurements and the most important
descriptive statistical aspects of measurements are given in Table 1.

Table 1. Descriptive statistics

Minimal | Maximal Standard
No Mean L
value value deviation
Birth weight 62775 2000 5000 3507.44 | 473.854
Birth height 62775 40.00 60.00 50.6420 | 2.29116
C of head 58700 29.00 41.00 35.5455 | 1.44278
Height 62775 46.0 103.0 68.623 8.9412
Weight 62775 2.3 20.0 8.278 2.4940

Although the new-born children with the weight lower than 2 kg and
above 5 kg were left out from the database, there were many
exceptions in drawing up models and they were discarded in
conformity with the values of standardized remainders which were
having a bigger absolute value than 3. When presenting a model, the
model’s shape and the determination coefficient R? are given. With
the purpose of making the model able to better estimate the
measurements of children of different ages, the child’s age (in
months) and also its quadratic term have been introduced into the
model because growth does not take place in a linear manner. Linear
models were also drawn up but these models did not allow so exactly
to estimate the child’s measurements at the end of the selected age
period. An example can be given of the model for estimating the
weight of the second year where the determination coefficient of the
linear model was 0.35 and 0.66 in the case of the model with a
quadratic term which was two times bigger. In addition to models,
also the graphic presentation or the so-called growth graphs with the
values of medium weight and height for the two periods of age are
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given. When the changes in weight and height were prognosed during
the first two years of life, using Prognosis 1, the result was the
following model:

(1.1) Weight = -0.409 + 0.001 (Birth weight) + 0.026 (Birth height) +
0.026 (Birth C of head.) —-0.421 (Gender) + 8.752 (Age) —-2.247
(Age?)

R*=0.89

(1.2) Height = 35.321 + 0.002 (Birth weight) + 0.231 (Birth height) +
0.043 (Birth C of head.) —1.123 (Gender) + 30.535 (Age) —
7.138 (Aged).

R?=0.93

All the characteristic features are statistically significant (p< 0.05). as
the birth weight is expressed in grams, an impression may be received
as if it has a very small impact which is not the case. It can be seen in
models if the birth weight is 100g bigger, the child is on average 100g
heavier and 0.2 cm longer. Comparing the birth weight with the
contribution, it is natural that the birth height has a bigger influence on
height and the birth weight on weight. It is also important if the birth
weight and the birth height are bigger, the further weight and height
will also be bigger.

When the circumference of the head is 1cm bigger at birth, it adds
26g to the weight and 0.04 cm to the height which is not very much.
Consequently, we may suppose that the children with a bigger
circumference of the head are heavier than the children with a smaller
circumference of the head, but the heights do not differ notably.

On average, the difference in weight of boys and girls is 421 g and
the difference in height 1.12 cm while the boys are heavier and taller
than girls. The quadratic term age starts decreasing the growth of
weight from the 4" month of life, in the case of height from the 5"
month of life. Figures 1 and 2 present the average prognoses of weight
and height corresponding to age.
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Figure 1. The mean prognosed value of weight in the first two years.

Height

80 |- -
70 | -

:m)

50 | -

24
Age in months

Figure 2. The mean prognosed value of height in the first two years.

Now we shall investigate the first and the second year of life
separately to see whether the changes of weight and height are
different ( Prognosis 2 and Prognosis 3). In the models of the first year
there were 48,951 data, in the second year 3,415 but the data for the
second year, however, are sufficient. One of the reasons for the
scarcity of data is irregular measurement of small children by the
family doctor. In the second year of age there was no obligation to
visit the family doctor each month and consequently children were
measured less.

A model with the same arguments was drawn up separately for the
first and the second year.
Models for weight:
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(2.1) Weight — -0.742 + 0.001 (Birth weight) + 0.025 (Birth height)
+ 0.022 (Birth C of head) —0.41 (Gender) + 11.475 (Age) —
4.755 (Aged)

R%=0.937

(2.2) Weight = 0.336 + 0.001 (Birth weight) + 0.037 (Birth height) +
0.024 (Birth C of head) —0.46 (Gender) + 6.169 (Age) —1.091
(Age’)

R?=0.69

In the case of weight models, it can be seen that the birth weight and
the birth height contribute to the growth in the same way in both years
— 100g bigger birth weight gives 100g and 1cm longer height gives on
average 25g in the first year and in the second year on average 37g
which does not differ in the case of the model for the second year. The
birth circumference of the head contributes to the weight in the second
year almost as much as in the first year.

In the first year boys are on average 41g heavier than girls and in
the second year on average 46g heavier. Consequently, boys weigh 5g
more than girls in the second year than in the first. The model for the
second year does not reveal this difference so clearly.

In the first year the slow-down of the weight increase is much
quicker than in the second year. If we look at the age components in
the model of the first year, the increase of weight decreases by the end
of the first year up to 100g per month, in the second year up to 40g per
month. It gives us evidence that in the first six months of life the
increase of weight is intensive but slows down in the 7%-12" month
and in the second year the increase slows evenly down even more.
Consequently, if we prognosed the child’s weight with the model of
the second year, we would underestimate the child’s weight in the first
year and would overestimate it in the second

The models for height are the following:

(2.3) Height = 33.57 + 0.002 (Birth weight) + 0.236 (Birth height) +
0.032 (Birth C of head) — 1.157 (Gender) + 39.571 (Age) -
15.614 (Age?)

R’=0.96

(2.4) Height=41.004 + 0.001 (Birth weight) + 0.192 (Birth height) +
0.051 (Birth C of head) — 0.954 (Gender) + 23.504 (Age) —
3.846 (Aged)

R*=0.663
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The birth weight adds to the height of the child, who weighed 100g
more in the first year, 0.2 cm and in the second year 0.lcm,
consequently the impact of the birth weight on height in the second
year has become smaller by a half. Each additional centimeter of the
birth height adds to the height in the first year on average 0.24 cm and
in the second year on average 0.19 cm. It can also be seen that the
impact of the birth height decreases. The birth circumference of the
head adds to the height in the second year almost more than a half
than in the first year, but the change of height, depending upon the
circumference of the head, is not especially noticeable.

The difference between the height of boys and girls is bigger in the
first year than in the second which is different what happens in the
case of weight. It may only mean that the boys gain more weight than
height in the second year. In the case of the girls it is opposite: the
increase in weight is mostly similar with boys but the increase of
height is bigger than in boys in the second year. In spite of that boys
are 0.95 cm taller.

The described analysis the fact, well known in medicine, that birth
data are important. On the basis of the present research, we can say
that the best results can be obtained in prognosing the weight and
height of a small child in the first two years of life with the model
which is designed on birth data considering the prognosis either for
the first or the second year weight or height.
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ABSTRACT

Male infertility and non-barrier contraception remain intractable
problems. In addition, a rising incidence of testicular cancer is a
cause for concern. Approaches to each of these problems will
require a basic understanding of the cellular and molecular biology
of the testis. Answers to all of these problems may be hidden in the
complex cellular and molecular interactions that take place in the
testis and, in particular, in the seminiferous epithelium. In the
present study, the regulation of active and passive molecular
transport in the testis was studied for the explanation of the control
of substance transport through the testicular endothelial barrier and
the control of substance transport through the plasma membrane
barrier of testicular cells. Sprague-Dawley rats, Wistar rats and
BALB/c male mice were used as donors of testis tissue. Human
testis tissue was obtained from three patients undergoing
orchiectomy either due to prostatic cancer or hydrocele. The
expression of insulin signaling cascade elements and glucose
transporters in the testis was investigated by immunohisto-
chemistry and Western blotting. The distribution of the F(ab)2
fragment of IgG to the testicular interstitial tissue and the luminal
compartment of the seminiferous tubules was determined. The
present study clearly shows that IRS-1 and IRS-2 are expressed at
the protein level in the human, rat and mouse testis. IRS-3, the
overexpression of which causes a decrease in the association of
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IRS-1 and IRS-2 with the PI 3-kinase, and which can modulate the
biological responses to insulin, was not detected in the rat testis.
The present finding of immunologically detectable IRS-1 and IRS-
2 in Sertoli cells demonstrates that IRS-1 or IRS-2-mediated signal
transduction may be active in Sertoli cells. As well as insulin
action, the effects of various cytokines on the testicular cells may
also be possible through IRS-1 and IRS-2, as several cytokines, i.e.
IL-2, IL-4, IL-7, IL-9, IL-13, IL-15, interferon-y, IGF-I and the
leukemia inhibitory factor use IRS-1 or IRS-2 in their signal
transduction. GLUT3 was the prominent type of glucose
transporters in the human, rat and mouse testis. The F(ab’)2
fragment of IgG is transported to the lumen of the male
reproductive tract in both the testis and the epididymis.

Key words: 1RS, insulin signaling, glucose transporters, testis

INTRODUCTION

The presence of circulating molecules like e.g. glucose and
immunoglobulin G, in the testis or inside the testicular cells, is not
self-evident. Their access to the various compartments of the testis or
into the cells is tightly controlled by active and passive mechanisms.
The most important factors of the control of movements of fluids and
substances into, out of and inside the testis, and into the cells include:
the function of the testicular endothelial cells, the flow of the
interstitial extracellular fluid, the tubular barrier-forming inter-Sertoli
cell junctional complexes [6,11,12,13], and the transporter molecules
in the plasma membranes of the testicular cells. A fuller understanding
of the ways in which substances move around in the testis, particularly
how they cross the endothelial cell layer or penetrate into the tubules
and get access to the intracellular environment, will be necessary for a
better knowledge about the testicular function [15]. In the past years,
rapid advances in the tools available in cell and molecular biology
have led to the excavation of a large number of growth factors,
enzymes, transport proteins, and the receptors involved in the
regulation of these factors in the testis.

Insulin plays a pivotal role in the development of the testis [20].
The insulin receptor tyrosine kinase family is required for the
appearance of male gonads and thus for male sexual differentiation
[9]. Insulin itself initiates a wide variety of growth and metabolic
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effects by binding to the insulin receptor and by activating a tyrosine
kinase. Insulin signal transduction takes place through receptor-
mediated tyrosine phosphorylation of Insulin Receptor Substrate (IRS)
proteins [16,17]. Four members (IRS-1, IRS-2, IRS-3, IRS-4) of this
family have been identified, which differ in their subcellular
distribution, binding to the insulin receptor and interaction with SH2
domain proteins [16,17,8,7].

It has been found that several cytokines, e.g. IL-2, IL4, IL-7 [4],
IL-9, IL-13 [16], IL-15 [4], interferon-y [10], IGF-I [2] or the
leukemia inhibitory factor [1] use IRS-1 or IRS-2 in their signal
transduction. Several cytokines are potent modulators of steroid
release from the testis. Testicular cytokines and growth factors (such
as IL-1, IL-6, TNF, IFN-gamma, LIF and SCF) were shown to affect
both the germ cell proliferation and the Leydig and Sertoli cells
functions and secretion. Cytokines and growth factors are produced by
immune cells and in the interstitial and seminiferous tubular compart-
ments by various testicular cells, including Sertoli, Leydig, peritubular
cells, spermatogonia, differentiated spermatogonia and even
spermatozoa. Corresponding cytokine and growth factor receptors
were demonstrated on some of the testicular cells. These cytokines
also control the secretion of the gonadotropins and testosterone in the
testis. Under pathological conditions the levels of pro-inflammatory
cytokines are increased and negatively affected spermatogenesis is
present. Thus, the expression levels and the mechanisms involved in
the regulation of testicular paracrine/ autocrine factors should be
considered in future therapeutic strategies for male infertility [3].

In the present thesis, the regulation of active and passive molecular
transport in the testis is studied for the explanation of the control of.
substance transport through the testicular endothelial barrier and the
control of substance transport through the plasma membrane barrier of
testicular cells.

To reach the aims of the present thesis, the following hypotheses
are tested:

1) insulin can regulate the transport of glucose across the plasma
membrane through the insulin receptor substrate pathway in the
testicular cells;

2) insulin receptor substrate-mediated signal transduction to
regulate glucose transport across the plasma membrane does
not occur in the germ cells using lactate in their energy
metabolism;
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3) the transport of glucose across the plasma membrane occurs
through one or several of the glucose transporters 1-4 in the
testicular cells;

4) the transport of the F(ab), fragment of IgG to the testicular
interstitial tissue and the Iluminal compartment of the
seminiferous tubules occurs;

5) the transport of the F(ab), fragment of IgG to the interstitial
tissue and the luminal compartment of the seminiferous tubules
changes with age;

MATERIAL AND METHODS

Adult BALB/c male mice (n=12) and adult male Wistar rats (n=12)
were used as donors of the normal testicular tissue. Human testis
tissue was obtained from three patients undergoing orchiectomy either
due to prostatic cancer (n=2) or hydrocele (n=1). The expression of
above-mentioned genes was studied at the protein level by using
immunohistochemistry and Western blotting.

Sections of 6 pum in thickness were cut in a cryostat, air-dried
briefly at room temperature, fixed in cold acetone (-20°C) for 5 min
and stored at —20°C. The avidin-biotin-peroxidase method was used
for the expression of IRS-1 and IRS-2 and the indirect immuno-
fluorescence method for the expression of IRS-3, GLUT 1-4, SIRPla,
PI 3-kinase and PKB.

Sprague-Dawley rats were used as experimental animals for the
determination of volume distribution of the F(ab), fragment of IgG to
the testicular interstitial tissue and the luminal compartment of the
seminiferous tubules. They were at 20, 30, 45 and 60 days of age
(n=60).

RESULTS

Positive immunoreaction for IRS-1 and IRS-2 was found in the rat and
mouse testis in Sertoli cells, peritubular myoid cells, testicular
interstitial cells and testicular endothelial cells. In the human testis,
positive immunoreaction for IRS-1 was found in Sertoli cells,
peritubular myoid cells and macrophage-like interstitial cells, IRS-2
was not detected. Immunocytochemical analyses demonstrated that
GLUTI was expressed in the rat testis, GLUT2 in the mouse and rat
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testis, GLUT3 in the mouse, rat and human testis and SIRPla in the
mouse and rat testis. GLUT 3 was the prominent glucose transporter
type in the human Sertoli cells, peritubular myoid cells, macrophage-
like interstitial cells, testicular endothelial cells and early
spermatocytes (Table 1). IRS-3, GLUT4, PKB and PI3-kinase were
not detected in the testis by immunocytochemistry. IRS-1, IRS-2,
GLUT1, GLUT2, GLUT3, PKB and SIRPla genes were demon-
strated by Western blotting in the testis.

The transport of the F(ab), fragment of IgG to the testicular
interstitial tissue and the luminal compartment of the seminiferous
tubules occurs and changes with age.

DISCUSSION

The present finding of immunologically detectable IRS-1 in Sertoli
cells, peritubular myoid cells and macrophage-like interstitial cells
demonstrates that IRS-1-mediated signal transduction is active in
these cells. Thus, the use of insulin in the regulation of glucose uptake
by peritubular myoid and interstitial cells is possible if the insulin
receptor is expressed in these cell types. As well as insulin action, the
effect of various cytokines may also be possible, as several cytokines
use [RS-1 in their signal transduction. However, a precondition for
these interpretations is the expression of the insulin receptor, the
corresponding cytokine receptors and the other components of the
IRS-mediated signal transduction pathway in the cells in question.

The absence of IRS-1 and IRS-2 from the germ cells in the luminal
compartment is in accordance with the use of lactate in the energy
metabolism of these cells. This finding supports the hypothesis that
IRS-mediated signal transduction to regulate glucose transport across
the plasma membrane does not occur in the germ cells. However this
finding does not finally prove it, because other insulin receptor
substrates, not yet known, may exist. The absence of IRS-1 and IRS-2
from the germ cells further supports the dependence of germ cells on
Sertoli cells in their energy metabolism.

Furthermore, the lack of IRS-1 and -2 from the germ cells indicates
that the cytokines, using IRS-1 or IRS-2 in their signal transduction
can not have a full effect on these cells, even if their receptors were
expressed by them. As IRS-2 interacts also with the insulin-like
growth factor I receptors [2] it is evident that the lack of IRS-2 from
the germ cells will also modulate the effects of IGF I on these cells.



Table 1. Expression of the 1RS1-3, GLUT1-4, PI 3-kinase, PKB and SIRPla genes in the different types of cells in
different human, rat and mouse testes by immunohistochemistry.
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The high expression of IRS-1 by the human peritubular cells is
well in accordance with the high energy expenditure of these
contractile cells using glucose in their energy metabolism and thus
dependent on the insulin action. However, it is not excluded that the
high IRS-1 signal from these cells indicates cytokine effects on these
cells in the intra-testicular paracrine regulatory network.

IRS-3, the overexpression of which causes a decrease in the
association of IRS-1 and IRS-2 with the PI 3-kinase [18] and modulates
the biological responses to insulin, was not detected in the rat testis,
suggesting that the differences in signal transduction between the IRS-1-
and -2-mediated pathways and the IRS-3-mediated pathway may be
functionally significant in the testicular environment.

The fact that GLUT3 was the only glucose transporter presenting
in the human testis suggests that in the cases of diabetes-associated
disturbances of the structure of the seminiferous epithelium [14],
GLUT3 could possibly be involved. In addition, it is very interesting
that the early spermatocytes expressed GLUT3 at the protein level in
all the studied species, as generally it is thought that these cell types
do not use glucose in their metabolism but lactate produced by Sertoli
cells. However, the early spermatocytes expressed also IRS-1 and -2
in the rat testis, suggesting that the components to control glucose
transport across the plasma membrane are at least in part present in
these cells.

GLUTS3 has a high affinity for glucose [5]. 86% of testicular, 16%
of ovarian, 25% of gastric and 27% of non-small cell lung carcinomas
were positive for GLUT3 [19], suggesting that also those tumor cells
with their origin in the testis seem to use GLUT3 in their glucose
transport.

The presence of GLUTT in the rat testis and GLUT2 in the mouse
and rat testis implies that it may not be possible to use the rodent
models to investigate the role of different GLUT isoforms on glucose
metabolism in human testis.

That the F(ab’), fragment of IgG seems to gain access to the rete
testis may make passive immunization against sperm using sperm-
specific F(ab’), or Fab’ fragments possible. Although the use of
exogenous F(ab’), fragments might cause problems in regard to
immunization against them, this is not likely if recombinant F(ab’),
fragments of the same species are used. Thus, specific impairment of
sperm-zona interaction or sperm motility might be possible by passive
immunization of the male with sperm-specific F(ab’), or Fab’
fragments of IgG. In the experimental animal work blockage of the
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functions of the sperm plasma membrane proteins by specific F(ab’),
fragments may be possible as well.
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ABSTRACT

A questionnaire investigation of 26,008 schoolgirls from three
biggest cities of Upper Silesia, Poland, found that 76% of them
were passively exposed to tobacco smoke from their parents. The
results of the present study indicate that cigarette smoking by
mothers is associated with the earlier menarcheal age of their
daughters. This effect is still present when confounding factors
such as family size, the economic status of the family and parental
education are controlled. When fathers smoke, this tendency
persists only in families from high SES groups. Detailed analysis
of the data gives some support to the hypothesis that earlier
maturation of girls might also be due to their exposure to tobacco
during foetal life from smoking mothers. However, this needs to be
confirmed by further more specific epidemiological studies.

Key words: Passive smoking and girls maturation

INTRODUCTION

Exposure to tobacco smoke as a component of air pollution is
regarded as particularly harmful to the human health. This is an
especially drastic problem in Poland, where cigarette consumption
figures rank among the highest in the world [19].

A number of studies show negative effects of tobacco smoke upon
growth of children during fetal life and upon attained size by age of
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children after birth. Those have been reviewed by Walsh [25]. On the
other hand, the impact of the exposure to tobacco smoke on the
process of children’s maturation has received far less attention.

In the following report we would like to present observations
concerning the response of an important and reliable measure of
maturity — the menarcheal age of girls, to different degrees of passive
exposure to tobacco smoke. Our conclusions are derived from the
studies of schoolgirls carried out by us in 1991, in Upper Silesia-the
industrial conurbation in the southwest of Poland.

The region of Upper Silesia had been selected for the study
because of an exceptionally high incidence of cigarette smoking in the
population. Suffice it to say that in a country with state controlled
uniformed prices, tobacco expenditure per capita in Silesia in 1991
was 18% higher than the national average [24].

Another reason was that we had at our disposal a unique set of data
embracing almost the entire population of girls aged 9 to 15 living in
the region’s three largest cities. Thus the conclusions we are going to
derive, can be justly regarded as valid for the whole population of
Upper Silesia.

The ones concerning the impact of passive exposure to tobacco smoke
on girls’ maturation in the region were first reported by Hulcanicka et
al. [13] and Kolasa et al. [16].

The study completed in 1991 repeats and extends a study of 1981
[1]. Both were questionnaire studies of the selected large groups of
girls designed to estimate their average menarcheal age. They proved
unequivocally that for a long time considerable differences in the rate
of growth of girls were caused by social and economic factors. It was
also revealed that girls in Upper Silesia mature on average later than
their counterparts in other regions of Poland [1, 12].

Another characteristic of the population of Upper Silesia is higher
morbidity and mortality rate (8) and a smaller average body height of
children [13, 22], which indicates the poor health status of the
population.

The causes underlying this situation should be sought in the
specific social structure of the population typical of a highly
urbanised, industrialised and densely populated region (in 1991 in
Upper Silesia lived 10.4% of the Polish population in the territory
which accounted for 2.1% of the area of Poland). These figures are
reflected in the living standards and the lifestyle of most families.

Furthermore, the Upper Silesia area ranks high among the areas in
Europe subject to the highest degree of pollution resulting from
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communal and industrial activities. This factor has also been proved to
have an impact on the development of children. In particular, the
exposure of girls to lead-containing dust and precipitation has been
revealed to be a significant factor affecting the girl’s menarcheal age
{7].

The data concerning the health status of the population show that
socio-economic conditions continue to differentiate the children’s rate
of development. This phenomenon has been fading for some time in
certain European countries [4, 6, 18], but in a region like Upper
Silesia, studies of the harmful effect of tobacco smoke have to take
into account the impact of a number of socio-economic factors.

MATERIAL AND METHOD

The material collected in 1991 consisted of information about school-
girls from grades III to VIII of all the elementary schools in the three
largest towns of the region: Bytom, Katowice and Sosnowiec. The
girls’ parents completed 26,008 anonymous questionnaires. The
numbers of girls in each yearly age group were similar, exceeding
3,000. Among other questions the questionnaire contained those
searching for information about the girl’s place and date of birth and
about the socio-economic status of her family.

The question, essential for the present report, was the one
regarding parental smoking (separately for each parent). The study of
Upper Silesian girls was not initially designed to address the direct
effects of smoking on the maturation of girls. As a result, we lack
information about the number of cigarettes smoked or the duration of
the habit of the parents. It can, nonetheless, be assumed that the error
in classifying parents into smokers and non-smokers in our study is
small, since daughters verified the answers given by their parents as
the questionnaires were being filled. Data on cigarette smoking given
by the girls themselves are also lacking. Although smoking attempts
may occur at an early age, nicotine addiction in youths usually
develops at the age when pubertal processes have already been set off.
Thus, we do not consider this factor to be important in our material.

The social and economic status of the family, a factor exerting
considerable impact on the development of children, was defined by
the father’s and mother’s educational level, the number of children in
the family, dwelling conditions and the family’s financial situation.
The latter was a composite measure of the financial standing of the
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family including data on income, housing conditions, and the fact of
owning or not owning a flat’house or a car. Detailed information on
the classification into subgroups is given in Table 1. The categories of
variables provided a basis for the formation of selected subgroups of
the girls under study for subsequent stages of analysis.

The data on the menarcheal age of girls were collected according
to the status quo method. At the time of study girls are asked “Have
you already had your first menstrual period?” and the answer yes/no is
expected. This means that we have at our disposal only the data on the
frequency of girls at a given age who had reached the maturation stage
when menstruation occurs and those who had not had their menarche
at the time when the questionnaires were carried out. The actual dates
of the onset of menarche in individual girls are not available.

The girls have to be arranged in sizeable groups and only the
groups can be compared. These data make it possible to calculate the
average menarcheal age using Finney’s probit method [19], whereby
the mean values are estimated from the normal distribution function
derived from the frequency count, increasing with age, of girls who
answered “yes” to the menarche question.

A requirement for the estimation of the mean menarcheal age is
that data are available from an age range that includes girls from an
age group in which no girl has menstruated to an age when every girl
has had her menarche. Our material, which comprised only girls in
compulsory primary-level education of age up to 15, lacked data about
older girls. Therefore, to calculate the statistical parameters it was
verified by the y2 test that the distributions are normal in the whole
sample and also in each of the selected groups of girls. The hypothesis
to test was that the increasing fractions of girls, who have already had
their menarche at a given age, are taken from a sample, which
theoretically would extend up to age 19.
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Table 1. Categories of variables used in the analysis (composite

categories of one or multiple variables were used in certain analyses)

Variable

Categories of variables

Father’s education

—

. University degree

. General or technical secondary education

. Vocational secondary education

. Primary education

Mother’s education

. University degree

. General or technical secondary education

. Vocational secondary education

. Primary education

Dwelling conditions

. Good (x-1.1 people/room)

. Intermediate (1.2-2.4 people/room)

. Poor (2.5—x people/room)

Number of children
in family

. The girl is an only child

. Two children

. Three children

. Four or more children

Financial situation

—alWo] =W N =AW= AW

. Affluent family (>$85 per capita income per
month, good housing conditions, own flat/house,
car)

2. Intermediate (other than 1 or 3)

3. Poor (<$45 per capita per month, poor housing
| conditions, no car)

Lead pollution
level*

1. Highly polluted area (mean annual air lead
concentration >0.6mcg/m’, mean annual lead
precipitation > 200 mg/m?)

2. Intermediate (other than 1 or 3)

3. Less lead polluted area (mean annual air lead
concentration <0.3mcg/m’, mean annual lead
precipitation < 100 mg/m?)

Parental tobacco

smoking

L

1. Both parents smoke

2. Father smokes

3 .Mother smokes

4 Parents do not smoke

* Following the ecological approach, the girl’s exposure to industry-derived
precipitation of lead and the concentration of this element in the air was based on
the data available at a Regional Sanitary-Epidemiological Station in Katowice.
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In probit analysis, in order to eliminate factors with a known effect
on the onset of puberty in girls, groups were formed including
individuals from the selected categories of the set of SES variables.
These were further subdividing according to the exposure to tobacco
smoke. Statistical parameters such as the mean, standard deviation
(SD) and standard error (Sm) were calculated for each of the
subgroups. If the difference in the mean menarcheal age for two given
groups exceeds Sm, this result is statistically significant at p>0,05.

RESULTS

The total percentage of girls exposed to tobacco smoke because of
their smoking parent amounts to 76% of all the girls studied. The
incidence of smoking among parents generally increases with the
decreasing of parental education and family living standards. On the
contrary, the mothers who smoke tend to occur more frequently than
the in-groups of families with better educated parents (Table 2). The
same relationships were observed when the status of a family was
defined in relation to the number of people/room in the household. On
the other hand, the number of children in the family had a little effect
on the incidence of smoking among parents.

Table 2. Proportion of families where fathers have a specific level of
education in the total sample and in the samples of families differently
exposed to parental smoking (percentages).

Parental tobacco | Father’s level of education

smoking General or Voca- | Elemen-
University | technical . Total

secondary tional tary

Total 14 30 47 9 100%

Both parents 9 28 53 10 100%

smoke

Father smokes 11 29 51 9 100%

Mother smokes 20 30 43 7 100%

Parents do not 22 34 38 6 100%

smoke
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A detailed comparison of the probit means of age at menarche of
girls in the groups of families characterised by different contribution
of the parents to tobacco smoke air pollution, was made and a similar
was analysis performed on the groups characterised by different levels
of parental education and housing conditions, producing the following
findings:

1. In the families where both parents smoke and where only the
mother smokes, the mean age at menarche of daughters is earlier
than in the girls living in smoke-free family environments. In the
families where only the father smokes, girls were found
to mature later than the daughters of non-smoking parents do
(Table 3). This is particularly evident in the families where the
level of education of the parents was low (Table 4a) and also,
when the number of people in the household was high (Table
Sa).

2. This relationship assumes a totally different form in the
families where the parents are better educated (Table 4b) or in
the families, which live in good housing conditions (Table 5b).
In such families the menarche occurs earlier on the whole and
menarcheal age is much less diversified in relation to parental
smoking. In these families father’s smoking is not associated
with the delayed maturation of the daughter, which actually
occurs as early as in the families where only the mother
smokes. In some groups differences lose some of their
statistical meaning. This is due to the smallness of the group
size in the population studied.

3. In the families where both parents smoke the onset of
menarche for their daughters is earlier. This tendency was
observed consistently in all the study subgroups (Tables 3-5).

4. Significantly, higher housing density, which may be associated
with higher concentration of tobacco smoke, does not amplify
the above-described relationship between parental smoking and
menarcheal age of their daughters (Table 5a).

Another method we employed in our study was the multiple logistic
regression analysis, which was used to study the effect of the exposure
to tobacco smoke at home on the menarcheal age of girls, together
with other confounding factors represented by the variables known to
play a role in menarcheal age variability. (The calculations were carried
out by. Prof. H. Danker-Hopfe. She used her own software customised
for menarche age estimation according to the status quo method).
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Table 3. Mean age at menarche of: girls in relation to the father’s and the
mother’ smoking habit (total sample)

Parents M Sm SD N
Do not smoke 13.12 0.03 1.07 6175
Only father smokes 13.15* 0.02 1.11 7192
Only mother smokes 13.00* 0.04 1.01 2700
Both parents smoke 13.08* 0.02 1.03 9941
*p<0.05

Table 4. Mean age at menarche of: girls in relation to parental smoking
and the level ofieducation

a) parents with primary and vocational education

Parents M Sm SD N
Do not smoke 13.20 0.05 1.10 1670
Only father smokes 13.28* 0.04 1.07 2807
Only mother smokes 13.02* 0.07 1.04 934
Both parents smoke 13.13* 0.03 1.06 4493
*p<0.05

b) father with a university degree, mother with a university degree or
secondary education (general or technical)

Parents M Sm SD N

Do not smoke 13.02 0.06 1.07 1292
Only father smokes 12.96 0.09 1.21 719
Only mother smokes 12.97 0.09 0.96 412
Both parents smoke 12.91* 0.08 1.08 737

*p<0.05
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Table 5. Mean age at menarche of girls and parental smoking in relation
to dwelling conditions

a) poor dwelling conditions (more than 2.5 persons per room)

Parents M Sm SD N
Do not smoke 13.32 0.18 1.36 242
Only father smokes 13.49* 0.11 1.06 446
Only mother smokes 13.17 0.23 1.42 133
Both parents smoke 13.29 0.08 1.02 818
P<0.05

b) good dwelling conditions (less than 1.1 persons per room)

Parents M Sm SD N
Do not smoke 13.03 0.06 1.11 1171
Only father smokes 12.97* 0.06 1.12 1039
Only mother smokes 12.94* 0.08 1.05 509
Both parents smoke 12.88* 0.05 1.01 1300
*p<0.05

The dependent variable considered in this analysis is the occurrence of
menarche; the independent variables are the exact decimal age,
parental smoking, the family size, father’s education, housing
conditions, and the financial situation of a family. The exposure of
girls to lead-containing dust and precipitation in their homes was an
additional variable considered in this analysis.

The basic model, in which all the dichotomic parameters are 0,
provides the probability of occurrence of menarche for girls from the
following categories: an affluent family, one child families, families
with fathers with a university degree, the lead-polluted area of the
girl’s residence (relatively early maturation of girls was observed in
all these groups).

The absence of exposure of the girls to tobacco smoke within the
family was also marked as a 0 category.

All dummy variables, which included the remaining categories of
the variables, were considered dichotomically. The probability of
menarche has been estimated based on the frequencies of pre- and
post-menarcheal girls for 0.1 year age intervals. Delayed maturation
was seen when the girls from the families, representing other
categories of the study variables than category 0, significantly more
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often answered “no” to the question about menarche in the question-
naire. Significance was studied using Wald’ s x2 test.

Table 6. Results of the logistic regression analysis of menarcheal age of
girls in relation to the father's or the mother’s smoking and other
confounding variables.

B )

Variables (regression Wald’s p

coefficient) X2
Intercept -21.7645 5463.0509 0.0000
Age 1.7046 6036.3409 0.0000
Father: general or technical —-0.0189 0.0807 0.7764
secondary education
Father: vocational or primary -0.1941 9.0430 0.0026
education
Two children in family —0.2736 21.0378 0.0001
Three children in family -0.4215 32.3389 0.0001
Four or more children in family | —0.5843 35.5569 0.0001
Intermediate financial situation —-0.0698 1.2568 0.2623
of family
Poor family -0.3502 12.6144 0.0004
Father smokes —0.0398 0.7773 0.3780
Mother smokes 0.1409 10.9513 0.0009
Less lead-polluted area —0.1852 6.1176 0.0134
Moderately lead polluted area —0.1659 8.6367 0.0033

The parameters of the logistic regression analysis, carried out
according to the chosen model, confirmed that the girls from the
families where the parents have vocational secondary or elementary
education, from the families with many children, the families with a
poor financial situation, etc., but also from the families where only the
father smokes, significantly more often had not had their menarche by
the time of the study than the girls from the “basic” group (negative
regression coefficients). This testifies to the impact of the factors,
discussed above, on delaying the maturation of girls, observed in fact
not only in Upper Silesia, but in the entire population of Poland (for
review see 15).
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On the other hand, it was shown that in the families, where only
mother smoked, postmenarcheal girls occurred significantly more
frequently (with the probability of chance result p<0.01), even if the
effect of all the other social and economic or environmental variables
analysed was excluded. This result is shown in Table 6, where the
effect of the factor “smoking mother” on the variability of menarcheal
age is visibly different then the effect of other factors (a positive
regression coefficient).

There is no need to add that a similar relationship was also found
for the variable “age of the girl.” As it could be expected, age is the
most important factor influencing the occurrence of menarche.

In other words, the results of the logistic regression analysis
confirm what has been shown by the comparison of the probit means,
that is: maternal smoking is an independent factor associated with
an earlier onset of menarche in their daughters.

Relevant information about the rate of sexual maturation of girls
passively exposed to tobacco smoke can be found in earlier papers by
Polish researches (Table 7).

Table 7. Mean age at menarche of the girls from the Warmia and Mazury
region of Poland (Popczyk 1990) and of the university students from the
city of Wroctaw (Kolasa 1994) in relation to parental smoking.

Parents School students from the | University students from
Warmia and Mazury region the city of Wroclaw,
in Poland (Popczyk 1990) (Kolasa 1997)
Number of Number of
daughters M Sm daughters M Sm

Do not smoke 1209 13.34 [0.06 190 13.38 0.08
Father smokes 1308 13.26 [0.06 136 13.20* | 0.09

Mother 314 12.98* |0.11 63 13.21*| 0.14
smokes
Both parents 910 13.12* |0.06 109 12.87*| 0.12
smoke
P<0,05

This table summarises unpublished data from A. Popczyk’s doctoral
dissertation presented in 1990 [20]. The author used the status quo
method to study menarcheal age and found a significantly earlier onset
of puberty in the girls whose parents smoked. The difference in
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menarcheal age between the girls whose parents smoked and those
with non-smoking parents was 0.22 years.

These tendencies were later confirmed in a sample of university
students from the city of Wroclaw in a 1994 study, with menarcheal
age data obtained by the retrospective method [15]. Despite a limited
sample size, significant differences in menarcheal age were found,
with the daughters of smoking parents having had their menarche half
a year earlier than the daughters of non-smokers

DISCUSSION

The relationship between passive smoking of girls and the rate of
sexual maturation which we have described has yet to be verified. In
order to ascertain whether it actually reflects a direct effect of the
constituents of tobacco smoke on the organism of the children or
whether early maturation of the daughters of smokers is due to a
special social structure of this group.

The rule, the lower the social status, the more smokers, found to be
valid in Poland [21] should logically lead to the finding of a delayed
menarche in the daughters of smoking parents. However, in our study
such a relationship was only found for the category “only father
smokes,” which is positively associated with a lower education level
and poorer dwelling conditions. In the study sample smoking mothers,
unlike smoking fathers, are found more frequently in the families with
a higher social status.

This leads to a very important conclusion that a smoking father is
more often a factor that is “superimposed” on the generally poorer
financial situation of the family. Smoking mothers are more often
encountered in the situation where the family is “protected” by a
generally higher living standard and a higher level of parental
education. Against this background, the general finding of a later
onset of puberty in the daughters of smoking fathers and an early
onset in the daughters of smoking mothers, seen also in groups of
families of a low social status, seems logical. This might be
interpreted as a corollary of the specific social structure of the parents
affected with the smoking habit.

However, the presence of this model is not confirmed in the groups
of girls, whose both parents are smokers, because these girls always
have their menarche earlier than the daughters of non-smoking parents
(even though the latter come predominantly from better-off families).



190 Maturation of girls passively exposed to tobacco smoke ...

Neither it is confirmed in the groups of families of the highest social
status, where the “father-only” and the “mother-only” smoking
patterns are related with the early onset of puberty of the daughters.
The independent effect of maternal smoking on the age of menarche
in girls is also corroborated by the logistic regression analysis. All this
suggests a direct accelerating effect of parental smoking on the
rate of maturation of their daughters.

In the light of what has been said above, it cannot be maintained
that the social structure of smokers is the sole factor responsible for
the relationships observed. On the other hand, the following
interpretation seems to be valid. It is possible that tobacco smoke
actually affects the mechanisms responsible for accelerating the sexual
maturation process. But these effects are muffled in families represen-
ting the “worse” categories of the SES variables, where living condi-
tions are conducive to delaying the girls’ maturation and cigarette
buying places an additional considerable strain on the family budget.

When the living standards of the family and the level of the
parents’ awareness is high, the acceleration of maturation in the

daughters of smoking parents, as compared with the daughters of non-
smokers, can manifest itself in an unconstrained fashion. A stronger
effect of the mother, as compared to the father, is closely consistent
with the above-mentioned findings concerned with blood cotinine
levels measured in girls, which are higher when the mother smokes
than when the father smokes, as shown before [14]. It should be
stressed once more that two other Polish studies, mentioned here [15,
20], also revealed that the impact of the mother’s smoking is greater in
comparison with of father’s smoking.

This may be due to several reasons.

First, when the smoker is the mother, the children, whom she
attends to, more often, are exposed to larger amounts of tobacco
smoke. Moreover, the mother’s role is visibly different from the
father’s also because a substantial fraction of smoking mothers will
also smoke during pregnancy. The relationship between earlier matu-
ration of girls with a smoking mother could also be a consequence of
the latter and not only the effect of passive exposure to tobacco smoke
after birth.

The above is consistent with the growing body of papers on early
postnatal growth of the children whose mothers smoked during their
pregnancy. These children are characterised by more dynamic growth
than the children of non-smoking mothers are. They grow faster to
catch up from their initial post-natal retardation [8, 11, 23].
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The general sizes of an individual, as well as the rate of growth and
maturation, are to a certain extent independent characteristics.
Nevertheless, one might speculate that the finding of an earlier onset
of puberty of the daughters of smoking mothers is linked to their
increased rate of growth immediately after birth. At present more and
more researcher tend to believe that it is the conditions in which a
child develops in the early period after birth that determine the age of
menarche [5, 17].

The finding that the onset of puberty of girls passively exposed to
tobacco smoke is not later but even earlier, observed consistently in a
number of studies carried out in Poland, should show the direction of
future research.

On the basis on what is reported here and also in quite a
voluminous literature about the effects of tobacco smoke on body
function in various periods of life, a speculative hypothesis could be
presented: tobacco smoke accelerates life cycle processes in general, it
shortens pregnancy and accelerates puberty, the menopause comes
earlier, and earlier comes the death of the woman. These other aspects
of tobacco effects however, are beyond the scope of this paper.
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ABOUT THE ESTONIAN NATURALISTS’
SOCIETY AND ITS JUBILEE

Linda Kongo

The 150" anniversary of the Estonian Naturalists’ Society in 2003 was
the event of the year for natural scientists in Estonia. It was celebrated
with a conference taking place in the assembly hall of the University
of Tartu and in the conference hall of the Scientific Library of the
University of Tartu. There were more than 330 participants.
Colleagues from Sweden and Finland had come to congratulate the
society. The President of Estonia and representatives of many
Estonian research institutions were greeting the society. For the
jubilee a voluminous monograph about the history of the society and
an information brochure about the current developments of the society
were published.

The past. When speaking about a scientific organisation with such
a long period of activities like the Estonian Naturalists’ Society
(ENS), it is necessary, first of all, to cast a glance at its history. The
Naturalists® Society, which was established in 1853 at first as a
subsidiary of the Livonian Society of General Utility and Economiy,
gained independence in 1868 and from 1878 up to World War 2 was
the major organiser of research in natural sciences in Estonia with the
support from the University of Tartu. In 1946 the society was
affiliated to the Academy of Sciences of the Estonian S.S.R. and it is
connected to the Academy of Sciences since 1998 in conformity with
the association agreement.

The founders of the Naturalists” Society were 10 members of the
academic staff of the University of Tartu and the Livonian Society's
president Carl Eduard von Liphardt who was also elected the first
president of the Naturalists® Society. The membership of the society
grew constantly involving nature-loving landlords, who were the main
supporters of research, the members of the academic staff of the
university and other intellectuals outside the university. Until the end
of the 19 century, only men were the members of the society. The
first woman-member who was the wife of Edmund Russow, the
university professor of botany, was admitted only in 1898. At present
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the society has more than 1,500 active members and amateur
researchers. The collections of amateur naturalists served as the basis
for research and the respective papers were published in the journals
of the society at that time.

The series of scientific publications were started immediately after
the establishment of the society and made the exchange of publi-
cations possible between foreign and local institutions. The science
news of the world reached local researchers. In 1933 the popular
natural science journal “Estonian Nature”, published in the Estonian
language, began to appear in addition to the first publication in foreign
languages. “Estonian Nature” as a publication of the society continued
to be issued until 1941 with the purpose of publishing research and
observation results of a wider circle of natural scientists, amateurs and
acquainting the new books dealing with the territory of Estonia. In
1941 the journal was closed. “Estonian Nature” began to appear again
in 1958. In the introduction of the first issue it is said that”... the
content of the newly published journal is much more comprehensive,
following the principles of Soviet materialism, and addressed to a
much wider readership than the pre-war journal of the Naturalists’
Society bearing the same title. The new journal was also a popular
natural science journal of the Academy of Sciences of the Estonian
S.SR.

The members of the society, receiving financial support from the
Livonian Society, began to research Estonian nature from different
aspects. Friedrich Schmidt and Constantin Grewingk in their research
determined the general principles of the geological structure of the
Estonian basic rock. Carl Schmidt collected soil samples to establish
their chemical composition. As a result of the research of flora, the
first overviews of initially limited areas, the so-called local floras,
were published. The Naturalists® Society also participated in the exact
levelling of land initiated by the Livonian Society, which resulted in
producing maps necessary for research activities. It was especially
significant from the point of view of mapping the findings of species
of flora and fauna.

At first the society was able to publish the results of zoological
research of several insect groups in the form of monographs. In 1905
profound research of Estonian lakes started from the point of view of
biology and fishing industry. A number of amateur researchers were
involved in the research of Estonian birds’ migration in spring and
autumn, collecting data about the birds’ nesting biology. The later
founder of Estonian anthropology Juhan Aul also started his scientific
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career from zoological research. Before the publication of his
anthropological research papers, anthropology of Estonians was very
little studied and in science even wrong views of Estonians were
existing. J. Aul said that the task of anthropology was to establish the
changes in physical development, diversity, peculiarities and
alterations of the country’s population under study. The basis for
anthropological research and making statistically correct conclusions
is the measurement of a sufficiently big number of people which has
been conducted using a unified methodology. J. Aul himself has
measured more than 50,000 people. He began to study separate areas
of Estonia (counties of Saaremaa, Viljandi, Pdmu and Westemn
Estonia) and then the whole Western area as a bigger part of Estonia.
His wide-scale measurement of the Estonian defence forces gives a
broad overview of the anthropology of Estonians. He also studied the
ethnic groups living in Estonia and in the neighbouring countries-
Swedes, Latvians, Votyaks, [zhorians, Germans and Russians. With
the study of the skeletons from the Stone Age, paleoanthropological
research in Estonia started. J. Aul’s work has been continued by his
disciples who implement several new research methods.

In 1934 geobotanical mapping of Estonia started on the initiative
of T.Lippmaa. A big number of the members of the society
participated in this work.

After World War 2, when the Academy of Sciences of the Estonian
S.S.R with its research institutes was founded, the activities of the
society were somewhat falling back. The society continued nature
observations and with its numerous members participated in such
wide-scale labour-consuming research programmes of the University
of Tartu and the Institute of Zoology and Botany like bird watch and
bird count, mapping of hatching birds in Estonia for compiling a bird
atlas. Geobotanic mapping, which was stopped by the war, continued.
The main activities of the society were the observations of seasonal
changes of nature — the phenological observations, the recordings of
which form rich archives.

The society was also an initiator of organising nature protection
launching the first projects for the establishment of nature reserves
and drawing up lists of objects to be protected.

At present the society’s major field of activity is the participation
in the monitoring programmes devoted to natural diversity
(Artiodactyla, flying squirrel, bat, crayfish). The society has
participated in compiling the Red Data Book of the types of habitats in
Estonia, in the selection of the potential areas for Natura 2000, in
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making the maps of species for Natura, in the work of terminology
commissions. Data have been collected for compiling the atlas of the
habitats for tracheophytes. The society has organised several events
(Days of naturalists, Spring Schools for teaching theoretical biology,
mushroom camps, exhibitions, etc.) with the purpose of raising
people’s awareness of nature protection. Excellent results have been
achieved in the research carried out in cooperation with the Centre for
Physical Anthropology at the University of Tartu.

The society’s biggest treasure is its natural science library being
unique in the Baltic countries with its 160,000 units of printed matter.
Earlier the library collection was deposited in several places but at
present the whole library is in the society’s own building at 2, Struve
Street.

During the long years of the existence of the Naturalists® Society,
many new societies, dealing with particular narrow fields, have been
established but there is no other association where the research
potentials of all the Estonian natural scientists have been accumulated.
Uniting the professional and amateur researchers’ activeness and
experience, the society helps preserve and develop the Estonian
terminology in natural science and arouse young people’s interest in
the nature of their homeland, make them respect wild life.

During its constant existence within more than 150 years, the ENS
has played different roles in different periods. In the first years it was
practically the only natural scientists” association beside the university
dealing with Estonian nature. At present the society is one of the many
organisations connected with nature but, however, the society has
several functions which no other institution considers a part of its
major activities. Thanks to the society, a certain part of Estonian
research potentials, which would otherwise remain unused, are
implemented. We can mention research activities outside the
framework of the state’s targeted programmes, especially the nature
research devoted to Estonia (overviews of the situation in Estonian
nature, lists and habitat maps of the fauna and flora of Estonia, guides
for identification, a part of monitoring data, phenological observa-
tions, the research of the history of natural sciences, publications
promoting knowledge and awareness of nature, etc.).

The role of the society to form joint interest groups of scientists
working or studying at different institutions is most significant in
creating a favourable synergy and research environment. The society's
role in developing interdisciplinary activities (theoretical biology,
biosemiotics, research of science history) is self-evident.
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The jubilee. The festive meeting devoted to the celebrations of the
150" anniversary of the Estonian Naturalists’ Society took place in the
assembly hall of the University of Tartu. The welcoming speech was
made by Academician Erast Parmasto, titled “Where are we from,
where are we going?”, giving a full overview of the development of
natural science until the present day and featuring future
developments. At the beginning of his speech he said that the founders
of the society had been Baltic Germans and several representatives of
other nations had participated in its work. He underlined the main idea
of his speech stressing that science is a part of culture and the research
of Estonian nature by a scientist of any nationality enriches Estonian
culture

The next speaker was Academician Hans Trass whose presen-
tation titled “Estonian nature — beautiful and in danger” dealt with the
issues of nature protection. He mentioned that the danger is basically
related to forests. We have been robbing our forests. Annual felling
has grown to 12-13 million cubic meters which damages our forests,
especially spruce stands. Within the last ten years forests have been
segmented. Each species needs its own territory. Another danger is
timber trade.

The third presentation about the long history of the ENS titled
“The ENS-150” was made by the society's president Ténu Mols.

The society was congratulated by the President of the Republic of
Estonia Arnold Riiiitel, the Secretary General of the Academy of
Sciences Academician Mihkel Veiderma, representatives of Finnish
scientific societies: the representatives of the Biology Society Antero
Nederstrom and Antti Pekkarinen, the representative of Societas pro
fauna et flora Heinz-Rudolf Voigt. Several Estonian societies had sent
their members to greet the ENS.

During the second half of the day the scientific conference
continued its work in the hall of the university library. Academician
Jaan Einasto in his presentation titled “New features of the structure
of the Universe” gave an overview of the present structure of the
Universe as described by contemporary science. When describing the
Earth as a heavenly body, he spoke about the fall of meteorites and its
impact on Earth, about the Sun as a generator of life, about other stars
and their birth and death. Jaan Einasto said that the location of the
systems of galaxy carries information about the creation of the
structure of the Universe. He also spoke about hidden matter and its
role in the development of the Universe, about the dark energy, which
makes the Earth grow more rapidly. Einasto also pointed out the
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recent discoveries in studying background radiation, distant flashes of
gamma radiation and the development of the Universe. The
presentation was illustrated with a videofilm about the development of
the Universe.

Ivar Puura in his presentation “Search for the earlier traces of
life” summed up the search and efforts, also the success made in
studying the oldest traces of life. He mentioned that among the traces
of life outside the Earth the most important are the part of the crust of
the Mars which have reached the Earth as meteorites. It was supposed
that they contained biologically formed minerals and organic
molecules. Later research revealed that these meteorites were of non-
organic origin. Also, the research of primeval rocks on the Earth
continues. Consequently, the search for the oldest traces for life goes
on.

Toomas Tammaru in his presentation “Why is it necessary to
study nature? Examples from ecology” expressed his worries about
the preservation of natural culture in Estonia. He gave an example that
in evolutionary ecology the comparative method is more widely used.
To establish evolutionary changes, we must use the family tree of the
group under study. Also, we must know the values of the features
under study for many species. Such an approach demands that
scientists should have an essentially wider naturalistic background
than in the case of the experimental ecology, which has been
dominating until now. The ENS has a central role in preserving the
naturalistic traditions. The ENS should develop a constructive
dialogue with the institutions of nature protection, because very strict
nature protection decreases the amateur researcher's opportunities and
is thus a danger factor for our field of culture. He mentioned that the
ENS should protect actively and with good reason the amateur
researcher's interests to preserve naturalistic culture.

Tiiu Kull in her presentation “Developments in Estonian botany”
characterized the work and the results of research of the last ten years
having a longer significance and value. In the field of research in
botany it is important to publish taxonomic guides. A three-volume
overview of the Baltic flora and the bibliography of Estonian plants
have been published. The atlas of Estonian plants has been compiled.
More profound study of some taxons is under way, etc. In the study of
the vegetative cover profound inventories are made in types of
association ( bottomland meadows, meadows covered with scattered
trees and old stands). Experimental study of the mechanisms of the
coexistence of species, the diversity of association and the study of the
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vertical structure of association continue. In comparison with the
previous decade, the trends of research today are more connected and
intertwined.

Leho Tedersoo spoke about mycorrhiza in his presentation “The
association of a fungus and a plant.” Mycorrhiza or a fungus root is a
complex organ consisting of the cells of a plant root and a fungus. It
has a significant role in the mineral nutrition of some plants.
Mycorrhiza is beneficial to both a plant and a fungus. Through
mycorrhiza the fungus gets mainly carbohydrates from the plant, the
plant gets mineral salts and water from the fungus.

Kadri Tiiiir in her presentation “150 years of Estonian literature
on nature” defined the notion “literature on nature” which can be
defined in a wider sense involving all the texts devoted to nature or in
a narrower sense as essayistic texts which are based on the author's
direct impressions and the naturalistic knowledge aimed at attracting
the reader’s attention to the aesthetic and ethical aspects. In a longer
perspective the author's intention is to take the reader back to such
nature which inspired him or her to write this text. Texts on nature are
characterized by the vision of nature as a process, not a static
background to human activity. She mentioned that literature on nature
is characterized by the fact that it is located in a three-directional field
of influence. Literature on nature appears at the intersection of
scientific literature, fiction and documentary literature. The history of
the formation of Estonian literature on nature is only half a century
long. At the beginning of the development, we can mention
journalistic writing, calendars, school textbooks. The Estonian
literature on nature is not so much characterized by featuring global
problems of the environment but it shares information about local
natural heritage and the respective knowledge.

The conference sessions were followed by the visit to the
exhibition and the presentation of L. Kongo's book “150 years of the
activities of the Estonian Naturalists® Society”.

The jubilee banquet took place in the restaurant Piissirohukelder
(Gunpowder Cellar).
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DYNAMICS OF FUNCTIONAL PARAMETERS OF
PEDAGOGICAL HIGHER SCHOOL STUDENTS AT
THE INITIAL STAGE OF TRAINING

Valery Kryvitski

Department of Anthropology and Ecology, The State Scientific Institution
“The K. Krapiva Institute of Arts, Ethnography and Folklore of the National
Academy of Sciences of Belarus”, Minsk, Belarus

ABSTRACT

The data received by the author of this work characterize features
of some functional parameters of the dynamics of young people
during their studies in pedagogical higher educational institution of
Minsk. The significant increase of blood pressure and heart rate of
male students during the period from the first to the second years
of their training in the higher school is revealed. The adaptational
abilities of students, estimated according to individual morpho-
functional parameters, on the contrary, reveal a significant
decrease. The tone of skeletal muscles, determined according to
the hand dynamometric has not changed significantly, despite the
considerable increase of many morphometric parameters.

This situation is regarded as alarming and demands more
attention to this problem for the university administration, on the
basis of which the research has been carried out.

Key words: students, morphofunctional parameters, adaptational
abilities

INTRODUCTION

According to many authors {5, 6, 11 and others], for the last years the
reduction of health and physical development (PD) level of young
men who have entered the Belarus higher schools is observed. The
number of students who are attributed to «special medical groups» —
the groups of students with health deviations, — is constantly growing.
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They are not capable of doing well within the usual programme of
physical studies [9]. In the end of education the increase of the disease
level is marked [11].

A cardiovascular pathology occupies one of the first places among
the infringements of the health of young students. [3, 7]. To a great
extent, it is caused by the fact that the cardiovascular system is the
first to react to numerous influences of damaging environmental
factors. The results of the researching of dynamics of blood
circulation parameters give the possibility to appreciate the state of
health of the future diploma specialist, to reveal the character of
influence of training conditions on the students in a higher school.

MATERIAL AND METHODS

The research object consists of the male students who have entered the
Belarusian State Pedagogical University named after M. Tank (BSPU)
in 2002. The research has been carried out in 2 stages. In the first
stage (September — October 2002) the morphofunctional parameters of
101 first year students were investigated. The second stage was done
in September — October 2004, when the young men became the 3-rd
year students. The number of the investigated young men was 102
persons, 87 persons of which were researched repeatedly, and 15 of
which — for the first time.

The age of the men in the first research was 17-21 (with the
prevalence of 18-year-old students). In the second year the group
consisted of students of 19-23 (with the prevalence of 20-year-old
students). The investigated young people studied at the faculties of
history, physics, mathematics and at the faculty of natural sciences.

The anthropological programme included several tens of
morphofunctional attributes, among which there were systolic (SP)
and diastolic (DP) pressure, pulse rate (PR), PR after a dosed physical
exercises, the indications of hand dynamometric, and also the length
(L) and the weight (W) of the body, the chest circumference (CC).

Anthropometrical measurements have been made according the
standard technique [8]. The metal anthropometer (manufactured in
Switzerland) has been used for L measurement. W has been measured
with the help of medical scales with the minimal division of 50 g, and
CC - with a centimeter tape. The arterial pressure was fixed by the
Korotkov’s method with the help of the pneumatic tonometer and the
phonendoscope. PR was defined by the palpation of arteria radialis for
0.5 minutes. The received frequency was multiplied by 2.
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The exercise test (in compound of the modified Martine’s test)
contained 20 knee-bends for 0.5 minutes.

The hand dynamometric characterized a tone of skeletal muscles. It
has been made by the dynamometer with the minimal division of 2 kg
(manufactured in the USSR).

For both groups of students the values of the descriptive statistics
of the above-stated parameters were calculated: mean (x), mistake of
mean (m (x)), an average standard deviation (s), etc. Parameters of
blood circulation system (the SP, DP and PR) were estimated
according to specifications offered by A.l. Kienja and J.I. Ban-
dazhevskiy [4]. They provide low, medial and high gradation of
ratings of the attributes.

Using of the anthopometrical data the adaptational potential (AP)
of an organism for each student is determined according to the
formula by R.M. Baevskiy et al. [1].

AP (in balls) = 0.011 (PR) + 0.014 (SP) + 0.008 (DP) + 0.014 (A)
+ 0.009 (W) — 0.009 (L) — 0.27, where SP and DP are the values of
systolic and diastolic pressure (in mm Hg); PR — pulse rate in 1 min;
A — age (in years); W — weight of a body (kg); L — length of a body
(cm).

The thresreshold value for satisfactory adapting is the level 2.1
balls, i.e. all values which are lower than this parameter speak about
normal adapting; the values of AP from 2.11 up to 3.2 balls testify to
stress of adaptive mechanisms; the limits of oscillations from 3.21 up
to 4.3 balls are characteristic of unsatisfactory adapting; the failure of
adapting comes after 4.31 balls.

The autonomic index Kerdo (AIK) and the Robinson index (RI)
are also calculated.

AIK = (1 = DP / PR) * 100. This index is used for researches of
connection of vegetative and cardiovascular systems parameters, as it
reflects a status of the vegetative nervous system. The positive values
show the prevalence of sympathetic, negative — of parasympathetic
regulation of the nervous system. AIK = 0 on condition of full
vegetative balance [2]. The norm values from -3 up to +3 were
accepted.

RI=SP * PR / 100. The given parameter has a correlation with the
consumption of oxygen by a myocardium of ventriculus sinister [10].

T-test and Xz criterion were applied for the calculation of the level
of signification. All the calculations are carried out with the
possibilities of the Microsoft Excel program.



204 Dynamics of functional parameters
RESULTS

The changes of the mean values of some functional parameters of the
BSPU students for two years of studying are shown in Table 1. By the
majority of the presented indicators the distinctions are statistically
significant.

Significant growth of SP and DP — on 4.72 (p <0.01) and 5.44 mm
Hg (p <0.001) accordingly, — displays adverse changes in the blood
circulation system of the students. The mean values of the PR in rest,
the PR after the exercise test, the hand dynamometric, and also the RI
do not reveal significant distinctions.

At the first investigation stage the students in most cases had
average ratings of SP, DP and PR parameters (respectively: 67.3%,
62.4% and 82.2%). We found a considerable number of high ratings
of the arterial pressure (systolic —32.7%, diastolic —37.6%), with the
absence of the lowered. Low and high gradations of PR are submitted
in the group in similar shares: 9.9% and 7.9% respectively.

The third-year students show the tendency of increasing of SP, DP
and PR values. The medium gradations of attributes consisted
respectively: 47.1%, 33.3% and 28.4%; high — 52.9%, 66.7% and
60.8% respectively. The fraction of students with low PR values
practically has not changed and is 10.8%.

The change of ratings’ structure of SP, DP and PR parameters is
displayed in Figures 1, 2 and 3.

For all the three indicators there is a distinct shift to the side of
high ratings (p <0.01). Such an increase of the percentage of persons
with the high parameters of the cardiovascular system functioning
testifies the growth of the influence of stressful factors on organisms
of the investigated students and even the occurrence of disadaptation
phenomenon by the third year of studies in higher educational
institutes.
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Table 1. Dynamics of the morphofunctional parameters of male students
of BSPU during the first two years of studying

2002 2004

Parameters p<

n X s n X s
Height (cm) 101 [178.44 | 6.47 | 102 | 178.98 652 -
Weight (kg) 100 | 67.96 | 1046 | 102 | 72.27| 1299 0.01
Chest circum-
ference (mm) 101 |864.00 | 67.38 | 102 | 918.99| 78.53| 0.001
SP (mm Hg) 101 |130.67 | 11.52 | 102 | 135.39| 11.81| 0.01
DP (mm Hg) 101 | 85.00 | 7.94 | 102 | 90.44 9.42| 0.001
Pulse rate (per
min) 101 | 73.21 |12.27 | 102 | 73.59| 13.18
Pulse rate after
exercise test
(per min) 101 | 88.50 | 16.41 | 102 | 92.18| 14.89
Dynamometry,
right hand (kg) | 101 | 47.25 | 7.34 | 102 | 49.21 6.99
Dynamometry,
left hand (kg) 101 | 4486 | 7.16 | 102 | 46.94 6.89
AP * 100 230 | 0.27 | 102 2.48 0.35| 0.001
AIK ** 101 |-19.30 {22.23 | 102 | -26.20| 22.54| 0.05
[R *** 101 | 95.60 | 17.70 | 102 | 99.88| 21.22| -

*AP — an index of adaptational potential;
**k* RI - the Robinson index.

** AIK — autonomic index Kerdo;

low

medium

high

Figure 1. Dynamics of SP ratings of the BSPU students during the first
two years of studies.
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low medium high
Figure 2. Dynamics of DP ratings of the BSPU students during the first
two years of studies.

low medium high
Figure 3. Dynamics of PR ratings of the BSPU students during the first
two years of studies.

The discovered increase of the W values and of the cardiovascular
system activity parameters was reflected on the AP change of
investigated young people (Table 2).

For two years of training the percentage of persons with
satisfactory adaptation has decreased more than twice — on 16.2%
(p <0.01). At the same time, the number of students with adaptational
mechanisms stress has increased to 14.3% (p <0.025) and the cases of
unsatisfactory adaptation have appeared.

The distribution of AIK ratings does not reveal significant changes
for the examined period. In the beginning of the first year the
parasympathetic regulation of the nervous system was fixed for 80.2%
of students, normotonic regulation — for 6.9%, sympathetic regulation
— for 12.9% of persons. By the third year parasympathetic regulation
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was registered for 86.3% of young men, normotonic regulation — for
4.9%, sympathetic regulation — for 8.8%. For the overwhelming
majority of students the parasympathetic regulation of the vegetative
nervous system at both phases of research has prevailed.

Table 2. Dynamics of adaptational potential estimations of the BSPU
students during the first two years of training

. . 2002 2004
index gradation p<
N=100 N=102

satisfactory

adaptation 27.0 10.8 0.01
stress of adaptive

mechanisms 73.0 87.3 0.025

unsatisfactory

adaptation 2.0
DISCUSSION

Thus, the data received by us coincide with the conclusions of some
scientists of Belarus and point out to the large stress of adaptational
processes for the students of the pedagogical higher educational
institution, both right upon entrance and in the beginning of the third
year. The results of our research testify to the negative changes in the
cardiovascular system activity of the BSPU students during studies in
the first and the second years of studies. It is possible to explain the
given fact by the peculiarity of training and a way of life of modern
students. They experience constant influence of educational stresses,
lack of sleep, consequences of bad habits, an irrational nutrition,
frequently — lack of motion, etc. Difficult economic and ecological
conditions in our republic play their negative role, too.

The facts, discovered by our researchers, speak about the necessity
to pay attention to the condition of health of students in the early
stages of studies and to develop the preventional program of adaptable
failures for young people.
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ABSTRACT

The estimation of correlation coefficients has become an easy task
since comfortable computer software is available to the end that in
numerous publications whole batteries of correlation coefficient
matrices are being presented. However, the effects of confounding
variables are not always recognized and not searched for. Hence
false conclusions are drawn from otherwise important scientific
studies.

This study offers a tool which allows researcher to estimate in
advance those correlation coefficients which are promising
candidates of being biased by a third variable. This is time sparing
because only targeted coefficients need then to be recalculated.
Furthermore, the tabulated data are given which allow to roughly
and quickly estimate partial correlation coefficients.

Key words: partial correlations, spurious correlations, limiting
conditions, tabulated figures

INTRODUCTION

Commonly, only if the entire underlying data set is available, do
statistical packages (e. g. SPSS) allow the researcher to estimate
partial correlation coefficients. However, their retrospective calcu-
lation from the given correlation coefficients usually requires a
separate calculating step.

To disclose a correlation ry, between the two variables x and y, as
being biased by a common variable z, the calculation of partial
correlations ryy , is necessary in order to eliminate its influence. Such
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procedures are time consuming especially when many variables are
involved and all the possible combinations need to be checked. The
aim of this communication is to provide an easy to use table covering
correlations ry, and ry, in discrete 0.1 steps (range 0.1 to 0.9) which
allows the researcher to decide whether the correlation r,y is probably
biased or not, and only then to do the necessary exact calculations.
Furthermore, an easy way to approximately estimate partial
correlation coefficients is offered which only requires a simple
algebraic calculator or allows to even proceed without mechanical or
electronic tools. Examples from medicine and anthropology illustrate
its use.

METHODS AND RESULTS

Let us assume that there are three independent mutually correlated
variables x, y and z with correlation coefficients r,y, ry,, ~ Which are
significantly different from zero. If x and y are suspected to be
influenced by the variable z, the calculation of the partial correlation
Iy, is required. The underlying algorithm needs this triplet of
correlation coefficients and uses the following formula:

Ty = (T = Ty ) (1 — )(1 = 13,)) "7 (1)

If all the necessary assumptions (e.g. population homogeneity,
independence of variables, etc.) are met, a confounding influence by
the variable z obviously can be expected if

Tayz <Txy (2
and most likely exists if
Ty = 0 3

The influencing part of z is explained by the difference d = r,, — 'y ..
A large biasing effect of z will thus create a markedly large d which
reaches r’;, as a maximum.

After inserting (2) into (1) and rearranging, follows

Ty < Taalye(1 = (1 — 20)(1 = 12))° @)
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This marks the “upper” limit for ry, and only for the figures which are
smaller a common influence of z on variables x and y may be
suspected.

Numerical solutions for r, (0.1, 0.9; step 0.1) (i = x, y) are listed in
the first line of each data set in Table 1.

Table 1. Upper and lower limits for r,, for any given pair of correlations
1, (0.1, 0.9; step 0.1) (i = x, y); the closer 1, comes to the lower figure the
more likely a spurious correlation will be suspected

01 02 03 |04 |05 0.6 (0.7 0.8 0.9

0.1 1.00
0.01

0.2 0.80 11.00
0.02 {0.04

03 0.59 j0.92 |1.00
0.03 ]0.06 |0.09
0.4 0.45 10.78 |0.96 |1.00
0.04 |0.06 |0.12 [0.16
0.5 036 |0.66 |0.86 [0.97 |1.00
0.05 j0.10 j0.15 |0.20 0.25
0.6 0.29 |0.56 |0.76 10.90 |0.98 |1.00
0.06 |0.12 |0.18 [0.24 |0.30 ]0.36
0.7 0.24 (047 (0.66 [0.81 |0.92 1098 |1.00
0.07 |0.14 |0.21 |0.28 |0.35 ]0.42 ]0.49
0.8 0.20 |0.39 |0.56 |0.71 |0.83 |0.92 ]0.98 |1.00
0.08 [0.16 |0.24 |0.32 |0.40 |0.48 10.56 [0.64
0.9 0.16 1031 |0.46 |0.60 10.72 |0.83 [0.92 [0.98 |1.00
0.09 |0.18 [0.27 036 045 |0.54 10.63 [0.72 |0.81

It is noteworthy to mention, however, that if r,, exceeds this “upper”
limit, then the variable z acts as a suppressor variable [1] which means
that by its action a true correlation between the variables x and y is
obtunded and will be apparent only after partialising, thus increasing
the predictive regression validity.

The “lower” margin for ry, follows from (3) after inserting into (1)
which gives

Ty  Txalyz &)

and figures are given in the second line of Table 1. If (5) is satisfied,
then r,, , becomes zero and if initial conditions are not violated, z will
be a strongly biasing variable.
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So far it has been assumed that all the correlation coefficients are
positive. In the case ofi inverse correlations several possibilities must

be taken into account:
Equation (4) changes into (4°) if either r; or ry, are negative, thus

Ty >~ Taty(1 = (1 - 21— 2 (@)
and likewise (5) into (5)
Iny = = Ixelyz (5 )

The tabulated figures may be used accordingly.

For a rough estimate ofi the partial correlation coefficient ry, , equation
(1) can be transformed into a linear equation of the general form

Tryz — kTxy = b 6
where k= ((1-2)(1 - 13,,) "’ (7
and  b=rer((I-P)(1-) " (8)

Figures for k and b for r;, (0.1, 0.9; step 0.1) (i = x, y) are listed in
Table 2.

DISCUSSION

It must be kept in mind that all the correlation coefficients, r,, as well
as ry, and ry,, should be statistically different from zero or, in other
words, their confidence intervals should not include zero. Such
correlations must not be processed further. Likewise it should be
remembered that e. g. for r = 0.20 already about n = 100 elements are
needed to cover a 95%-confidence interval between 0.02 and 0.38.
Any partial correlation coefficient must be tested for its confidence
intervals or must at least be different from zero by using appropriate
procedures which will not be discussed here but can be found in any
basic textbook on statistics.

The following examples will explain the use ofi the tables.

Example 1: Based on data from the Framingham study, Florey has
presented the following correlation coefficients for a female
population [2]: body weight vs body mass index (BMI) (which
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Table 2. Figures for k and b from equation (7) and (8) for any given r,,
(0.1, 0.9; step 0.1) (1 =1x, y) for the approximate estimation of r,, ,

01 |02 (03 (04 (05 (0.6 (0.7 |0.8 (0.9
0.1 |k |1.01
b [0.01
0.2 |k |[1.03 |1.04
b {0.02 |0.04
03 |k |{1.05 |1.07 |1.10
b [0.03 |0.06 [0.10
04 |k !1.10 [1.11 |1.14 |1.19
b |0.04 |0.09 |0.14 |0.19
05 |k |1.16 [1.18 |1.21 |1.26 |1.33
b |0.06 [0.12 |0.18 |0.25 [0.33
0.6 |k |1.26 [1.28 |1.31 [1.36 |1.44 |1.56
b |0.08 |0.15 |0.24 {0.33 10.43 |0.56
0.7 |k 141 [143 147 |1.53 [1.62 [1.75 [1.96
b |0.10 [0.20 [0.31 [0.43 |0.57 |0.74 |0.96
08 |k (1.68 [1.70 |1.75 [1.82 |1.92 [2.08 [2.33 |2.78
b [0.13 [0.27 |0.42 |0.58 10.77 |1.00 |1.31 |1.78
09 |k (231 |2.34 |240 (2.50 |2.65 |2.87 |3.21 |3.82 ;5.26
b |0.21 [0.42 |0.65 |0.90 |1.19 |1.55 |2.02 |2.75 [4.26

corresponds to 1, in the terminology used here): 0.90 (n = 2519);
body weight vs triceps skinfold (ry,): 0.47 (n = 2202); BMI vs triceps
skinfold (ryy): 0.46 (n = 2202).

Looking into Table 1 shows that for r, = 0.9 and 0.5 respectively,
Iy, must be between 0.72 and 0.45 which is the case. As 0.46 comes
very close to the tabulated lower margin, the partial correlation will be
certainly very low. A rough calculation can be performed by using
Table 2 which gives for r, = 0.9 and 0.5 respectively: ryy, = 0.46 -
2.65 — 1.19 = 0.03. Using the original figures which are given to the
second decimal place 1y, , = 0.096 is obtained which in this case is still
highly significant (p < 0.01). But it shows that from the assumed
correlation between BMI and triceps skinfold (%, = 21.2%) only
0.096% = 0.92% are explained by the BMI, and 21.2-0.92 = 20.3% are
explained by the body weight. It must rightly be questioned if such a
low correlation, though statistically significant, would be of any
practical relevance.
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A remarkable decrease after partialising as just demonstrated can
always be expected if basic assumptions are violated. In the presented
case the formal or functional correlation between the body weight and
the body mass index is responsible for the observed effect.

Example 2: In an attempt to find a reasonable predictor variable for
the depth to the epidural space, the lower arm circumference (x) was
measured and correlated with the depth to the epidural space (y) found
during epidural puncture [3]. The study revealed r,y, = 0.399 (n = 700).
Body weight (z) was also correlated with the other two variables: r,, =
0.685 and ry, = 0.603.

A quick look into Table 1 shows for r,, = 0.7 and 0.6 respectively
that r,, should be within 0.70 and 0.42 respectively. ry, approximates
this lower margin satisfactorily. Calculating ry, , from the database on
hand with SPSS gave — 0.024 (p = 0.528). Calculation by using Table
2 gives — 0.04 which is in excellent conformity with the figure just
mentioned.

In this case the lower arm circumference acts just as a substitute
for body weight which is the sole variable which controls the insertion
depth. The established correlation is a spurious one.

Time or age act as confounding variables quite often, and in
anthropometric studies also weight and height, as the leading variables
of body build, should always be suspected to have a strong influence
on correlations. The use of the suggested procedures makes an
advance testing of partial correlations easy. Its routine use is well
recommended in order to not overlook interfering effects.
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