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EFFECTIVENESS OF MASSAGE AND 
ULTRASOUND THERAPY IN PROMOTING 
POST-EXERCISE MUSCLE REPAIR AND 

RECOVERY 

P. M. Tiidus 
Department of Kinesiology and Physical Education 
Wilfrid Laurier University, Waterloo, ON Canada 

ABSTRACT 

Massage and ultrasound are common interventions employed in athletic 
settings to treat exercise induced muscle damage. Despite their wide
spread use, there is relatively little empirical data available to support or 
refute their efficacy in enhancing post-exercise muscle recovery and re
pair related physiological processes. The evidence currently available is 
often contradictory and usually not strongly supportive of a major thera
peutic effect of either massage or ultrasound treatment on physiological 
or functional indices of short or longer term recovery from exercise in
duced muscle damage. Nevertheless, enough positive evidence and po
tential exist to warrant further investigation into their effects on recovery 
from exercise induced muscle damage. The potential psychological or 
relaxation inducing effects particularly of massage also cannot be dis
counted in the overall post-exercise recovery of athletes. There appears to 
be relatively stronger evidence for positive physiological effects of mas
sage and ultrasound therapy in healing of tendon injuries than in influ
encing post-exercise muscle recovery. 

Key words: muscle damage, massage, ultrasound, muscle repair, tendon 
repair, exercise, muscle soreness 



8 Effectiveness of massage and ultrasound therapy 

INTRODUCTION 

The use of manual massage as a therapeutic intervention in muscle 
recovery following training has long been a popular practice 
among athletes and those who treat them [3]. Among its reputed 
sports related therapeutic benefits are, quicker recovery following 
intense exercise, enhanced healing of skeletal muscles and connec
tive tissues following exercise induced muscle damage, reduction 
of muscle soreness and swelling, attenuation of post-exercise mus
cle inflammatory response and promotion of muscle relaxation [4, 
23, 43]. The practice of using ultrasound therapy as a means of 
enhancing muscle healing also has a long history, primarily in 
clinical settings [33, 35]. While less commonly used to enhance 
muscle recovery following exercise, ultrasound has routinely been 
used to treat exercise induced soft tissue injuries including muscle 
and tendon strains and muscle soreness [34]. This review will ex
amine the surprisingly limited empirical data on the potential of 
these common treatment modalities in enhancing recovery from 
exercise induced muscle damage and their potential physiological 
mechanisms of action. 

MODES OF MANUAL MASSAGE AND 
ULTRASOUND APPLICATION 

The three most common forms of manual massage therapy include 
effleurage, petrissage and tapotement. Effleurage involves muscle 
stroking along the long axis of the muscle with varying degrees of 
pressure while petrissage involves rolling or kneading muscle ma
nipulations [22, 28]. Both effleurage and petrissage are alleged to 
be effective in muscle "restoration" [22, 28]. Tapotement involves 
a sustained series of light percussive blows to the muscle with re
laxed hands and is generally used as a muscle "stimulant" prior to 
exercise [22]. 

Therapeutic ultrasound can be applied in either continuos or 
pulsed modes, usually at frequencies between 1-3 MHz. Muscle 
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penetration is greater (up to 5 cm) with lower frequencies and more 
superficial (1-2 cm) with higher frequencies. Ultrasound in the 
continuous mode is often used for muscle heating effects, based on 
the dissipation of ultrasound energy as heat as the ultrasound wave 
travels through tissue [33]. For example, increases in muscle tem
perature of over 5 С at a depth of 5.0 cm has been reported with 
10 minutes of 1.0 MHz of continuous ultrasound treatment at an 
intensity of 1.5 watts/cm2 [9]. Pulsed ultrasound involves periodi
cal interruption of the ultrasound beam (i.e. 1 msec on, 4 msec 
off = 20% duty cycle) such that non-thermal or mechanical effects 
of the ultrasound beam on tissue are emphasized and tissue heating 
minimized. The non-thermal effects of ultrasound generally in
volve an increase in cellular fluid movement or "streaming". By 
continuously moving the ultrasound transducer head the potential 
muscle damaging effects by ultrasound such as overheating and 
unstable cavitation can be minimized [33]. Length of treatment 
time varies among practitioners but usually ranges around ten min
utes per application. 

MUSCLE DAMAGE AND REPAIR PROCESSES 

As suggested by practitioners, manual massage and ultrasound 
treatment for exercise damaged muscle should accelerate the heal
ing process. This review will focus particularly on their potential to 
influence recovery from acute novel physical activity or from 
chronic overtraining induced muscle damage as opposed to clinical 
muscle tears and strains. This type of damage is often induced in 
animal and human models by eccentric exercise [31]. If manual 
massage and ultrasound therapies are to influence muscle recovery 
following exercise induced damage, their application should affect 
one or more of the physiological factors associated with exercise 
induced muscle damage and repair. These include (but are not lim
ited to) muscle swelling, muscle sarcolemma disruption and en
zyme leakage, leukocyte infiltration, heat shock protein synthesis, 
sarcomere disruption and muscle ultra-structural damage, lysoso-

2 
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mal enzyme activation, as well as alterations in muscle protein 
metabolism and calcium homeostasis [5, 15, 31]. In addition, the 
activation of muscle satellite cells and their influence in new myo-
tube and myoblast formation is critical to ultimate muscle recovery 
[17]. Some of the more overt physical symptoms of exercise in
duced muscle damage include delayed onset muscle soreness 
(DOMS), loss of muscle force generating capacity, and muscle 
swelling and stiffness [1,5, 45]. The effects of massage or ultra
sound treatment on most of these processes and symptoms of mus
cle damage and repair have not been extensively researched [43, 
45]. In fact there is currently almost no data available on the ability 
of either massage or ultrasound to directly influence any of these 
parameters. The following is a summary of what empirical evi
dence is currently available regarding the influence of massage or 
ultrasound on post-exercise muscle repair, functional recovery and 
related parameters. 

POTENTIAL EFFECTS OF MASSAGE ON INDICES 
OF MUSCLE DAMAGE AND RECOVERY 

While numerous potential mechanisms of therapeutic action for 
massage have been proposed, the most likely effects of massage 
which may influence post-exercise muscle repair include its re
puted potential to influence muscle blood flow, reduce edema for
mation, reduce pain sensation and induce muscle "relaxation" [3, 
4]. 

It has been suggested, but never actually empirically demon
strated, that increased blood flow to muscle following exercise in
duced injury may have therapeutic effects [3, 33]. Although some 
early studies suggested that manual massage might be able to in
fluence blood flow to the treated muscles [3] most, but not all, 
studies have not shown a strong influence of massage on measures 
of muscle blood flow [43]. Two recent studies employed Doppler 
ultrasound to determine limb blood flow [37, 47]. These well con
trolled studies presented strong evidence for a lack of effect of any 
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of effleurage, petrissage or tapotement massage techniques on arte
rial or venous blood flow into or out of either large (quadriceps) or 
small (forearm) muscle groups during or after application of mas
sage in normal humans [37, 47]. Based on these studies and the 
weight of evidence from most other well controlled previous stud
ies, it seems that any type of manual massage is unlikely to have a 
significant influence on the degree of blood flow directed into or 
out of the treated muscle(s) either during or following massage 
treatment. In fact as Tiidus et al. [47] and Shoemaker and Tiidus 
[37] demonstrated, even very light muscular contractions will have 
significantly greater effects on arterial and venous muscle blood 
flows than massage could ever hope to achieve. Hence, if an in
crease in muscle blood flow following muscle damage is indeed 
therapeutic (which is by no means certain), then very light muscu
lar contractions rather than massage should be prescribed [37]. 

Post-exercise muscle inflammatory response and neutrophil/ 
macrophage invasion of muscle is essential to subsequent muscle 
healing [38, 42, 44]. Inhibition of this process leads to lack of mus
cle recovery, while an overstimulation potentially leads to inflam
mation related muscle damage [42, 44]. Very few studies have at
tempted to examine the potential for massage to affect post-
exercise muscle inflammatory responses [39]. Those that have 
been conducted, have used indirect measurement methods and 
have found little evidence that massage has any substantial effect 
on post-exercise muscle inflammatory processes [39, 45]. 

A common inflammatory related effect of exercise induced 
muscle damage is post-exercise muscle swelling and edema for
mation which may peak at 2-3 days post-damage and last for up
wards of one week [15]. If massage is able to diminish edema for
mation, it is conceivable that this might benefit post-damage re
covery in some, as yet undefined, way. Because of the difficulties 
in its measurement, little direct evidence exists to support or refute 
the claims that massage may be able to influence muscle edema 
formation or level by improving muscle lymph flow or drainage in 
humans. There is some indirect evidence that massage may be able 
to reduce local subcutaneous edema in some clinical conditions 
[18, 48]. However in humans, this potential effect has never been 
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measured in relation to muscle [3, 45, 48]. The use of a few animal 
models have demonstrated some potential for massage to influence 
muscle lymph flow [48]. However, these results are not conclusive, 
may be non-physiological and have shown only small benefits to 
lymph flow, which may be no greater than that achievable by light 
muscular contractions [4, 12, 48]. Hence, the potential for massage 
to influence muscle lymph flow following damage in humans and 
the benefits, if any, of such an influence are currently unknown. 
Therfore, any claims for beneficial effects of massage on post-
damage muscle recovery, based on improved edema clearance, are 
rooted more in wistful thinking than any empirical evidence gath
ered to date. 

A commonly heard, related myth regarding the benefits of mas
sage therapy are centered on its potential to remove "toxins" or 
lactic acid from muscle after exercise or muscle damage [26, 43]. 
Proponents of this myth unwittingly suggest that lactic acid or 
other unnamed "metabolic toxins" cause muscle damage and mus
cle soreness following exercise and have to be removed by mas
sage in order to restore or heal the muscle [43, 45]. It has been well 
established that muscle lactic acid accumulation does not cause 
post-exercise muscle soreness (DOMS) or result in muscle damage 
[1, 5, 15, 31, 38]. In addition, several human studies have demon
strated that massage has no influence on post-exercise blood lactate 
clearance [24, 26] and that light exercise is much more effective in 
this regard [24]. Since, as previously mentioned, massage has no 
influence on muscle blood flow, this result is not surprising. There
fore these sorts of suggestions can be totally discounted. Several 
recent studies have also found little consistent effect of massage on 
post-exercise muscle soreness sensation (DOMS) [3, 39, 43, 47]. 
Therefore the potential analgesic effects of massage on DOMS ap
pear to be minimal. However a recent review did suggest that fur
ther well controlled research was needed to fully ascertain the po
tential for massage to influence post-exercise soreness sensation 
[14]. 

A ubiquitous characteristic of exercise damaged muscle is a 
prolonged (4-10 days) depression of ability to generate force [5, 
15]. This is likely due to exercise induced structural disruption of 
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sarcomeres, which recover their integrity during the repair process 
[15, 31]. Warren et al. [49] have suggested that rate of recovery of 
muscle force in an eccentrically damaged muscle model is one of 
the most sensitive measures of recovery from muscle damage. Few 
studies have directly examined the potential for massage to influ
ence post-exercise muscle force recovery in humans. One study 
[47] which did report on the potential for daily massage therapy to 
influence post-eccentric exercise return of muscle force over 4 
days in human subjects was unable to demonstrate any positive 
effects of massage on this parameter in either isometric or dynamic 
isokinetic movements. Rodenburg et al. [36] did report some minor 
effects of the combination of massage in combination with warm 
up and stretching on post-exercise strength recovery. However, 
they attributed these benefits to warm up and stretching and dis
counted massage as a contributing factor [36]. Several studies have 
also looked at the potential for massage to influence exercise per
formance and speed recovery from exercise induced muscle fa
tigue. Although there is some conflicting evidence, the majority of 
well controlled studies have found little evidence for any beneficial 
effect of massage treatment either before exercise; in enhancing 
subsequent performance, or immediately post-exercise in aiding 
recovery from fatigue [3, 4, 43]. Studies using elite cyclists [10] 
and boxers [26] have also not substantiated post-exercise massage 
as an aid to rapid recovery of muscle function from exercise in
duced fatigue in sports settings. 

While not directly related to exercise induced muscle damage, it 
has often been suggested that massage can eliminate muscle stiff
ness and "knots" and induce muscle relaxation [3, 48]. Although 
there is significant anecdotal evidence for such potential benefits, 
again empirical evidence for this is relatively scarce and difficult to 
measure. Some evidence for reduced sympathetic nervous activity 
post-massage is available [4] and two studies have suggested a re
duced H-reflex response (a measure of muscle tone) in calf muscle 
during, but not immediately following massage [30, 41]. Another 
study [29] found that massage temporarily reduced electro
myographic (EMG) activity in back muscles of healthy volunteers. 
In contrast, six weeks of massage and exercise therapy had only 
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minor effects on myofascial trigger points (muscle knots) and neck 
and shoulder pain in subjects with chronic muscle pain [20]. 

However, several studies have found that massage can induce 
psychological relaxation, reduce anxiety and have a positive effect 
on mood states in both athletes and normal individuals [26, 29]. 
Hence it is possible that while massage may have little effect on 
the physiological course of post-exercise muscle damage and re
covery, it may to some degree influence the psychological response 
to muscle damage and aid individuals in coping with the discom
fort and in perceived recovery. How these types of benefits may 
aid in overall recovery are not yet fully documented. 

POTENTIAL EFFECTS OF ULTRASOUND ON INDICES 
OF MUSCLE DAMAGE AND RECOVERY 

Ultrasound has also been proposed to have physiological effects 
similar to massage, which could potentially enhance muscle re
covery from exercise induced damage including; increased muscle 
blood flow, reduced muscle edema or swelling, as well as en
hanced inflammation leading to enhanced repair and reduced pain 
sensation [25, 33]. Heating via ultrasound is thought to promote 
tissue repair, possibly by increasing muscle blood flow, or by pro
moting inflammation related repair processes [33]. Non-thermal 
effects of ultrasound have been suggested by some practitioners to 
be of greater importance than thermal effects on enhancing general 
tissue repair, possibly by invoking fibroblast proliferation as well 
as other responses similar to those invoked by heating within tis
sues [33]. 

Despite its wide use in treating a variety of soft tissue injuries 
and damage, experimental data to explain its mechanisms of thera
peutic action or physiological effects on tissues is limited and can 
be contradictory [34]. Studies on a variety of soft tissue injuries on 
animal models have reported both enhanced healing rates as well 
as no effect of ultrasound treatments [34]. 
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Little direct evidence is available to assess the ability of ultra
sound treatment to influence post-exercise muscle damage and re
pair. One recent study employed a contusion injury model in rat 
muscle to assess the ability of ultrasound treatment in influencing 
post-injury muscle regeneration [35]. This study concluded that 
while ultrasound treatment may to some extent promote the satel
lite cell proliferation stage of muscle regeneration it did not have 
significant effects on the overall manifestations of muscle regen
eration [35]. 

The influence of ultrasound on other mechanisms which can 
potentially influence post-exercise muscle repair processes are also 
limited. As with massage, experimental evidence for the effect on 
ultrasound on muscle blood flow is mixed, with some studies 
finding no effect while others report small increases with treatment 
[16, 45]. Theoretically ultrasound may be able to influence tissue 
blood flow by changes in vascular tone brought on by induction of 
ion streaming or possibly by increasing local generation of hista
mine (a known vasodilator) caused by its degranulation of mast 
cells [16]. Tissue heating by ultrasound may also be capable of 
increasing tissue blood flow [45]. It is noteworthy that one study 
which found a small increase in arterial blood flow to the triceps 
surae muscle applied at 1.0 MHz at 1.0-1.5 W/cm2 also found that 
placebo application of ultrasound treatment with the ultrasound 
device turned off, could induce a similar small increase in muscle 
blood flow in most subjects [16]. It appears that if ultrasound can 
influence muscle blood flow, this effect is relatively small, incon
sistent and may in part be due to a placebo effect. 

As previously noted, ultrasound treatment of at least 8-10 min
utes, particularly in the continuous mode, can significantly elevate 
muscle temperature in muscle up to depths of 5.0 cm [8, 9]. While 
increased muscle temperature can theoretically at least enhance 
healing, little direct evidence is currently available as to its exact 
mechanisms. In addition, little empirical evidence exists which 
demonstrates enhanced healing in exercise damaged muscle fol
lowing heating by whatever means [46]. Thus the potential to en
hance post-exercise muscle repair by tissue heating induced via 
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ultrasound requires further research to define its actual effective
ness. 

As also noted earlier, the inflammatory response that follows 
exercise induced muscle damage is critical for the ultimate healing 
of the muscle. Yet an over reaction by inflammatory agents (i.e. 
leukocyte invasion) may also result in further tissue damage [44]. 
How ultrasound may influence this critical balance is not yet cer
tain. Based primarily on evidence from superficial wound healing, 
it has been suggested that the application of ultrasound shortly after 
injury may augment the initial inflammatory response and perhaps 
thereby speed up healing [11]. Alternatively, Hasson et al. [25] 
have suggested that ultrasound may have the potential to diminish 
post-muscle damage inflammatory response and hence minimize 
any inflammation induced tissue damage which may occur during 
the recovery process. Few studies have directly evaluated the po
tential for ultrasound to influence soft tissue inflammation. There 
are no such studies which directly examine the potential for ultra
sound treatment to influence post-exercise muscle inflammatory 
response. However a related study [40], reported that ultrasound 
treatment did not affect skin temperature (used as a crude marker 
of inflammation) in ultraviolet radiation damaged skin in normal 
humans when applied immediately post-injury. The applicability of 
this finding to exercise induced muscle damage is unknown. Hence 
the potential for ultrasound treatment to influence post-exercise 
induced muscle damage related inflammatory response and the ef
fects of this influence on ultimate muscle injury and repair remains 
untested. 

Three studies have examined the potential for ultrasound to in
fluence post-exercise muscle strength recovery and/or soreness 
sensation. Hasson et al. [25] reported that a single pulsed ultra
sound treatment immediately following eccentric exercise induced 
damage to the quadriceps muscles was able to significantly reduce 
soreness sensation and enhance strength recovery at 24 hours fol
lowing damaging exercise. In contrast Plaskett et al. [32] reported 
no effect of daily pulsed ultrasound treatments on the time course 
or degree of quadriceps muscle strength loss or recovery, up to 96 
hours after eccentric exercise. The time course and magnitude of 
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muscle soreness sensation was similarly unaffected by daily ultra
sound treatments over this time period [32]. Similarly a second 
recent study also reported no significant influence of high or low 
intensity pulsed ultrasound treatment on post-eccentric exercise 
induced muscle soreness sensation up to 48 hours following the 
exercise protocol [6]. In contrast to these findings a recent prelimi
nary study found a small but significant acceleration of strength 
return in post-eccentric exercise damaged muscles in rats that had 
been treated daily with ultrasound for one week [2]. Thus the few 
studies concluded to date present conflicting evidence as to the ef
ficacy of ultrasound treatment in influencing overt soreness symp
toms and muscle strength indices following exercise induced mus
cle damage. A recent study on patients with chronic musculo
skeletal related neck pain also found no significant effects of ultra
sound treatment on reducing pain over a 6 week period [20]. More 
work, particularly examining the range of ultrasound treatment 
modalities, is required before any conclusions can be drawn re
garding the ability of ultrasound to influence these overt aspects of 
muscle damage and repair. 

MASSAGE AND ULTRASOUND AFFECT CONNECTIVE 
TISSUE AND TENDON REPAIR 

As well as inducing damage to the muscle itself, intense exercise 
may also cause damage to inter-muscular connective tissue and to 
tendons. In contrast to the limited data which show a relative inef
fectiveness of ultrasound and massage treatments on post-exercise 
muscle damage and repair, there is relatively more positive data on 
the effectiveness on these therapeutic modalities on connective tis
sue related repair processes [45]. Ultrasound has been documented 
to effectively treat tendonitis in humans [27] and tendon damage in 
animals [19]. Improved repair and post-damage strength have been 
reported in surgically damaged Achilles tendons in animals treated 
with ultrasound during recovery compared to untreated controls 
[13]. Ultrasound application has also increased fibroblast prolif
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eration and collagen synthesis in cultured cells derived from rat 
Achilles tendons [34]. 

Massage like manipulation known as Augmented Soft Tissue 
Mobilization (ASTM) has also been reported to enhance healing of 
tendonitis in a rat model, possibly by increasing fibroblast prolif
eration [7]. Gehlsen et al. [21] found further support for this by 
demonstrating that ASTM will increase healing rate of artificially 
damaged rat tendons by increasing fibroblast numbers and mobili
zation in the damaged tissues. Hence at this time there appears to 
be more preliminary evidence for positive effects of massage and 
ultrasound treatment on tendon and connective tissue injuries than 
on exercise induced muscle damage. 

CONCLUSION 

Massage and ultrasound are common interventions employed in 
athletic settings to treat exercise induced muscle damage. Despite 
their widespread use, there is relatively little empirical data avail
able to support or refute their efficacy in enhancing post-exercise 
muscle recovery and repair related physiological processes. The 
evidence currently available is often contradictory and usually not 
strongly supportive of a major therapeutic effect of either massage 
or ultrasound treatment on physiological or functional indices of 
short or longer term recovery from exercise induced muscle dam
age. Nevertheless, enough positive evidence and potential exist to 
warrant further investigation into their effects on recovery from 
exercise induced muscle damage. The potential psychological or 
relaxation inducing effects particularly of massage also cannot be 
discounted in the overall post-exercise recovery of athletes. There 
appears to be relatively stronger evidence for positive physiologi
cal effects of massage and ultrasound therapy in healing of tendon 
injuries than in influencing post-exercise muscle recovery. 
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ABSTRACT 

In 1982 a simple method for the non invasive determination of the an
aerobic threshold by means of heart rate curve analysis has been pre
sented. The deflection of the heart rate performance curve (HRPC) near 
maximal performance was suggested to give a valid measure of the lactate 
threshold. However, several investigators failed to repeat these results and 
raised critical questions about the validity, objectivity and reliability of 
the concept termed the "Conconi-test". Although a great number of in
vestigations was presented in the last years almost none of these authors 
investigated the origin of the heart rate deflection phenomenon itself. 

Aim of our work group was to objectively describe the time course of 
the HRPC during incremental exercise, to prove the validity, objectivity 
and reliability of the threshold concept and moreover to investigate possi
ble physiological causes of the heart rate deflection phenomenon. Several 
papers will be presented in an overview of the last 15 years. 

Key words: Conconi-test, heart rate deflection, lactate turn point, maxi
mal lactate steady state 
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INTRODUCTION 

In 1982 Conconi et al. [16] presented for the first time a noninva
sive method to determine the "anaerobic threshold" by means of 
heart rate performance curve (HRPC) analysis only. These authors 
used the known effect that during incremental exercise the heart 
rate (HR) usually shows an s-shape [10] and they defined the run
ning speed at the deflection of the HR near maximal load as the 
"velocity deflection" (vd). Conconi et al. [16] presented a signifi
cant relationship between vd and the lactate anaerobic threshold. 
Figure 1 shows the principle of the determination of the HR de
flection. 
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Figure 1. Principle of the determination of the heart rate turn point 
(HRTP) and the first (LTP0 and the second (LTP2) lactate turn point by 
means of linear regression break point analysis. 

This method has been modified by the working group of Conconi 
for various groups of subjects and sports activities such as for chil
dren [1], sprinters and endurance trained runners [7, 16], swimmers 
[13], rowers [22] and other sports activities such as canoeing, cross 
country skiing, cycling, roller and iceskating and walking [17, 18, 
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23]. Because this test is very simple to perform it is very popular in 
training practice [9, 14, 31, 34, 35, 58, 61, 62, 64, 82, 83] and it has 
been modified for several applications like for children and un
trained subjects [2, 28, 77], patients [37, 73, 77] and older subjects 
[75, 77], white water kayakers [34, 35], marathon runners [31, 58], 
race walking [64], and laboratory conditions such as cycle ergo-
meter [30, 32, 36, 39, 41], treadmill [59, 60], rowing ergometer [9, 
22] and crank ergometer [54]. 

The method was supported by many authors [4, 6, 11, 12, 14, 
30, 32, 34, 38, 39, 59, 60, 61, 62, 67, 76, 77, 82] but was also criti
cized and rejected by a great number of investigators [9, 15, 27, 29, 
50, 51, 54, 55, 63, 79, 80, 81]. The main point of criticism was that 
a deflection of the HRPC necessary to detect a "threshold" could 
not be found in a certain number of subjects. Heck et al. [29] pre
sented a review of the literature showing 7.1 to 100% of HRPC's 
with no detectable heart rate deflection point. Methodological dif
ferences for the determination of the deflection point may explain 
this widespread of outcomes. In part there was a very low correla
tion found between the heart rate deflection point later called heart 
rate turn point (HRTP) or heart rate threshold (HRT) and other 
methods to determine the anaerobic threshold [15, 81]. In a review 
of about 400 papers dealing with the Conconi method we could not 
find any paper investigating the phenomenon of heart rate deflec
tion itself although most critical papers discuss the lack of a 
physiological basis for the heart rate deflection. Only one group 
presented an attempt using a model simulation to describe physio
logical causes for the phenomenon but did not support their as
sumptions by measured data [65]. 

Most questions regarding the method in the literature were 
about physiological explanations of the phenomenon. Additionally, 
low objectivity and reproducibility of the method were mentioned 
as reasons to reject the method [15, 27, 29, 50, 51, 55, 76, 81] 
which was in contrast to the high reproducibility presented by the 
working group of Conconi et al. [3, 16, 18]. The methodology it
self has been discussed critically [2, 18, 19, 20, 40, 49, 74]. 

Aim of our work group was to objectively describe the time 
course of the HRPC during incremental exercise, to investigate 

4 
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possible physiological causes of the heart rate deflection and to 
prove the practical application in exercise training. 

METHODS 

To objectively describe the HRPC we developed in a first step a 
computer program (PA7000) for HR data analysis [33, 39, 56, 57]. 
The direction and the degree of the HRPC which is the basis for 
the determination of a heart rate threshold according to Conconi et 
al. [16] was calculated by means of software PA7000 [57]. Due to 
the s-shaped response of the HRPC it was necessary to divide the 
HRPC into three phases to give a valid and objective quantification 
of the deflection of the HRPC. Three phases of energy supply were 
determined by means of the lactate performance curve analysis 
[78] using two lactate turn points [21]. The first lactate turn point 
(LTPi) was defined as the first sustained increase of blood lactate 
concentration (La) above base level values; the second lactate turn 
point (LTP2) was defined as the second abrupt increase of La be
tween LTP] and maximal performance (Pmax)- Both LTP] and LTP2 

were calculated by means of linear regression break point analysis 
[30, 39]. Figure 1 shows the principle of the determination of LTP] 
and LTP2. 

The degree and the direction of the HRPC was calculated ex
clusively between LTPj and P^ in all of our investigations. As a 
measure of the direction of the HRPC a second degree polynom 
was fitted into the HR curve and classified as regular (deflection of 
the HRPC according to Conconi et al. [16]), linear (without any 
deflection) or inverted (up sloping HRPC above LTP2). To meas
ure the degree and the direction of the deflection two tangents were 
calculated at LTP] and P^, respectively and the difference of an
gels of both tangents gave a measure of the degree and the direc
tion of the deflection between LTP, and P^ defined as factor kHR. 

The principle of the determination is presented in Figure 2 [see 
also 70]. 
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Figure 2. Principle of the determination of the degree and the direction of 
the deflection of the heart rate performance curve (кж). Second degree 
polynomial fitting was applied to the curve between LTPj and Pmax  and 
the differences of angles of the tangents at LTP] and Pmax  were calculated 
and defined as kHR. 

Three different HR response groups could be identified [39]: 
1. regular HR response as described by Conconi et al. [16]: kHR 

>0.1 
2. linear HR response: 0.1 > kHR > -0.1 
3. inverted HR response: kHR < -0.1 

Figure 3 shows three examples of this different HR response pat
tern in young healthy male subjects of similar age and perform
ance. 

The determination of a heart rate turn point (HRTP) was only 
performed in subjects with a clear deflection of the HRPC with kHR 

minimally set at ±0.2. The calculation of the deflection point was 
performed by means of linear regression break point analysis [30, 
56, 57]. The principle is presented in Figure 1. This objective de
scription of the HRPC was the basis for several following studies. 

The relationship between the HRTP and the maximal lactate 
steady state (MLSS) important for exercise training regulation was 
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investigated both under laboratory and field conditions and in vari
ous sports [30, 34]. The HRTP was evaluated by means of one or 
more constant load exercise tests around the predetermined HRTP. 

To investigate a possible influence of the autonomous nervous 
system during incremental exercise a placebo controlled study of 
the influence of parasympathetic receptor blockade by means of 
intravenous atropin application was performed [69]. Additionally, 
the relationship between kHR and the plasma catecholamine con
centration [68] as well as the influence of the highly ßl-selective 
adrenoceptor antagonist bisoprolol (unpublished results) was in
vestigated. 

To prove the relationship between the degree and the direction 
of the HRPC and the myocardial function radionuclide studies 
were performed. Left ventricular ejection fraction (LVEF) as a 
measure of contractility was measured in young healthy subjects 
[38, 70] in older healthy subjects [37] and in patients after myocar
dial infarction [37, 73]. 

As an additional hypothesis the influence of potassium on the 
HRPC was investigated [42, 45]. Blood pH was suggested to be a 
possible cause for the different response pattern found [45]. 

RESULTS AND DISCUSSION 

Contrary to the results by Conconi and co-workers [13, 16, 17, 23] 
we found the HRPC not to present a uniform HR response pattern 
like described by these authors (Figure 3). Both using a modified 
protocol on the cycle ergometer (N=227) or the originally de
scribed field test for runners [16] (N=293) we found approximately 
16% (cycle ergometer) and 13% (field test) of HRPC's with a dif
ferent HR response pattern [39]. Independent of the method of 
testing we found an inverted HRPC in 6-8% in young healthy male 
[39] subjects (Figure 3). Similar results were found in female sub
jects (N=231) with approximately 15% HRPC's with no regular 
HR response pattern (unpublished results). This is in contrast to the 
results presented by Heck et al. [29] who reported a wide range 
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from 7.1 to 100% of HRPC without a detectable heart rate deflec
tion. The reason for this widespread of data may be seen in a dif
ferent number of subjects of the reviewed investigations and in 
methodological problems to identify the HRTP [39, 40, 46]. Most 
of the investigators rely on visual inspection of the HRPC and a 
subjective determination of the HRTP. Non of the investigators 
tried to validate their visual inspection criteria by means of objec
tive data such as lactate threshold or MLSS measures [see also 30, 
40,41]. 
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Figure 3. Examples of regular (DEF, kHR +), linear (NON, kHR ±0) and 
inverted (NEG, kHR -) HR response during incremental cycle ergometer 
exercise in young healthy subjects. 

A heart rate deflection point could be detected independent of the 
direction of the HRPC and HR and power output at the heart rate 
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turn point were not significantly different from the second lactate 
turn point and the second ventilatory turn point (VTP2) defined as 
the second abrupt increase of pulmonary ventilation between LTP 1 
and Pmax (Figure 4) and they were significantly related [39]. These 
results supported our earlier findings [12, 38] and that from other 
work groups [76]. Kara et al. [53] supported our findings using a 
different method of HRTP detection. In older subjects [37, 75] and 
patients after myocardial infarction [37, 73] a higher percentage of 
HRPC being linear or inverted was found. 

• HRTP 
<R=0.879, p<0.001 

О VTP2 
(R=0.814, p<0.001) 

Figure 4. Relationship between power output at the second lactate turn 
point (LTP2) and the heart rate turn point (HRTP) and the second venti
latory turn point (VT2). 

Additionally, kHR was found independent of the plasma catechola
mine response but both adrenaline and noradrenaline were signifi
cantly related to the blood lactate increase (Figure 5) [68]. The 
parasympathetic receptor blockade by means of atropin just modi
fied the time course of the HRPC but did not change the individual 
characteristics of the curve [69]. As shown earlier, the parasympa
thetic receptor blockade increased the resting heart rate [24] but 
maximal heart rate did not change significantly. The increase of 
HR at submaximal load steps decreased kHR in subjects with a 
regular HR deflection and increased кж in subjects with an in
verted HRPC. The typical individual pattern was not changed. The 
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different HRPC patterns could not be explained by an influence of 
the autonomous nervous system. 
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Figure 5. Heart rate and lactate performance curve (A) as well as plasma 
catecholamine response (B) in two groups of subjects with a regular (Gl) 
or non regular (G2) heart rate response pattern during an incremental 
cycle ergometer exercise in young healthy male subjects. 

The direction and the degree of the deflection of the HRPC was 
found significantly related to the myocardial function expressed as 
the left ventricular ejection fraction (LVEF) [38, 70]. The more the 
HRPC deflection was inverted (кш < -0.1) the more was the de
crease of LVEF above the LTP2 (Figure 6). The decrease of the 
LVEF was significantly related to the LTP2 and was found in 
young healthy subjects [38, 72], in older healthy subjects [38, 70, 
72] and in patients after myocardial infarction [37, 72, 73]. Similar 
results have been presented by Boucher et al. [8] and Foster et al. 
[25] for the relationship to the ventilatory threshold. 

Additionally, Pokan et al. [71] found a significant influence of 
posture during the test (supine versus upright) on kHR which was dis
cussed also in relationship to the influence of posture on exercise 
hemodynamics. A change of the duration of steps from one to three 
minutes had no significant influence on kHR [43]. So from this data it 
was obvious that myocardial function was related to the HR response 
pattern but could not explain any cause and effect relationship. 
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Figure 6. Heart rate and lactate performance curve (A) as well as left 
ventricular ejection fraction (B) in two groups of subjects with a regular 
(Gl) or non regular (G2) heart rate response pattern during an incremental 
cycle ergometer exercise in young healthy male subjects. 

We suggested a compensatory HR increase above LTP2 due to a 
diminished myocardial function. This is an attractive view but fails 
to explain the lower HR response between LTPi and LTP2 in sub
jects without a regular HR response pattern especially in light of a 
similar catecholamine response [68]. 

As an hypothesis we followed the idea that increased release of 
potassium (K+) during heavy muscular work above LTP2 (Figure 7) 
could influence indirectly myocardial function. We found a weak 
but significant relationship between maximal blood potassium con
centration and kHR which supported our hypothesis [42, 45] but still 
failed to explain the lower HR response in subjects without a 
regular HRPC. 

A second hypothesis was a mechanical limitation of myocardial 
function related to the breathing pattern. A low relationship could 
be found between kHR and tidal volume (VT) where the higher ex
ercise related VT the lower kHR was found [5]. This relationship 
supports the idea of a mechanical limitation [47, 48] but fails to 
explain the phenomenon. 
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Figure 7. Blood potassium concentration during incremental cycle er
gometer exercise in young healthy male and female subjects. 

Constant load cycle ergometer exercise just below the heart rate 
threshold was shown to give a steady state in blood lactate con
centration (LaSS) in female [30] and male (unpublished results) 
subjects. Figure 8 shows both the incremental (A) and the steady 
state (B) tests at the predetermined HRTP in a well trained white 
water kayaker on an isokinetic kayak ergometer. It has been de
scribed that constant load cycle ergometer exercise at the HRTP 
gave in some cases an indifferent response with both lactate steady 
state conditions and increasing La with early termination of the 
test. This may be explained by methodological errors in the detec
tion of the heart rate deflection point as discussed before as well as 
by individual day to day changes of performance. 

In kayakers [34], badminton players [82], sports students with 
and without highly ßl-selective adrenoceptor antagonist bisoprolol 
[unpublished results] and runners (unpublished results) lactate 
steady state was found in all cases if the subjects were able to keep 
the given pace and similar performance compared to the incre
mental test was given. Figure 9 shows results from steady state 
exercise tests on a cycle ergometer in young healthy male subjects. 
Our results are in contrast to findings by Heck et al. [29], and Krü
ger et ai [54] but we have to question their results as these authors 

s 
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did not use an objective method to determine the HRTP. If we de
fine the anaerobic threshold as the highest intensity of load a sub
ject can sustain for at least 20 min duration without an increase of 
La we may conclude from our studies that the HRTP gives the 
maximal MLS S [30, 82]. 
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Figure 8. Determination of the heart rate turn point (HRTP) during an 
incremental exercise test on an isokinetic kayak ergometer in a well 
trained white water kayaker (A) as well as 20 min of steady state exercise 
at the predetermined HRTP and 5 min of maximal exercise (B). 
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Figure 9. Heart rate and blood lactate concentration during 25 min of stea
dy state cycle ergometer exercise below and above the predetermined heart 
rate turn point (indicated by dashed lines) in young healthy male subjects. 
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CONCLUSIONS 

The different HR response patterns found during incremental exer
cise may be explained by a variable load dependent adaptation of 
the myocardial function but failed to explain the causes for this 
different interplay between frequency and volume regulation of the 
healthy heart. The autonomic nervous system seems to play not the 
major role. Although the relationship between HRTP and muscle 
metabolism is not clear at the moment a significant relationship 
between HRTP, LTP2 and the MLS S can be described. Although in 
a certain number of subjects a HRTP can not be detected we may 
recommend the method for the practical application under labora
tory and field conditions in combination with lactate steady state 
tests. Additionally, the analysis of the whole HRPC may offer 
some additional easy to get information about the myocardial 
function in heart disease patients [26]. As an alternative hypothesis 
cardioactive substances related to muscular work such as adenosine 
[66] or phospholamban [52] as well as a limited mechanical heart-
lung interaction [47, 48] may be discussed. 

REFERENCES 

1. Ballarin E., Borsetto C., Cellini M., Patracchini M., Vitiello P., 
Ziglio P. G., Conconi F. (1989) Adaptation of the "Conconi test" to 
children and adolescents. Int. J. Sports Med. 10: 334-338. 

2. Ballarin E., Borsetto C., Campi S., Casoni I., Grazzi G., Gugliel-
mini C., Manfredini F., Mazzoni G., Patracchini M., Conconi F. 
(1992) The methodology of the "CONCONI TEST": An update after 
10 years. In: Pediatric Work Physiology, Coudert J., van Praagh E. 
(eds.): Masson, Paris-Milan 31-33. 

3. Ballarin E., Sudhues U., Borsetto C., Casoni I., Grazzi G., Gugli-
elmini C., Manfredini F., Mazzoni G., Conconi F. (1996) Repro
ducibility of the Conconi test: Test repeatability and observer varia
tions. Int. J. Sports Med. 17: 520-524. 



36 Heart rate performance curve and heart rate turn point 

4. Baraldi E., Zanconato S., Santuz P. A., Zacchello F. (1989) A com
parison of two noninvasive methods in the determination of the an
aerobic threshold in children. Int. J. Sports Med. 10: 132-134. 

5. Bisail H., Seibert F.-J., Hofmann P. (1999) Relationship between 
heart rate performance curve and breathing pattern. Osterr. J. Sport-
med. 29: 42. 

6. Bodner M. E., Rhodes E. C., Coutts K. D. (1998) Reliability of a 
mathematical model to reproduce heart rate threshold and the relation
ship to ventilatory threshold. Med. Sei. Sports Exerc. 30: S310. 

7. Borsetto C., Ballarin E., Casoni I., Cellini M., Vitiello P., Conconi 
F. (1989) A field test for determining the speed obtained through an
aerobic glycolysis in runners. Int. J. Sports Med. 10: 339-345. 

8. Boucher C.A., Kanarek D. J., Okada R. D., Hutter A. M., Strauss 
H. W., Pohost G. M. (1983) Exercise testing in aortic regurgitation: 
comparison of radionuclide left ventricular ejection fraction with ex
ercise performance at the anaerobic threshold and peak exercise. Am. 
J. Cardiol. 52: 801-808. 

9. Bourgois J., Vrijens J. (1998) The Conconi test: A controversial 
concept for the determination of the anaerobic threshold in young 
rowers. Int. J. Sports Med. 19: 553-559. 

10. Brooke J. D., Hamley E. J. (1972) The heart-rate — physical work 
curve analysis for the prediction of exhausting work ability. Med. Sei. 
Sports Exerc. 4: 23-26. 

11. Bunc V., Heller J. (1992) Comparison of two methods of noninvasive 
anaerobic threshold determination in middle-aged men. Sports Med. 
Training & Rehab. 3: 87-94. 

12. Bunc V., Hofmann P., Leitner H., Gaisl G. (1995) Verification of 
the heart rate threshold. Eur. J. Appl. Physiol. 70: 263-269. 

13. Cellini M., Vitielleo, P., Nagliati A., Ziglio P. G., Martineiii S., 
Ballarin E., Conconi F. (1986) Noninvasive determination of the an
aerobic threshold in swimming. Int. J. Sports Med. 7: 347-351. 

14. Chwilkowski N., Völker К., Holtmann W. (1988) The validity of 
the Conconi-test in the determination of the anaerobic threshold in 
swimming. Int. J. Sports Med. 9: 372. 

15. Coen В., Urhausen A., Kindermann W. (1988) Value of the Con
coni test for determination of the anaerobic threshold. Int. J. Sports 
Med. 9: 6. 

16. Conconi F., Ferrari M., Ziglio P. G., Droghetti P., Codeca L. 
(1982) Determination of the anaerobic threshold by a noninvasive 
field test in runners. J. Appl. Physiol. 52: 869-873. 



P. Hofmann, R. Pokan, S. P. von Duvillard 37 

17. Conconi F., Ferrari M., Ziglio P. G., Droghetti P., Borsetto C., 
Casoni I., Cellini M., Paolini A. R. (1984) Determination of the an
aerobic threshold by a noninvasive field test in running and other sport 
activities. In: Current Topics in Sports Medicine, Bachl N. et al. 
(Eds.): Proc. World Congress, Vienna 1982, Urban & Schwarzenberg, 
Wien 271-281. 

18. Conconi F., Grazzi G., Casoni I., GugHelmini C., Borsetto C., 
Ballarin E., Mazzoni G., Patracchini M., Manfredini F. (1996) The 
Conconi test: Methodology after 12 years of application. Int. J. Sports 
Med. 17:509-519. 

19. Conconi F., Grazzi G., Casoni I., Borsetto C., Mazzoni G., Alfieri, 
N., Manfredini F. (1997) Reply to: Hofmann P., Pokan R., von Du
villard S. P., Schmid P. Letter to the editor re: Conconi et al.: The 
Conconi Test: Methodology after 12 years of application. Int. J. Sports 
Med. 18: 398-399. 

20. Conconi F., Grazzi G., Casoni I., Borsetto C., Mazzoni G., Alfieri, 
N., Manfredini F. (1997) Reply to: Jeukendrup A. E., Hesselink M. 
К. С., Kuipers H., Keizer H. A.: Letter to the editor re: Conconi et al.: 
The Conconi Test: Methodology after 12 years of application. Int. J. 
Sports Med. 18: 394-396. 

21. Davis H. A., Bassett J., Hughes P., Gass G. С. (1993) Anaerobic 
threshold and lactate turn point. Eur. J. Appl. Physiol. 50: 383-392. 

22. Droghetti P. (1986) Determination of the anaerobic threshold on a 
rowing ergometer by the relationship between work output and heart 
rate. Scand. J. Sports Sei. 8: 59-62. 

23. Droghetti P., Borsetto C., Casoni I., Cellini M., Ferrari M., Paolini 
A. R., Ziglio P. G., Conconi F. (1985) Noninvasive determination of 
the anaerobic threshold in canoeing, cross-country skiing, cycling, 
roller, and iceskating, rowing, and walking. Eur. J. Appl. Physiol. 53: 
299-303. 

24.Ekblom В., Kilbom A., Soltysiak J. (1973) Physical training, brady
cardia, and autonomic nervous system. Scand. J. Clin. Lab. Invest. 32: 
251-256. 

25. Foster C., Gal R. A., Port S. C., Schmidt D. H. (1995) Left ven
tricular ejection fraction during incremental and steady state exercise. 
Med. Sei. Sports Exerc. 27: 1602-1606. 

26. Foster C. Spatz P., Georgakopoulos N. (1999) Left ventricular func
tion in relation to the heart rate performance curve. Clin. Exerc. 
Physiol. 1: 29-32. 



38 Heart rate performance curve and heart rate turn point 

27. Francis K. T., McClatchey P. R., Sumsion J. R-, Hansen D. E. 
(1989) The relationship between anaerobic threshold and heart rate 
linearity during cycle er gome try. Eur. J. Appl. Physiol. 59: 273-277. 

28. Gaisl G., Hofmann P., Bunc V. (1991) Standardization of a noninva
sive method of determining the anaerobic threshold in children. In: 
Children and Exercise. Pediatric Work Physiology XV. Frenkl R., 
Szmodis I. (eds.): National Institute for Health Promotion (NEVI), 
Budapest (Hungary), 234-241. 

29. Heck H., Tiberi M., Beckers K., Lammerschmidt W., Pruin E., 
Hollmann W. (1988) Lactic acid concentration during bicycle-ergo-
meter exercise with preselected percentages of the Conconi-threshold. 
Int. J. Sports Med. 9: 367. 

30. Hofmann P., Bunc V., Leitner H., Pokan R., Gaisl G. (1994) Heart 
rate threshold related to lactate turn point and steady-state exercise on 
a cycle ergometer. Eur. J. Appl. Physiol. 69: 132-139. 

31. Hofmann P., Gaisl G., Leitner H. (1994) Comparison of noninva-
sively determined anaerobic threshold with running results in the 
marathon race in recreational runners. In: HPER — Moving Toward 
the 21st Century. Duffy P., Dugdale L. (eds.): Human Kinetics, Cham
paign. IL, 217-225. 

32. Hofmann P., Leitner H., Gaisl G. (1992) Heart rate threshold, lactate 
turn point and anaerobic threshold determination by electromyogra
phy. Hung. Rev. Sports Med. 33: 13-20. 

33. Hofmann P., Leitner H., Gaisl G., Neuhold Ch. (1990) A computer 
supported evaluation of the modified Conconi test on bicycle er
gometer. In: A Collection of European Sports Sciences Translations. 
Jarver J. (ed.): Kidman Park, S.A., South Australian Sports Institute, 
Australia, 51-52. 

34. Hofmann P., Peinhaupt G., Leitner H., Pokan R. (1994) Evaluation 
of heart rate threshold by means of lactate steady state and endurance 
tests in white water kayakers. In: The Way to Win. Viitasalo J. T., 
Kujala U. (eds.): Proc. of the Int. Congress on Applied Research in 
Sports. Helsinki (Finland) 217-220. 

35. Hofmann P., Peinhaupt G., Pokan R., Zweiker R. (1996) Relation
ship between treadmill performance and sport specific aerobic per
formance in white water kayakers. In: First Annual Congress Frontiers 
in Sports Science. Marconnet P., Gaulard J., Margaritis I., Tessier F. 
(eds.): Nice, France, May 28-31, 664-665. 



P. Hofmann, R. Pokan, S. P. von Duvillard 39 

36. Hofmann P., Niederkofler W., Pokan R., Bunc V. (1996) Compari
son between heart rate threshold and individual physical working ca
pacity. Kinanthropologia 32: 47-50. 

37. Hofmann P., Pokan R., Beaufort F., Schumacher M., Fruhwald F. 
M., Zweiker R., Eber В., Gasser R., Schmid P., Brandt D., 
Klein W. (1996) Left ventricular function during incremental cycle 
ergometer exercise related to aerobic and anaerobic threshold in pa
tients after myocardial infarction, healthy older subjects and young 
sports students. In: Sport Kinetics 95, Chytrackova J., Kohoutek M. 
(eds): Prague, 192-198. 

38. Hofmann P., Pokan R., Preidler W., Leitner H., Szolar D., Eber 
В., Schwaberger G. (1994) Relationship between heart rate threshold, 
lactate turn point and myocardial function. Int. J. Sports Med. 15: 
232-237. 

39. Hofmann P., Pokan, R., von Duvillard S. P., Seibert F.-J., Zweiker 
R., Schmid P. (1997) The heart rate performance curve during incre
mental cycle ergometer exercise in healthy young male subjects. Med. 
Sei. Sports Exerc. 29: 762-768. 

40. Hofmann P., Pokan R., von Duvillard S. P., Schmid P. (1997) Let
ter to the editor re: Conconi et ai: The Conconi Test: Methodology 
After 12 Years of Application. Int. J. Sports Med. 18: 397-398. 

41. Hofmann P., Pokan R., Bachl N., Schmid P. (1997) Determination 
of the heart rate deflection point. J. Sports Med. Phys. Fit. 37: 151 — 
154. 

42. Hofmann P., Seibert F. J., Öhlknecht A., Sudi К. M., Pokan R., 
Schmid P. (1998) Relationship between blood potassium level and the 
deflection of the heart rate performance curve. Int. J. Sports Med. 19: 
25. 

43. Hofmann P., Pokan R., von Duvillard S. P. (1998) Influence of step 
length during incremental exercise on the heart rate performance 
curve. Med. Sei. Sports Exerc. 30: S242. 

44. Hofmann P., Pokan R., Öhlknecht A., Sudi К. M., Schwaberger 
G. (1998) Invasive and non-invasive determination of the „Anaerobic 
threshold". J. Sports Med. Phys. Fit. 38: 88. 

45. Hofmann P.. Seibert F. J., Pokan R., Golda M., Wallner D., von 
Duvillard S. P. (1999) Relationship between blood pH, potassium and 
the heart rate performance curve. Med. Sei. Sports Exerc. 31: 150. 

46. Hofmann P., Pokan R., von Duvillard S. P. (1999) The Conconi-
method: Current state of affairs. In: Sport Science '99 in Europe. Pro



40 Heart rate performance curve and heart rate turn point 

ceedings of the 4th Annual Congress of the European College of Sport 
Science, Rome 14-17 July, 125. 

47. Hofmann P., Golda M., Pokan R., Schwaberger G., von Duvillard 
S. P. (1999) Influence of cycling cadence and breathing pattern on the 
heart rate performance curve. In: Sport Science'99 in Europe. Parisi 
P., Pigozzi F. (eds.): Proceedings of the 4th Annual Congress of the 
European College of Sport Science. Rome 14-17 July, 816. 

48. Hsia C. C. W. (1999) Cardiopulmonary limitations to exercise in re
strictive lung disease. Med. Sei. Sports Exerc. 31: S28—S32. 

49. Jeukendrup A. E., Hesselink M. К. С., Kuipers H., Keizer H. A. 
(1997) Letter to the editor re: Conconi et al.: The Conconi Test: 
Methodology After 12 Years of Application. Int. J. Sports Med. 18: 
393-394. 

50. Jones A. M., Doust J. H. (1995) Lack of reliability in Cononi's heart 
rate deflection point. Int. J. Sports Med. 16: 541-544. 

51. Jones A. M., Doust J. H. (1997) The Conconi test is not valid for the 
estimation of the lactate turn point in runners. J. Sports Sei. 15: 385-
394. 

52. Kalinski M. I., Antipenko A. Y., Dunbar C. C., Michielli D. W. 
(1995) Exercise and Intracellular Regulation of Cardiac and Skeletal 
Muscle. HK Sport Science Monograph Series Vol. 7, Human Kinetics, 
Champaign, II. 

53. Kara M., Gökbel H., Bediz С., Ergene N., Ücok К., Uysal H. 
(1996) Determination of the heart rate deflection point by the Dmax 
method. J. Sports Med. Phys. Fit. 36: 31-34. 

54. Krüger J., Mortier R., Heck H., Hollmann W. (1988) Relationship 
between the Conconi-threshold and lactic-acid at endurance workload 
on the during crank ergometer. Int. J. Sports Med. 9: 367. 

55. Leger L., Tokmakidis S. P. (1988) Use of the heart rate deflection 
point to assess the anaerobic threshold. J. Appl. Physiol. 64: 1758— 
1759. 

56. Leitner H., Hofmann P., Pokan R. (1994) The application of Fuzzy 
Logic in the determination of the anaerobic threshold performance di
agnostics. Int. J. Sports Med. 15: 351. 

57. Leitner H., Hofmann P., Gaisl G. (1988) A method for the micro
computer — aided determination of the anaerobic threshold by means 
of heart rate curve analysis. Conference Proc. 15 years Biomedical 
Engineering in Austria 88' Graz, June 9-11: 136-141. 

58.Lenzi G. (1983) The women's marathon: Preparing for an important 
event in the season. In: Running the IAAF. Symp. on Middle and 



P. Hofmann, R. Pokan, S. P. von Duvillard 41 

Long Distance Events. Alford J. W. (ed.): IAAF, London, 1983: 59-
66. 

59. Maffulli N., Sjödin В., Ekblom В. (1987) A laboratory method for 
non invasive anaerobic threshold determination. J. Sports Med. 27: 
419-423. 

60. Maffulli N., Testa V., Capasso G. (1994) Anaerobic threshold de
termination in master endurance runners. J. Sports Med. Phys. Fit. 34: 
242-249. 

61. Maffulli N., Capasso G., Lancia A. (1991) Anaerobic threshold and 
performance in middle and long distance running. J. Sports Med. 
Phys. Fit. 31: 332-338. 

62. Maffulli N., Testa V., Lancia A., Capasso G., Lombardi S. (1991) 
Indices of sustained aerobic power in young middle distance runners. 
Med. Sei. Sports Exerc. 23: 1090-1096. 

63.Mahon A. D., Vaccaro P. (1991) Can the point of deflection from 
linearity of heart rate determine ventilatory threshold in children? Fed. 
Exerc. Sei. 3: 256-262. 

64. Marin J. (1990) Controlling the development of training in race 
walkers. New Studies in Athletics 5: 49-53. 

65. Pessenhofer H., Meier A., Schwaberger G., Sauseng N. (1991) 
Verification of hypotheses about the physiological basis of the Con
coni test by model simulation. Int. J. Sports Med. 12: 119. 

66. Pelleg A., Belardinelli L. (1999) Effects of Extracellular Adenosine 
and ATP on Cardiomyocytes. Molecular Biology Intelligence Unit 6, 
R.G. LANDES Company, Austin, Texas. 

67. Petit M. A., Nelson C. A., Rhodes E. C. (1997) Comparison of a 
mathematical model to predict 10-km performance from the Conconi 
test and ventilatory threshold measurements. Can. J. Appl. Physiol. 
22: 562-572. 

68. Pokan R., Hofmann P., Lehmann M., Leitner H., Eber В., Gasser 
R., Schwaberger G., Schmid P., Keul J., Klein W. (1995) Heart rate 
deflection related to lactate performance curve and plasma catechola
mine response during incremental cycle ergometer exercise. Eur. J. 
Appl. Physiol. 70: 175-179. 

69. Pokan R., Hofmann P., von Duvillard S. P., Schumacher M., Gas
ser R., Zweiker R., Fruhwald W., Eber В., Smekal G., Bachl N., 
Schmid P. (1998) Parasympathetic receptor blockade and the heart 
rate performance curve. Med. Sei. Sports Exerc. 30: 229-233. 

70. Pokan R,, Hofmann P., Preidler K., Leitner H., Dusleag J., Eber 
В., Schwaberger G., Füger G. F., Klein W. (1993) Correlation be-

6 



42 Heart rate performance curve and heart rate turn point 

tween inflection of heart rate/work performance curve and myocardial 
function in exhausting cycle ergometer exercise. Eur. J. Appl. Physiol. 
67:385-388. 

7 1 .  P o k a n  R . ,  K a t a r y  U . ,  H o f m a n n  P . ,  S m e k a l  G . ,  T s c h a n  H . ,  B a r o n  
R., Bachl N., Schmid P. (1996) Heart rate deflection and heart rate 
deflection point during upright and supine incremental cycle ergome
ter exercise. In: First Annual Congress Frontiers in Sports Science. 
Marconnet P., Gaulard J., Margaritis I., Tessier F. (eds.): Nice, France, 
May 28-31,690-691. 

72. Pokan R., Hofmann P., von Duvillard S. P., Beaufort F., Schu
macher M., Fruhwald F. M., Zweiker R., Eber В., Gasser R., 
Brandt D., Smekal G., Klein W., Schmid P. (1997) Left ventricular 
function in response to the transition from aerobic to anaerobic me
tabolism. Med. Sei. Sports Exerc. 29: 1040-1047. 

73. Pokan R., Hofmann P., von Duvillard S. P., Beaufort F., Smekal 
G., Gasser R., Klein W., Eber В., Bachl N., Schmid P. (1998) The 
heart rate performance curve and left ventricular function during exer
cise in patients after myocardial infarction. Med. Sei. Sports Exerc. 
30: 1475-1480. 

74. Pokan R., Hofmann P., von Duvillard S. P., Smekal G., Högler R., 
Tschan H., Baron R., Schmid P., Bachl N. (1999) The heart rate 
turn point reliability and methodological aspects. Med. Sei. Sports Ex
erc. 31: 903-907. 

75. Pokan R., Smekal G., Hofmann P., von Duvillard S. P., Tschan H., 
Baron R., Schmid P., Bachl N. (1999) Performance diagnostics in 
aging population. In: Sport Science '99 in Europe. Parisi P., Pigozzi 
F.(eds.): Proceedings of the 4th Annual Congress of the European 
College of Sport Science, Rome 14-17 July, 483. 

76. Ribeiro J. P., Fielding R. A., Hughes V., Black A., Bochese M. A., 
Knuttgen H. G. (1985) Heart rate break point may coincide with the 
anaerobic and not the aerobic threshold. Int. J. Sports Med. 6: 220-
224. 

77. Rogers R. K. L., Reybrouck T., Wey mans M., Dumoulin M., Ge
willig M., Vaccaro P. (1995) The relationship between heart rate de
flection and ventilatory threshold in children following heart surgery. 
Ped. Exerc. Sei. 7: 263-269. 

78. Skinner J. S., McLellan T. (1980) The transition from aerobic to 
anaerobic metabolism. Res. Q. Exerc. Sport 51: 234-248. 



P. Hofmann, R. Pokan, S. P. von Duvillard 43 

79. Thorland W., Podolin D. A., Mazzeo R. S. (1994) Coincidence of 
lactate threshold and HR-povver output threshold under varied nutri
tional states. Int. J. Sports Med. 15: 301-304. 

80. Tiberi M., Böhle E., Zimmermann E., Heck H., Hollmann W. 
(1988) Comparative examination between Conconi- and lactate thres
hold on the treadmill by middle distance runners. Int. J. Sports Med. 9: 
372. 

81. Tokmakidis S. P., Leger L. A. (1992) Comparison of mathematically 
determined blood lactate and heart rate "threshold" points and rela
tionship with performance. Eur. J. Appl. Physiol. 64: 309-317. 

82. Wonisch M., Hofmann P., Schwaberger G., Pokan R., von Duvil
lard S. P., Klein W. (2000) Evaluation of a field test for the noninva
sive determination of badminton specific endurance. Med. Sei. Sports 
Exerc. 32: S309 

83. Zacharogiannis E., Farrally M. (1993) Ventilatory threshold, heart 
rate deflection point and middle distance running performance. J. 
Sports Med. Phys. Fit. 33: 337-347. 

Correspondence to: 
Peter Hofmann 
Institute of Sports Sciences 
KF-University Graz 
Mozartgasse 14/1 
A-8010 Graz 
Austria 



Acta Kinesiologiae Universitatis Tartuensis, vol. 5, 2000 

EFFECT OF TRAINING ON DRY LAND AND 
ON SNOW: TRAINING INTENSITY AND 
AEROBIC POWER OF MALE JUNIOR 

CROSS COUNTRY SKIERS 

B. Welde, N. O. Vikander 
North-Troendelag University College, Department of Physical Education, 

Roestad, Levanger, Norway 

ABSTRACT 

The purpose of this study was to examine how intense training may affect 
the maximal 02 uptake and lactate threshold of 11 well-trained male jun
ior cross country skiers (18.7±0.2 yr) during a 12 wk period which in
cluded training on dry land and on snow. The subjects, who had a maxi
mal 02 uptake of 71±2 ml x kg ' x min-1 (mean±SEM) and a lactate 
threshold at 75±1% of the maximal 02 uptake, were assigned to either a 
high training-intensity group (n=5) or a moderate training-intensity group 
(n=6). Low intensity training was carried out at 40-60% of the maximal 
02 uptake (that is below the subjects' lactate threshold), whereas high 
intensity training was executed at 70-90% of the maximal 02 uptake (at 
or above their lactate threshold). All such training was carried out as run
ning, rollerskiing, or cross country skiing. The subjects' lactate threshold 
and maximal 02 uptake during uphill treadmill running were determined 
before, during, and after the training period. The high training-intensity 
group trained nearly twice as much at high intensity as the moderate 
training-intensity group. The maximal 02 uptake fell for the moderate 
training-intensity group, whereas it peaked at midpoint test and then re
turned to the pretest level for the participants in the high training-intensity 
group. The lactate threshold did not change for either group. Thus, inten
sive training at or above the lactate threshold may be more effective in 
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maintaining the maximal 02  uptake of well-trained skiers with no nega
tive effect on the lactate threshold. 

Key words: cross country skiing, intensive training, maximal 02 uptake, 
lactate threshold. 

INTRODUCTION 

A cross country ski-race lasts from many minutes to several hours, 
placing dominant requirements upon aerobic energy release. Con
sequently, the ability to take up 02 at a high rate and for an ex
tended time is perhaps the most central physiologic parameter for 
cross country skiers. In accordance with this, a number of studies 
have shown that elite skiers are among the athletes showing the 
highest values of maximal 02 uptake [5, 27, 29; for a review, see 
also 22]. In addition to the maximal 02 uptake, the "lactate thresh
old" is considered another highly important physiologic variable 
for cross country skiers. 

Traditionally, cross country skiers have performed mainly long
distance training lasting one hour or more at a moderate intensity, 
well below the level that corresponds to the lactate threshold. Al
though the training intensity may be the key factor in raising the 
maximal 02 uptake [18, 23, 26, 34], training at higher intensities 

and, therefore, of shorter duration has been given little attention [3, 
12]. 

Many studies have shown that the blood lactate response to ex
ercise is better correlated with endurance performance than is the 
maximal 02 uptake [1, 2, 6, 11, 14, 19, 32]. Moreover, some stud
ies suggest that endurance-training at or above the lactate threshold 
may be advantageous in raising the exercise intensity level that 
corresponds to the lactate threshold [1, 17, 19, 30, 33, 35]. Other 
studies report similar improvements for training below versus 
above the lactate threshold [4, 24]. Recently Evertsen et al., [9, 10] 
found that for elite cross country skiers, training at intensities 
slightly below the lactate threshold was more favorable than training 
at lower intensities in terms of increasing the running speed at the 
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lactate threshold, as well as for several other performance parame
ters. Gaskill et al. [13], who manipulated and quantified the train
ing load over an entire competitive season, showed that increased 
volume of high-intensity training is favorable for skiers with re
spect to 02 uptake at lactate threshold, maximal 02 uptake, and 
competitive results. However, their training regime was based on 
intensive training at or above the lactate threshold. These some
what contradictory findings may be due to lactate threshold being 
possibly more sensitive to specific training protocols than is the 
maximal 02 uptake [24]. 

Most of the studies of cross country skiers have been carried out 
during the dry-land training period. Consequently, there is little 
information on how skiers respond to the transition from dry land 
to snow, although this is a commonly voiced problem among prac
titioners. Some data indicate that maximal 02 uptake plateaus in 
the transition period [13]. Since it is suggested that the maximal 02 

uptake sets the upper limit for the lactate threshold [6], this stagna
tion may not be favorable. Although the Gaskill et al. study [13] of 
long-term responses to training involved testing that corresponded 
with the major changes in training periods, it did not specifically 
investigate the dynamics of the transition from dry land to snow 
conditions. Their three-pronged test strategy of mid-summer, mid-
December, and late February provided no such information. 

There is a dearth of studies examining how more intense train
ing affects maximal 02 uptake and lactate threshold for well 
trained skiers in the transition from dry land to snow. The present 
investigation addressed this deficiency by monitoring two groups 
of well-prepared junior cross country skiers who trained systemati
cally for 3 mo, including the dry land and on snow periods, using 
either a moderate or a combined moderate and high training-inten
sity protocol. It was hypothesized that an increased volume of in
tensive training in the region of the lactate threshold would be fa
vorable for enhancing maximal 02 uptake and the blood lactate 
response to exercise when training on dry land and on snow. 
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MATERIALS AND METHODS 

Subjects 

Eleven male juniors, 18.7±0.2 year old (mean±SEM), who were 
students at two Norwegian high-schools with specialized cross 
country ski-programs, served as subjects. The subjects had been 
training and competing regularly for at least 3 yr before com
mencement of the study. The skiers at one school (n=5) were as
signed to the "high training-intensity group", whereas the skiers at 
the other school (n=6) were designated the "moderate training-
intensity group". Although it is desirable from a theoretical point 
of view to randomize the group assignments without regard to 
school, it was deemed not practical from field experience. Tight 
social relations within the teams would have rendered significant 
training variations problematic. The subjects were 177±2 (high 
training-intensity group) and 178±2 cm (moderate training-inten
sity group) tall, weighed 71+3 and 69±2 kg, had a maximal 02 up
take of 71±2 and 71±3 ml x kg-1 x min-1, and a lactate threshold of 
74±1 and 76±1% of their maximal 02 uptake, respectively. There 
were no statistically significant differences in any of these pa
rameters between the two groups at recruitment. The subjects were 
given detailed information both orally and in written form about 
the purposes, risks, and possible discomforts of the test procedures 
before they gave their written consent. Subjects were also told that 
they served as volunteers and thus had the right to withdraw from 
the study at any stage without giving any reason for doing so. 

Tests and measurements 

The investigation took place during a 12 wk period from the mid
dle of October to early January. Thus the study comprised a 6 wk 
dry land training period followed by a 6 wk (mainly) on snow 
training period. The maximal 02 uptake and the lactate threshold 
were determined before, at the transition midpoint, and immedi
ately after the 12 wk training period. All treadmill tests were car
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ried out on a motorized treadmill (Jaeger LE 5000, Eric Jaeger 
Gmbh et Co., Würzburg, Germany) at 6° (10.5%) inclination. The 
skiers wore a wireless heart rate monitor with digital display (Polar 
Sports Tester 4000, Polar Electro OY, Kempele, Finland) during 
all treadmill tests. The subjects were instructed not to exercise in 
the morning before testing. The day prior to tests they were per
mitted some slow distance training only. It was stated explicitly to 
the subjects that they should do the same preparations before every 
test. 

To establish the lactate threshold, a ramp test originally de
signed for marathon runners [15] was modified by increasing the 
treadmill inclination from 1° (1.75%) to 6° (10.5%). After a 10 min 
warm-up at an exercise intensity corresponding to 50% of the 
maximal 02 uptake, the subjects ran for 5 min in each of four con
secutive tests in the range of 60-90% of their maximal 02 uptake. 
The runs were separated by 30 s breaks so that a capillary blood 
sample could be taken from a finger. The heart rate and the volume 
of expired air were recorded over the last 2 min of each run. The 
lactate threshold was taken as the 02 uptake associated with a 
blood lactate concentration 1.5 mmol x Г1 above the baseline value 
[15], and the exact point was determined by linear interpolation 
between the measured values. 

After a 2 h recovery, a second test was carried out to establish 
the maximal 02 uptake. During this second test the treadmill speed 
was gradually increased in steps of 0.15-0.3 m x s_1, to a level that, 
under the test leader's supervision and in accordance with previous 
test results, brought the subjects close to exhaustion in about 3 min. 
During these 3 min the subject wore a nose-clip and mouthpiece 
connected to the 02 analyzer (Jaeger EOS-sprint system, Eric Jae
ger Gmbh et Co., Würzburg, Germany). The analyzer recorded the 
02 consumption and respiratory exchange ratio (R-value) at 30 s 
intervals. If the 02 consumption showed no further increase (or 
increased only slightly) with a further increase in the treadmill 
speed, and in addition the respiratory exchange ratio was >1.10 
and the heart rate >97% of the maximal heart rate, the test was con
sidered successful. Otherwise the run was continued until a level-
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ling-off was seen, or to exhaustion. In a previous test, the subjects' 
maximal heart rate were established by adding 5 beats x min-1 to 
the highest stable heart rate during the last min of a maximal 02 

uptake test [20]. 

Training during the study 

Two main training intensities were used during the investigation 
period. The low intensity training was mainly carried out at 60-
75% of the maximal heart rate (corresponding to 40-60% of the 
maximal 02 uptake; that is well below the subjects' lactate thresh
old). The high intensity training was carried out at 85-95% of the 
maximal heart rate, corresponding to 70-90% of the maximal 02 

uptake. (The upper part of this intensity zone is well above the 
subjects' lactate threshold). The subjects' heart rate during each 
training session was recorded, and all the endurance training was 
classified according to a five-level intensity scale (Table 1). All 
such training was carried out as running, rollerskiing, or cross 
country skiing. 

Table 1. Training intensity zones used in the study of two groups of 
Norwegian male junior cross country skiers over a 12 wk period. 

Intensity HR as % of HR1 Examples of training methods 
zone HRmax 
1 60-75% 120-150 Active rest and restitution work. 

Easy distance training. 
2 75-85% 150-170 Moderate distance training. 

Continous work. 
3 85-90% 170-180 Fartlek training. Natural/ 

systematic interval training. 
Lactate threshold work. 

4 90-95% 180-190 Systematic hard interval training. 
Longer race pace-training. 

5 95-100% 190-200 Tempo/speed/explosive training. 
Maximal short-duration efforts. 
Shorter race pace-training. 

1 Based on HRmax of 200. 

7 
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For the high training-intensity group 70% of all training was car
ried out at low intensities, whereas 20% was carried out at high 
intensities consisting of continuous work (15 min to 40 min) and 
interval training (systematic intervals of 30 s to 3 min duration). 
These subjects carried out high-intensity training three times per 
week. Strength training, speed-training, and explosive training 
made up 10% of the total training time (Table 2). 

Table 2. Amount of training in two intensity groups of Norwegian male 
junior cross country skiers over a 12 wk period. First 6 weeks = dry land 
period; second 6 weeks = mixed conditions and on snow. 

Mainly dry-land Mainly on-snow Means 
(6 wk) (6 wk) (12 wk) 

HTI MTI HTI MTI HTI MTI 
Low intensity3 

(h wk-1) 7.50 8.74 5.16 6.49 6.34 7.60 
(% of total) 71 81 70 84 71 82 

High intensity6 

xf *O
N oo 

1.76$$ 0.98 (h wk-1) 

xf *O
N oo 

1.63$ 0.84 1.76$$ 0.98 
(% of total) 18 11 22 11 20 11 

Strength/speed/ 
explosive0 

(h wk-1) 1.13 0.96 0.59 0.42 0.84 0.68 
(% of total) 11 9 8 5 10 7 

Totals 10.52 10.83 7.38 7.75 8.94 9.28 

HTI, High training-intensity group; MTI, Moderate training-intensity 
group. 
a Low intensity includes intensity zones 1-2. 
b High intensity includes intensity zones 3-4. 
c Strength, speed and explosive training: Speed and explosive training 

generally do not generate HRmax. This form of training appears to have 
more in common with strength training and, thus, is placed in this com
bined category. 

$ Significant differences between groups, $p<0.05, $$p<0.01, $$$p<0.001. 

For the moderate training-intensity group the low intensity training 
constituted 82% of the total training time, each session lasting be
tween 45 min and 2-3 h. Scarcely 10% of this low intensity train-
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ing was carried out at 75-85% of the maximal heart rate, i.e. 60-
70% of the maximal 02 uptake. Training at high intensities com
prised 11%, whereas strength training, speed training, and explo
sive training combined constituted 7% of the total training time. 
This intensity distribution reflected their normal non-intervention 
training pattern. 

The strength training for both groups consisted of two training 
programs. The first program was made up of general exercises with 
no use of weights, and was organized as circle training. The work 
periods were 1 min and the rest periods were 30 s. Total duration 
of the program was 45 min. The other strength training program 
consisted of exercises designed to specifically train arm and leg 
muscles that are viewed to be of particular importance in cross 
country skiing. This program had work periods of 30 s and rest 
periods of 15 s. Note that in Table 2 strength training is combined 
with speed and explosive training to define a third category of 
training. The reason is that speed training and explosive training 
generally do not generate maximal heart rate although the exertion 
is maximal and are, therefore, viewed to have more in common 
with strength training. Thus, the intensity scale seen in Table 1 was 
not used for any of these three types of training. 

When training on dry land, the explosive training was carried 
out with movements imitating freestyle and the classical tech
niques, and were frequently performed with ski poles. Speed 
training was of shorter duration where the subject ran or roller-
skied. It was made clear to the subject that speed as well as explo
sive training should be done with maximal effort: A work period 
was 10-15 s, and rest periods between repetitions lasted 2 min. 
When training on snow, the speed training and explosive training 
consisted of shorter intervals (10-15 s) with double-poling, diago
nal striding or another ski technique performed in easy terrain. 

Intensity control and training reports 

For each subject an intensity scale was determined based on data 
from the first test and the subject's maximal heart rate. During each 
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training session the skier wore a wireless heart rate monitor (Polar 
4000) to index training intensity. The results from the heart rate 
registrations were transferred to a computer by an interface and a 
specialized computer program (Polar Software). A daily diary de
scribing training activities was submitted. 

Blood lactate analysis 

Unhemolyzed blood lactate concentration was measured using a 
YSI Model 1500 Sport Lactate Analyzer (Yellow Springs Instru
ments; Yellow Springs, Ohio, USA). 

Statistics 

The data are given as means ± standard error of mean (SEM) or 
individual values unless otherwise stated. Two-factor analysis of 
variance (ANOVA: Groups by repeated measures) tested overall 
group differences, time differences and the interaction of the group 
and time factors. Follow-up tests involved t-tests to precisely de
fine the source of a significant effect in the ANOVAs. One-sample 
t-test was used when the same group of subjects was compared at 
different times, and between subjects t-test was applied in pairwise 
between-group comparisons. An alpha level of .05 was used as 
significance criterion in all statistical tests. The analyses were car
ried out by the SPSS Windows version 7.5.1. 
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RESULTS 

Weekly running sessions 

The amount of low intensity exercise (< 85% of the maximal heart 
rate) did not differ between the two groups (Fi,9=1.29; Table 2). 
The high training-intensity group trained nearly twice as much as 
the moderate training-intensity group at high training-intensity 
(>85% of the maximal heart rate [F19=16.58, p=0.003]). This 
overall group difference was mainly reflected in the intensity zone 
near the lactate threshold (F i j9= 12.39, p=0.007; Figure 1). With 
respect to (a) total volume of training and (b) strength, speed and 
explosive training combined, no substantial effect of the group 
factor could be revealed (Fi,9=0.07 and Fi i9=0.93, respectively). 

85-90% 90-95% 
(70-80%) (80-90%) 

Training intensity in % of maximal heart rate 
(% of maximal O2 uptake) 

Figure 1. Distribution of intensive endurance training in two groups of 
Norwegian male junior cross-country skiers during a 12 wk training pe

riod (mean ± SEM). 
HIG: High training-intensity group (n=5), MIG: Moderate training-
intensity group (n=6). 
§ denotes significant difference between groups, §§p<0.01. 
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*##пп = 65 

Pretest Midpoint Posttest 

Figure 2. The maximal 02 uptake for two groups of Norwegian male 
junior cross country skiers during a 12 wk training period (mean ± SEM). 
HIG: High training-intensity group (n=5), MIG: Moderate training-
intensity group (n=6). 

denotes significant change between groups after experimental period, 
*p<0.05. 
# denotes significant change from preceding value, #p<0.05, **р<0.01. 
n denotes significant change from initial value, öp<0.05, œp<0.01. 

Maximal 02 uptake 

All subjects were well-trained cross country skiers with a maximal 
02 uptake of 71±2 ml x kg-1 x min-1 (mean ± SEM) before the 
study was initiated. Results from the overall ANOVA stated that a 
substantial effect of the time factor (pre - midpoint - post) 
emerged due to relatively high scores at midpoint and low scores at 
posttest (F2,i8=32.22, p<0.0004) (see Figure 2). The two groups 
revealed no overall difference in maximal 02 uptake (FL9=0.24). 
However, the time and group factors yielded a significant interac
tion due to a relative drop in maximal 02 uptake from pretest over 
the two following tests in the moderate training-intensity group, 
when compared with the high training-intensity group (F 2,i8=5.59, 
p-0.013). More detailed results from t-tests stated that during the 
first 6 wk of the training (dry land period) the values increased by 
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4.0±1.2 (+5.6%, ?4=3.23, р=0.03) and 1.3±0.5 ml x kg-1 x min"1 

(+1.8%, f5=2.57, р=0.05) for the high training-intensity group and 
the moderate training-intensity group, respectively (Figure 2). 
Moreover, there was a tendency towards a group difference in 
training effect from pretest to midpoint (t9=2.17, p-0.058) when 
calculated as difference scores. 

Table 3. Mean scores and SEM for lactate threshold variables in two 
groups of Norwegian male junior cross country skiers during a 12 wk 
training period (pretest, after 6 wk = midpoint, after 12 wk = posttest). 

Parameter High training-intensity group Moderate training-intensity group 
(n=5) (n=6) 

Pretest Midpoint Posttest Pretest Midpoint Posttest 

Running velocity 2.75±0.08 2.72±0.06 2.75±0.06 2.72±0.08 2.84±0.U§ 2.75±0.08 
at LT1 (mxs-1) 

O2 uptake at LT 3.6810.13 3.7810.13 3.70±0.09 3.74+0.18 3.94+0.19 3.73±0.13 
(lxmin-1) 

Heart rate at LT 175±8 176±8 179+8 183±2 183±2 182+3 
(beatsxmin-1) 

The testing was carried out as treadmill running at 6° (10.5%) inclination. 
! LT = Lactate threshold. The lactate threshold was taken as the 02 up

take associated with a blood lactate concentration 1.5 mmol x Г1  

above the warm-up value. 
§ Denotes significant difference in change between groups from pretest 

to midpoint, §P<0.05. 

During the next 6 wk (mainly on snow) the maximal 02 uptakes fell 
by 4.3±0.7 ml x kg-1 x min-1 for the high training-intensity group 
(-5.8%, f4=-6.51, p=0.003) and by 5.7±0.8 ml x kg-1 x min"1 for the 
moderate training-intensity group (-7.9%, f5=-7.0, p=0.001). Pre- to 
post-difference scores stated that the maximal 02 value was almost 
unchanged (decreased by 0.3±1.2 ml x kg 1 x min -0.4%, ?4= 
-0.27) for the high training-intensity group, whereas this value for 
the moderate training-intensity group fell significantly by 4.4± 
0.8 ml x kg"1 x min-1 (-6.6%, r5=-5.67, p=0.002). In this way, the 
effect of training differed between the two groups when examined 
over the whole 12 wk training period (t9=2.94, p=0.016) and, thus, 
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explained the significant interaction of the group and time factors 
in the ANOVA. There were no systematic changes in body weight 
during the twelve week training period, meaning that the changes 
in the maximal 02 uptake, relative to the body mass, reflected 
changes in the maximal 02 uptake in absolute terms as well. 

Lactate threshold variables 

Before the training period the subjects reached their lactate threshold 
at an 02 uptake of 51.9±1.7 and 53.6±1.9 ml x kg-1 x min-1, cor
responding to a running velocity of 2.75±0.08 and 2.72±0.08 m x s_1 

for the high training-intensity and moderate training-intensity 
groups, respectively (Table 3). The ANOVA for running velocity 
at lactate threshold showed no overall significant effects of the 
time factor (F218=0.65) and the group factor (FI-9=0.04) (see Table 
3). However, there was a tendency of an overall interaction of the 
time and group factors because running velocity peaked at mid
point for the moderate training-intensity group and was reduced at 
midpoint in the high training-intensity group (F218=3.09, p=0.07). 
More detailed results from the t-tests stated that the high training-
intensity group did not substantially change their running speed at 
lactate threshold during the first 6 wk of training (-0.03+0.06 m x s"1, 
-1.0%), whereas the moderate training-intensity group increased 
their running speed by 0.12±0.03 m x s-1 (+4.1%, f5=3.46, p=0.02). 
Between the midpoint test and the posttest, and between pre- and 
posttest, there were no significant changes in the treadmill speed at 
the lactate threshold for either of the groups. 

The overall ANOVA for the absolute lactate threshold (ml 02 x 
kg-1 x min-1) (Figure 3a) stated that a significant time effect oc
curred (F2,18=4.73, p=0.022). This was due to a trend for the 
threshold to peak at midpoint for both groups. Moreover, there was 
no overall group difference in lactate threshold (F19=0.79). Also, 
the interaction between the time and group factors yielded no sig
nificant effect (F2i18=1.47) despite a trend for scores to increase 
more at midpoint among the moderate intensity skiers than among 
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the high intensity group. Moreover, at the end of the first 6 wk of 
training the 02 uptake at the lactate threshold did not change in the 
high training-intensity group (1.1±1.3 ml x kg-1 x min-1, +2.1%). 
In contrast, the moderate training-intensity group increased their 
O2 uptake at the lactate threshold by 2.7 ± 0.6 ml 02 x kg-1 x min-1 

(+5.0%, r5=4.08, p=0.01). (Table 3, Figure 3a). From the midpoint 
test to the posttest the 02 uptake at the lactate threshold was left 
nearly unchanged in the high training-intensity group (-1.5%), 
whereas for the moderate training-intensity group the 02 uptake at 
the lactate threshold fell significantly by 3.4±1.2 ml x kg-1 x min-1 

(-6.0%, ?5=-2.84, p=0.04). The differences between the pre- and 
posttest revealed no significant changes within the two groups con
cerning the 02 uptake at the lactate threshold (Figure 3a). 

The overall ANOVA for the relative 02 uptake at lactate thres
hold (% of maximal 02 uptake, see Figure 3b) stated that a signifi
cant time effect occurred (F218=4.06, p=0.035). Also, there was an 
overall group difference in the relative 02 uptake at lactate thresh
old (FIj9=10.76, /7=0.070), and there was a weak tendency of an 
overall interaction of the time and group factors (F2?18=2.72, 
p=0.093). More detailed t-tests showed that these findings were 
partly due to a continuos increase from pretest over the two fol
lowing tests in the moderate training-intensity group, ending 5.1% 
above the pretest value (t5=2.63, p=0.046). In contrast, the relative 
02 uptake at the lactate threshold for the high training-intensity 
group first decreased at midpoint, and then increased at posttest 
(t4=3.83, p=0.019). The effect was also reflected in difference 
scores from pretest to midpoint (t9=-2.44, p=0.037). However, in 
spite of these different patterns, there was no significant group dif
ference in change between pretest and posttest (t9=—1.76, p=0.112). 

For the heart rate at lactate threshold, results from the overall 
ANOVA indicated no significant effect of the time factor 
(F2,I8=0.50). Moreover, neither the group factor (F19=0.81) nor the 
interaction of the time and group factors (F2(I8=1.34) yielded sig
nificant group differences in heart rate at lactate threshold. 

8 
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Figure 3. Lactate threshold scores at pretest, after 6 wk (midpoint) and 
after 12 wk for two training groups of Norwegian male junior cross 
country skiers (mean ± SEM). 
(a) Scores on 02 uptake at the lactate threshold and (b) lactate threshold 
relative to the maximal 02 uptake in two groups of skiers over the course 
of a 12 wk training period. 
HIG: High training-intensity group (n=5), MIG: Moderate training-
intensity group (n=6). 
* denotes significant change between groups, §p<0.05. 
# denotes significant change from preceding value, #p<0.05. 
n denotes significant change from initial value, np<0.05. 
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DISCUSSION 

A main finding of this study is that the high training-intensity 
group improved and maintained their maximal 02 uptake when 
compared with a relative drop of maximal 02 uptake in the moder
ate training-intensity group over a 12 wk training period. The 
maximal 02 uptake peaked after 6 wk and returned to pretest level 
for the high training-intensity group, whereas a drop in maximal 02 

uptake was observed in the moderate training-intensity group. 
Thus, the hypothesis of a significant improvement of maximal 02 

uptake for the high training-intensity group was most strongly sup
ported by training on dry land. A second main finding was that 
during the whole training period the 02 uptake at the lactate thres
hold did not significantly change for either group. This finding was 
not according to prediction. 

Training during the study 

The training period was carried out from October to January, thus 
comprising both dry land training and on snow training. Both 
groups followed standardized training programs with minimal dif
ferences between the groups with respect to movement patterns 
and training methods. The subjects were good cross country skiers, 
although not among the top ten in their age group in Norway. 
Evertsen et al. [9, 10] investigated elite skiers with a lactate 
threshold close to 90% of their maximal 02 uptake, who conse
quently carried out more than 80% of their training at intensities 
close to their lactate threshold. The lactate threshold of the subjects 
in the present study was a great deal lower, approximately 75% of 
the maximal 02 uptake. Exercise at or slightly above the threshold 
was therefore indicated for these subjects, intensities that lead to 
exhaustion within 10-30 min if no pause is permitted. Intensive 
training was accordingly restricted to three sessions per week, even 
for the high training-intensity group. 
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Maximal 02 uptake 

The maximal 02 uptake was measured during uphill treadmill run
ning regardless of whether the subjects trained by running, roller-
skiing, or by skiing. Cross country skiers may show higher values 
of the maximal 02 uptake when tested on uphill skiing than on up
hill treadmill running, at least in the on snow period [31]. Thus, the 
drop in the maximal 02 uptake observed during the on snow train
ing period could be a consequence of the method of exercise used 
for the testing. However, the maximal 02 uptake rose more and 
dropped less for the high training-intensity group than for the mod
erate training-intensity group in the two phases of this study. This 
finding corroborates earlier studies showing that intensity appears 
to be the key factor in improving the maximal 02 uptake [18, 23, 
26, 28, 35]. Training at high intensity may increase the aerobic 
potential of fast-twitch fibres and enhance cardiac adaptation to a 
greater extent than training at lower intensity [7, 8, 16, 21]. The 
present investigation extends the findings of earlier studies [18, 23, 
26, 34] by showing that while the maximal 02 uptake dropped be
low the pretest value for the subjects training at moderate intensity 
when they started their on snow training, those training at high in
tensity maintained their maximal 02 uptake, as tested on treadmill 
running. This suggests that an increased training intensity in the on 
snow training may be of importance as it appears to reduce the 
negative effects of slow distance training on the maximal 02 up
take. 

The changes observed in the maximal 02 uptake during the 
study may also reflect that the subjects reduced their total training 
volume as they moved into the on snow period compared with the 
dry land period. This reduction was partly due to the difficult 
weather conditions common in the early phase of training on snow, 
but it also may reflect a tradition of lowering total training volume 
in the last part of the pre-competition period. However, this reduc
tion in total training volume was not compensated for by a relative 
shift toward high-intensive training and, consequently, the overall 
training stimulus was reduced. Although cross country skiers must 
take into account peak performance strategies and seasonal varia-
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tions, there should be no need to reduce the maximal 02 uptake in 
the important transition period, especially since it has been sug
gested that the maximal 02 uptake sets the upper limit for lactate 
threshold [6]. This further points out the importance of paying at
tention to high-intensive training in the transition period. 

Lactate threshold variables 

The 02 uptake at the lactate threshold did not change for either 
group during the study. The finding of an unchanged 02 uptake at 
the lactate threshold for the high training-intensity group over the 
two phases of the study, in conjunction with the changes in maxi
mal 02 uptake, explains why their lactate threshold relative to the 
maximal 02 uptake showed first an initial decrease with a subse
quent increase to the pretest level (cf. Figure 3b). The lactate 
threshold relative to the maximal 02 uptake rose for the moderate 
training-intensity group, but this effect appears at least partly to 
have been a consequence of a reduced maximal 02 uptake. This is 
consonant with the findings of Rusko [26] who suggested that ad
aptations at the sub-maximal level, as indicated by the lactate 
threshold, seem to be independent of training intensity. Rusko [26] 
further showed that only distance-trained skiers were able to in
crease their 02 uptake at the lactate threshold relative to the maxi
mal 02 uptake, concluding that distance training at relatively low 
intensity (i.e. below the lactate threshold) is the most effective way 
to improve sub-maximal work capacity. Conversely, Evertsen et al. 
[9, 10] in the elite skier study referred to above, found that training 
at intensities close to the lactate threshold was advantageous in 
improving the performance on a 20 min running test and in ele
vating the lactate threshold, as well as in terms of the enhancement 
of biochemical factors in the muscles. The well-trained subjects in 
that investigation carried out most of their training at intensities 
close to the lactate threshold. Their findings could mean that the 
subjects in the present inquiry might have benefited from some 
reduction of the high-intensity training. It could also be that large 
doses of training at high intensity require a high initial lactate 
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threshold. This issue is clearly not settled because several studies 
conclude that endurance training at or above the lactate threshold is 
pre-eminent with respect to raising the lactate threshold [17, 19, 
30, 33, 35]. Others report similar improvements for training below 
versus above the lactate threshold [4, 25]. 

Training specificity 

While the subjects during the first half of the study carried out 
mainly dry land training, they did largely on snow ski training 
during the latter half. This may explain the changes observed be
tween the pretest and the midpoint test, and from the midpoint test 
to the posttest. However, little information is available in the lit
erature on the effect of changes in training methods since most 
studies on the physiology of cross country skiing have been carried 
out during the dry land period, when skiers are more available. 
Training method specificity may be important for the maximal 02 

uptake, and it could be that the reduced maximal 02 uptake ob
served for the moderate training-intensity group is a consequence 
of the disparity between training by skiing and testing by running. 
Pierce et al., [24] examined changes in the lactate threshold and the 
maximal 02 uptake of men training either on the cycle ergometer 
or in running. Their results suggest that the Oz uptake at lactate 
threshold is more sensitive to the specificity of training than is the 
maximal 02 uptake. 

In conclusion, intensive training at or above the lactate threshold 
appeared to be more effective in improving or maintaining the 
maximal 02 uptake of cross country skiers than training at moderate 
intensity, and there may be no negative effect on the lactate thresh
old. The maximal 02 uptake may drop more during moderately in
tensive training on snow when compared with intensive training. 
Hence, well-trained cross country skiers may be well-advised to in
clude more training at intensities close to the lactate threshold as a 
general prescription, and in particular during training on snow. Fur
ther investigations are under way to examine the effects of strength 
training upon the performance in cross country skiing. 
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ABSTRACT 

This study tested the effects of direct and indirect teaching on the motor 
skill acquisition of the fifth grade children. Boys (n=14) and girls (n=14) 
from two classes were taught a cartwheel with different teaching styles by 
experienced and inexperienced teachers under school condition during the 
four lessons. The motor skill of the cartwheel performance were video
taped and estimated prior and post treatment. The results were analysed 
within groups to determine if the learning was evident, and across groups, 
to examine the relative effectiveness of two styles of teaching. The inter
action of two factors — the teacher's qualification and used methods — 
on learning outcome was evaluated using two way analysis of ANOVA. 
The learning outcome of the observed four groups revealed that the direct 
method was more acceptable for teaching complicated motor skill like 
cartwheel. 

The results of study indicated that learning outcome depends more 
from the teacher experience than from used methods. 

Key words: teaching styles, teacher's qualification, motor skill perform
ance, schoolchildren 
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INTRODUCTION 

Mosston's Spectrum of Teaching Styles has been widely applied in 
the field of physical education, and has been significantly refined 
since its inception in 1950's. Originally, the spectrum was a theo
retical framework of eight interconnected styles, Style A through 
H, all derived from the same decision-making scheme [10]. Later, 
the spectrum was extended to 10 styles [11]. This schema divides 
decision about the teaching learning process into three sets: plan
ning decisions, execution decisions, and assessment decisions. 
Each style has a unique theoretical structure determined by who, 
teacher or learner, makes which decisions. The value of any par
ticular style of teaching lies in the conditions leads to conjecture 
about each style's probable effect on learner outcomes. 

Styles A (command style), В (practice style), С (reciprocal 
style) and etc from one end of the spectrum are generally qualified 
as the direct style and the styles from the other end of spectrum as 
the indirect style of teaching (J-self teaching, I-learner initiated, H-
individual program, G-divergent and F-guided discovery) [3, 8, 11, 
12]. 

A good specification of the nature of the direct and indirect 
teaching styles has been presented by Chen [2]. According to it 
direct teaching provides security for both teachers and learners, 
because the program is arranged with a clear structure and progres
sion, so it is easier for teachers and learners to follow and manage. 
However, disadvantage is that it does not allow creativity, origi
nality, and individual differences. The major advantage of the indi
rect teaching is that it provides the learners with choice, flexibility, 
and responsibility for their own independent learning at their own 
level. The program is for all individuals. The teachers act as facili
tators. The limitation of this approach is that it takes time for learn
ers to get used to the concept of independent learning and establish 
the good habit of self-management. 

The selection of an appropriate teaching styles may depends on 
several factors; such as the goal of the task, learner's previous ex
perience in activity, the content of the activity, the availability of 
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facilities and equipment, personal preference and skills of the 
teacher etc [14]. 

Several studies have been attempted to establish relationships 
between particular styles of teaching and learning outcomes. Gold-
berger et al. [3] who examined the effects of teaching styles В, С 
and E (inclusion style) on learning outcome in a hockey accuracy 
task indicated that all three styles appeared to be beneficial. How
ever, the best results were gained by applying the styles В and C. 
Additionally, the positive effect of style С on social skill develop
ment was established. In the investigation about the effectiveness 
of the teaching styles in respect of different children aptitudes was 
found that for children with average aptitude the style В was the 
most effective [4]. 

The direct styles are useful and appropriate, particularly when 
learner's safety or precision performance are required. Goldber-
ger & Howarth [5] and Al-Mulla [1] have noted that if a teacher 
wants to teach a new and basic skill, then the direct method might 
be an appropriate choice. Divergent problem solving and guided 
discovery styles may be suitable for working towards curriculum 
objectives in dance, gymnastics and games [17]. 

From above presented statements arise the question, what style 
of teaching ( direct or indirect) is more suitable to teach cartwheel 
performance as one of the gymnastics movement in curriculum? 
Does it require safety and precision performance? Is this move
ment qualified as a complicated movement at school gymnastic 
level? If yes, then the direct style may be more appropriate for 
teaching. This opinion is in contradiction with assignment reported 
by Williams [17]. 

Al-Mulla [ 1 ] summarised the findings of a study designed to in
vestigate teacher's perceptions of different teaching methods and 
how often they are used during daily teaching. He noted that teach
ers' knowledge and use of different teaching methods, particularly 
those that provide more interactive and independent learning stra
tegies for pupils, are limited. Additionally, it was concluded that 
male teachers more frequently used a direct method while female 
teachers gave more emphasis to guided discovery method. 
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Several researchers and scholars have outlined differences be
tween experienced and inexperienced teachers in teaching skills 
such as in class time management, in teacher instructional and 
feedback behaviour, in student motor engagement [6, 7, 8, 15]. 
One of the essential characteristics of the effective/experience 
teacher is to have large repertoire of teaching styles [9, 13, 14]. 
However, based on the review of the literature, no studies have 
compared the effectiveness of different teaching styles in respect of 
use these by experienced and inexperienced teachers. 

Therefore, the objectives of this study were: 1) to determine 
which teaching style — direct or indirect — is more appropriate to 
teach cartwheel performance; and 2) to compare the effectiveness 
of different teaching styles applied by experienced and inexperi
enced teachers. 

MATERIAL AND METHODS 

Subjects 

Subjects for this study were 28 fifth grade children of one public 
school. A sample of 14 boys and 14 girls was randomly selected 
from a population of 64 volunteers. Seven children from each of 
these subgroups were then randomly assigned to form four treat
ment groups (two boys' and two girls' groups). In this study 4 
groups of learners practised cartwheel under one of two teaching 
method. 

The two female teachers with different experiences taught cart
wheel using direct and indirect teaching methods. One of them had 
more than 15 years teaching experiences and another was the stu
dent teacher. The experienced teacher taught the cartwheel in boys 
and student teacher in girls' groups. Both of them had undergone 
extensive training in the theory and utilisation of the spectrum of 
the Teaching Styles. For each method a basic script was prepared. 
The content of the four lessons applying the indirect and direct 
method used by both teachers is presented in appendix. 
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The experts of gymnastics estimated the cartwheel performance 
from the videotype recordings of the pretest performances of 28 
subjects independently. The scale score estimation of the cartwheel 
performance ranged from 1 to 5 with 0.5 interval. The internal con
sistency, calculated by Cronbach's alpha was 0.97 between two 
experienced experts of gymnastics. Variance coefficient of estima
tion not exceeded 12.5%. 

Data analysis 

Data are means and standard deviation. Mann-Whitney test was 
used to test the differences between the observed groups before the 
experience and paired t-test to evaluate the differences before and 
after the treatment in each group. To examine the overall effects of 
these treatments on learning outcome two way interaction analysis 
of ANOVA was employed. A level of p<0.05 was selected to indi
cate statistical significance. 

RESULTS 

Looking first at entry performance it can be seen in Table 1 that 
significant differences calculated by Mann-Whitney test were not 
evident among of the treatments groups at the pretest. Post hoc 
analyses indicated significant differences between the group taught 
by experienced teacher and the group taught by an inexperienced 
teacher when the direct method was used. No differences in learn
ing outcome followed when the indirect method was applied. 
However, in boys' group taught by experienced teacher the cart
wheel performance improved more than in the group of girls taught 
by inexperienced teacher. The main statistics for the interactive 
effects of teacher qualification and teaching method on learning 
outcome is showed in Table 2. Figure 1 represents the interaction 
of two factors; the teacher's qualification and used methods on 
learning outcome. From those two factors the teacher's qualifica
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tion had more impact on learning outcome than the used method. 
For both teachers the direct method was more effective in teaching 
the cartwheel performance than the indirect method. 

Table 1. Mean and SD of the test score before and after the treatment 
procedure of the boys and girls groups. 

Methods/ Pre-treatment Post-treatment 
— —-— t-value p-level subjects Mean SD Mean SD F 

Indirect method 
Boys (n=7) 3.5* 0.6 3.9 0.8 2.3 NS 
Girls (n=7) 3.7* 1.3 3.7 1.3 0.5 NS 
Direct method 
Boys (n=7) 2.8* 1.0 3.6 0.9 3.0 0.05 
Girls (n=7) 3.7* 1.2 3.9 1.2 1.3 NS 

* — notes the absent of differences between all observed groups calcu
lated by Mann Withney test. 

Table 2. Two-way interaction of teaching methods and teachers' qualifi
cations on learning outcome. 

Effect 
MS 

Effect 
df 

Error 
MS 

Error F p-level 

Teacher qualifications 1.42 24 0.27 5.2 0.05 
Methods 0.57 24 0.27 2.1 NS 
Common effect 0.14 24 0.27 0.5 NS 
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Figure 1. The interaction of teacher's experiences and teaching methods 

on learning outcome. 
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DISCUSSION 

This study represented an attempt to describe the impact of the 
teacher's qualification and teachers styles on learning outcome in 
respect of the cartwheel performance. The findings allowed to sug
gest that to teach cartwheel among schoolchildren by the direct 
method is more productive than indirect method. So the advice to 
use the styles of indirect method in gymnastics [17] may be more 
suitable for such kind of basic skills as travelling, balancing, 
jumping, rotation etc. but not for teaching cartwheel. Although 
cartwheel is considered to be a quite simple movement among 
gymnasts, then at school level in contrast it may be qualified as one 
of the complicated movements. The preference to use direct style 
of teaching in case of complicated movement has been also sup
ported by several investigators [3, 4]. Sweeting and Rink [16] have 
noted that when the direct method is used, the learners receive 
more instant feedback about performance. 

10 
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Unexpected findings of this study were the higher impact of the 
teacher qualification on learning outcome than the observed meth
ods. It was supposed that a newly qualified teacher is free from 
often used traditional styles of teaching that are typical of experi
enced teachers and so they are able to apply the relatively new 
styles (different kinds of indirect method) more efficiently. The 
results of this study not confirmed this hypothesis. 

Limits of this study is the number of observed teachers and 
children who were engaged in this study. Therefore, to make ex
tensive generalisation is not reasonable and future investigation in 
this area is necessary. Another fact that might have influence on 
study results concerned the selection of the sex groups. The boy's 
groups were taught by an experienced teacher and girl's group by 
inexperienced teacher. However, it is well known that to teach girls 
in such kind of activity and at this age is easier than boys. 

In conclusion, the learning outcome of the observed four groups 
revealed that the direct method was more acceptable for teaching 
complicated motor skill like cartwheel. The results of the study 
indicated that learning outcome depends more on teacher's experi
ence than on used methods. 
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APPENDIX 

The content of lessons 
The time for teaching the cartwheel was 20-25 minutes in each lesson 

Lessons activity in case of use the direct method 

Lesson 1 
1. Exercises for practising the ability to strength muscles and keep body 

under control. 
a) In supine position with the arms outstretched forwards for 5 to 

10 sec. stretch as long as possible while at the same time squeezing 
the legs, buttocks and arms as tightly as possible (3 time) 

b) The same exercise in prone position 
c) Using the assistant who raises up the tight body from supine posi

tion supporting subjects under the heels or legs (3 times) 
2. Exercises for practising overturned position (handstand). Handstand 

was included due to its' similarity of movement with cartwheel per
formance at the first phase. 
a) From tuck position, back to the wall or to the Swedish ladder, 

climbing up by feet (to the handstand) and down to the initial po
sition. 

b) From lying support, legs on the first step of the Swedish ladder 
climbing up by feet (to the handstand) and down to the initial po
sition. 

Lesson 2 
1. The repetition the exercises from the first lesson (1 time) 
2. Exercises for handstand 

a) From standing position the arms upwards, forward step by the take 
off leg with trunk pressing downward. 

b) The same as the previous exercise, but with trunk pressing down
ward to hand support on floor. 

c) Pushing off with support leg from squat support position on one 
leg. 

d) Swinging up with backward leg in squat support position on one 
leg. 
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e) Linking the exercise a,b,c to coherent movement (From standing 
position forward step by take off leg and swing with another leg to 
perform handstand) 

Lesson 3 
a) The performing handstand against the wall with an assistant. 
b) The straddling the legs on the headstand against the wall or with as

sistant. 
c) The same as in previous, but on the handstand 

Lesson 4 
a) The practising the exercises from lesson 3. 
b) The practising the whole cartwheel 
c) The practising the cartwheel performance across the mat only with 

hand support (to contact mat with leg was not permitted). 
d) The practising the cartwheel along the line. 

Indirect method 

From the spectrum of indirect method the guided discovery was used to 
lead the learner through a series of small steps to discover the solution to 
perform the cartwheel (divergent problem solving). 

Lesson 1 
The aim is to exercise the support phase on the hands. 
Divergent questions: 
1. What are the possible ways to balance with your two hands and one 

leg. 
2. What are three possible ways to perform the balance with two hands 

on floor and one leg on an apparatus, which is high than the support 
space of hands. 

3. Try to balance with one hand and one leg. 
4. Show three possible ways to move only on two hands. 

Lesson 2 
1. The repetition of more complicated exercises performed by pupils in 

lesson 1 and to enhance the time of balance. 
2. The pupils were asked to straddle legs in different positions and in 

different space levels. 
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Lesson 3 
To practise the cartwheel by using a circle on the floor. The children 
stood on the circle facing the middle of the circle. Then they tried to place 
hands and feet on the line of circle. As they become proficient, the circle 
was made progressively larger until it was a straight line. 

Lesson 4 
To practise the cartwheel over a gymnast bench. 

To practise the cartwheel over the carton boxes of different height 
which were placed on the gymnast bench. It allows children to choose the 
place to practice cartwheel according to their performance ability. 
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ABSTRACT 

The ATP synthesis is regulated by rate-limited enzymatic processes. It 
could be that the maximum activity of for example phosphofructokinase 
(PFK) limits the performance during high-intensity exercise. To examine 
this possibility seven healthy young men cycled for 9-15 s to exhaustion. 
Muscle biopsies were taken before and immediately after exercise and 
analyzed for lactate and phosphocreatine concentrations. The muscle lac
tate concentration rose by 10.4±1.6 mmol x kg™1 wet muscle mass (mean ± 
SEM), corresponding to a mean glycolytic flux expressed in units of 
fructose-6-phosphate (F-6-P) of 0.43 mmol F-6-P s-1 kg-1. The phospho
creatine and ATP concentrations fell by 6.9±0.9 and 0.5±0.2 mmol x kg-1, 
respectively, during the sprint. The postexercise phosphocreatine concen
tration was 8.9±0.8 mmol x kg-1, suggesting that there was a considerable 
energy reserve at exhaustion. PFK's catalytic activity expressed in units 
of F-6-P was 0.91 ±0.06 mkat x kg-1 wet muscle mass at 38 C, which is 
more than twice the observed glycolytic flux. PFK thus seemed to work at 
substrate concentrations less than its Km. This observation together with 
the high phosphocreatine concentration at exhaustion suggest that inade
quate ATP-supply because of an inadequate catalytic activity of PFK was 
not a cause of fatigue during these experiments. 

Key words: energy release, exercise, muscle metabolism, muscle ener
getics, phosphocreatine, phosphofructokinase, EC 2.7.1.11, power output. 
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INTRODUCTION 

During intense exercise working muscles use ATP at a high rate. 
The muscle ATP-concentration does, however, not change much 
during exercise [4, 9, 15, 16], showing that ATP is resynthesized as 
fast as it is being used. Aerobic and anaerobic enzymatic processes 
do the resynthesis, and the two quantitatively most important an
aerobic processes are linked to phosphocreatine breakdown and to 
the glycolytic production of lactate. 

All enzymatic processes have rate limits. The rate of aerobic 
ATP production may be set by mitochondrial enzymes or by the 02 

supply, and aerobic processes can therefore not provide ATP fast 
enough to provide all the ATP needed during high intensity exer
cise. It is also well established that the glycolytic enzyme phospho
fructokinase (PFK) has a clear rate limit [1], but it is not known 
whether this limit is ever reached during exercise in man. It has 
been shown that for exercise intensities that can be maintained for 
at least 30 s, the higher the exercise intensity, the higher is the rate 
of lactate production [16, 23]. Thus, rate limits were not apparent 
in those studies, but limits may perhaps be found during exercise at 
higher intensities and of shorter durations where the ATP turnover 
rate is even higher. 

To study the energy release and possible enzymatic rate limits 
during very high exercise intensities, we let subjects cycle at con
stant power for =10 and 30 s to exhaustion. Muscle biopsies were 
taken before and immediately after exercise, and the anaerobic en
ergy release was determined from measured changes in muscle 
metabolites. The catalytic activity of phosphofructokinase was 
measured and compared with the observed glycolytic flux. 



J. I. Medb0, E. Jebens, P. Gramvik 81 

SUBJECTS AND METHODS 

Subjects 

Seven men 27±2 yr old (mean±SD), 1.80±0.06 m tall, weighing 
78±9 kg and with a maximal 02 uptake of 39±3 (imol x s"1 x kg-1 

(52±4 mlsTPD x min 1 x kg"1) gave their written consent to serve as 
subjects in the experiments after thorough information about the 
experiments and procedures. The Regional Ethics Committee ap
proved the experimental protocol. 

Procedures 

Exercise was carried out on an electrically braked Krogh-type bi
cycle ergometer [10] at 2.0 Hz pedaling frequency. For the 10 s 
sprints described below the frequency was set to 2.1 Hz to com
pensate for the delay at the onset of exercise. The frequency was 
continuously shown to the subjects on an analog instrument. The 
ergometer was also equipped with a work meter counting the num
ber of revolutions of the flywheel (6 rev s_1 at 2 Hz) and thus re
cording the work done during each experiment accurately. The re
ported power is the ratio between the recorded work done and the 
exercise duration recorded by a stop watch. Only negligible devia
tions between the preset and the actual power were found in all 
experiments. 

The bicycle ergometer was equipped with flat pedals without 
straps around the foot. Thus, work was done on the ergometer only 
during the downward push. 

Pretests 

Each subject went through several pretests during the weeks before 
the experiments for familiarization with the equipment, exercise, 
and the experiments. The maximal 02 uptake was determined by 

и 
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the leveling off criterion [21]. Finally, the highest power that could 
be maintained for =10 s and =30 s was established for each subject. 

Experiments 

On the day of the experiment the subject arrived at the laboratory 
in the morning after an overnight fast. Local anesthesia (Xylocain, 
10 g x Г1) was given before four incisions in the skin and muscle 
fascia were made over the lateral portion of the quadriceps muscle 
of each thigh. Thereafter the subject warmed up for 10 min at 50% 
of his maximal 02 uptake before muscle biopsies were taken. The 
subjects cycled for about 10 s at the preset power to exhaustion 
while expired air was collected in a Douglas bag for later meas
urement of the 02 uptake. As soon as possible after exercise 
(=10 s) and while the subjects were still sitting on the bike, muscle 
biopsies were taken from both legs and immediately frozen in 
freon-22 cooled by liquid N2. For each biopsy taken we recorded 
the exact time from the end of exercise to the biopsy was sampled 
and frozen. 

In the second experiment carried out after a 1 h break the sub
ject carried out a 30 s ride to exhaustion. The same procedures as 
for the 10 s experiment were repeated apart for a lower power to 
allow for a longer exercise duration. Since the muscle and blood 
lactate concentrations were back to the resting value before the 
30 s exercise, the 10 s sprints were assumed to have no important 
effect on the second performance [2]. The biopsy sites before and 
after the two exercises were randomized by a Latin square proce
dure. 

Blood samples taken from a pre warmed finger as soon as possi
ble after exercise, and 2, 5, 8, 11, 15, 20, and 30 min after exercise 
were analyzed for lactate. 
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Analyses 

Biochemical analyses. Muscle and blood lactate concentrations 
were measured by enzymatic photofluorometry according to Pas-
soneau and Lowry [19], using the increase of NADH-concentration 
in the LDH-reaction (lactate dehydrogenase, EC 1.1.1.27). Pyru
vate produced was further processes by the glutamate-pyruvate 
transaminase reaction (l-alanine:2-oxoglutarate aminotransferase, 
EC 2.6.1.2), thus allowing a complete processing of all lactate in 
the sample. The muscle glucose-6-phosphate concentration was 
measured enzymatically according to Passoneau and Lowry [19]. 
Muscle phosphocreatine and ATP concentrations were measured in 
neutralized perchloric acid extracts of muscle biopsies by a lumi-
nometric method using firefly luciferase (EC 1.13.12.7; Bio-Orbit, 
Turku, Finland; Ref. 11). All values are expressed per kilogram 
wet muscle mass or per liter of blood. Since a working muscle 
probably does not take up fluid during exercise lasting less than 1 
min [16], no correction was made for possible changes in muscle 
fluid content during the exercises. 

Enzyme activity. The catalytic activity or ability of phosphofructo
kinase (PFK, EC 2.7.1.11) was measured at 340 nm on a Shimadzu 
MPS-2000 spectrophotometer according to a procedure by Pas
soneau and Lowry [19]. Muscle tissue dissected free from visible 
fat and connective tissue was homogenized in 50 mmol x L_1 Tris-
HC1 buffer at pH 8.1 and at a ratio of 20 g tissue per liter of buffer. 
The tissue was homogenized by hand using a tight fitting glass-
glass homogenizer. The activity was measured at around 25 and 
38°C within 4 h after homogenization to avoid reduction in the 
catalytic activity since separate pretests showed that some activity 
was lost upon subsequent freezing and thawing of the homogenate 
(data not shown). As little as 0.4 mg of tissue was enough for each 
analysis. The catalytic activities are expressed in katal (moles of 
fructose-6-phosphate [F-6-P] processed per second) at 25 and 
38°C. The actual temperatures of measurements were 25.4-25.9 
and 37.6-38.4°C (range), respectively, and the reported rates are 
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the measured rates corrected to 25.0 or 38.0°C, respectively, using 
a temperature coefficient of 1.07 K-1. 

О2 uptake. The volume of expired air collected in Douglas bags 
was measured in a wet spirometer, while the fractions of C02 and 
02 were measured on an automatic system (C02 on an analyzer 
from Simrad Optronics, Oslo, Norway; 02 on an S 3A/I analyzer 
from Ametek, Pittsburgh, PA, USA). 

Fiber typing. The staining procedure involved different combina
tions of alkaline, formaldehyde, and acid preincubations in se
quence before a routine myosin ATP-ase staining procedure. The 
muscle fibers were classified as type 1 or type 2 by a method de
scribed elsewhere [22]. 

All chemicals used were of analytical quality, and chemicals 
and enzymes used were bought from Boehringer Mannheim 
(Mannheim, Germany) and Sigma (St. Louis, MO, USA). 

Data analysis and statistics 

For phosphocreatine (PCr) the values in the biopsies frozen =12 s 
after exercise were 1.9±0.8 mmol x kg1 less than in the biopsies 
frozen =20 s later. Therefore only the values from the first biopsy 
taken from each subject are reported for phosphocreatine. For the 
other metabolites no differences were seen between the values 
from the two sets of biopsies, and the reported values are therefore 
the mean of the two sets of biopsies. The data are given as individ
ual results or as mean ± SEM. 

RESULTS 

During the so called 10 s bouts the subjects cycled at 12.9± 
0.3 W x kg"1 for 12.0±0.9 s to exhaustion. During the so called 
30 s bouts the subjects cycled at 9.7±0.3 W x kg-1 for 29±2 s to 
exhaustion. 
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Amounts of anaerobic energy release 

The preexercise muscle metabolite concentrations were 1.9±0.2 
(lactate), 17.6±0.9 (PCr) and 3.8±0.2 mmol x kg-1 (ATP) before 
both exercises. The postexercise biopsies were taken and frozen 
=12 and 32 s after the end of the bout. During the 10 s sprints the 
muscle lactate concentration rose by 10.4±1.6 mmol x kg-1 wet 
muscle mass, the phosphocreatine concentration fell by 6.9±0.9 
mmol x kg"1, while the glucose-6-phosphate concentration rose by 
2.2±0.3 mmol x kg"1. Lactate was thus produced at a mean rate of 
0.86 mmol x s"1 x kg"1, corresponding to 0.43 mmol F-6-P s-1 x kg"1. 
The blood lactate concentration rose by 1.3 mmol L"1 during the 10 s 
sprint as judged from blood samples taken around 40 s after the ex
ercise. The peak postexercise blood lactate concentration found 
5 min after the exercise was 8.5±0.6 mmol x L"1. 

During the 30 s rides the lactate concentration rose by 19.7± 
1.2 mmol x kg"1, while the phosphocreatine concentration fell by 
10.5±0.9 mmol x kg"1 and the glucose-6-phosphate concentration 
rose by 2.7±0.3 mmol x kg"1. The mean rate of lactate production 
was thus 0.70±0.06 mmol x s"1 x kg"1, corresponding to 0.35 mmol 
F-6-P s"1 x kg"1. During both rides the ATP concentration fell by 
0.55±0.14 mmol x kg"1. The blood lactate concentration rose by 
4.2 mmol x L"1 during the 30 s ride. The peak postexercise blood 
lactate concentration was 11.6±0.5 mmol x L"1. 

The muscle phosphocreatine concentration at exhaustion was 
8.9±0.8 mmol x kg"1 after the 10 s sprint and 6.5 mmol x kg"1 after 
the 30 s ride. There was thus a considerable reserve at exhaustion 
in both cases. 

In addition to the anaerobic energy release there was a consid
erable aerobic contribution as judged from the measured 02 uptake 
and the use of stored 02 (see Ref. 15 for details). Consequently, the 
calculated ATP-turnover rate during the 10 s sprint was 2.7 mmol x 
s"1 x kg"1 wet muscle mass, which is 2.7 times the value corre
sponding to the subjects maximal 02 uptake. 
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Catalytic activity of phosphofructokinase 

The catalytic activity or ability of phosphofructokinase (PFK) ex
pressed in units of fructose-6-phosphate (F-6-P) was 0.43±0.02 
mkat x kg"1 wet muscle mass at 25.0°C. The activity measured at 
38.0°C was 0.91±0.06 mkat x kg-1 wet muscle mass. The mean 
rate of lactate production of 0.43 mmol F-6-P s-1 x kg-1 wet muscle 
mass (n=7) was 47% of PFK's activity at 38°C (Figure 1). Moreo
ver, the observed rates of lactate production averaged over the 10 s 
sprints were not correlated to the enzymatic activity (not shown, 
P>0.15). 

The proportion of type 1 fibers was 47±4% of all, and the pro
portion thus varied little between the seven subjects. There was no 
apparent relationship between the proportion of type 1 fibers, 
PFK's catalytic activity, or the observed glycolytic flux during the 
10 s sprint. 

ALa/10 s ALa/30s PFK 25 °C PFK38=C 

Figure 1. Comparison of the glycolytic flux and the catalytic activity of 
phosphofructokinase. The bars are (left to right) the mean rate of lactate 
production during 10 and 30 s exhausting bicycling, and the catalytic ac
tivity of phosphofructokinase at 25 and 38°C. All entities are expressed in 
units of fructose-6-phosphate. The data are mean±SEM of seven subjects. 
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DISCUSSION 

The main finding in this study was that there was no sign of limited 
rates of lactate production as judged from the high phosphofructo
kinase activity relative to the rate of lactate production during the 
10 and 30 s bicycle sprints as well as the high phosphocreatine and 
ATP reserves at exhaustion. 

Inadequate supply of ATP can cause fatigue, but our data do not 
support that this has caused fatigue in our experiments. First, the 
ATP-concentration fell only moderately during exercise, suggest
ing that the muscle cells were able to regenerate ATP as fast as it 
was broken down. Second, there was a considerable phosphocrea
tine reserve at exhaustion that could produce more ATP if broken 
down. Third, the glycolytic flux was higher during the 10 s than 
during the 30 s sprint, suggesting that no limit in the glycolytic rate 
was met, at least not during the 30 s exercise. Fourth, phospho
fructokinase's catalytic activity, the assumed rate limiting enzyme 
of the glycolysis, was more than twice the observed glycolytic flux 
during the 10 s sprint and nearly three times the flux during the 
30 s exercise. It could be that other enzymes, for example glycogen 
Phosphorylase, could limit the glycogenolysis. However, we found 
an accumulation of glucose-6-phosphate, and as pointed out by 
others [4], there is an accumulation of other metabolites upstream 
of phosphofructokinase but little accumulation of triose phosphates 
downstream of this enzyme, suggesting that phosphofructokinase's 
activity limits the glycolytic rate during exercise. Thus, there is a 
number of reasons to assume that the muscle cell's ability to re-
synthesize ATP was not a limiting factor in our study. 

It could be that in real life there is a regulation of phosphofruc
tokinase's activity that is absent in the test tube, resulting in higher 
rates in the test tube than in live muscles. If so, we might have 
overestimated the maximum activity of our subjects. However, we 
are not aware of any evidence supporting that possibility. On the 
other hand, Peters and Spriet [20] found that there is a negative 
effect of diluting the sample, and they proposed that the catalytic 
activities of PFK measured in test tubes underestimates the value in 
live muscles. That conclusion is in line with several former studies. 
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First, Mansour [ 12] showed that the enzyme exists in either an in
active, low molecular-mass form (a dimer) or an active, high mo
lecular-mass form (probably a tetramer) as judged from the sedi
mentations rates. Since most assays in the test tubes are carried out 
at much lower concentrations than in real life, test tube experi
ments probably to a large extent measure the low-mass form, while 
in real life the high-mass form dominates. Bosca et al. [3] showed 
that the concentrated enzyme (that is the active tetramer) was not 
inhibited by ATP in the physiological range of concentration, while 
their diluted enzyme (dimer form) was. In line with this Dobson et 
al. [5] who showed that if fructose-2,6-diphosphate is present, pH 
has little effect on the activity of PFK in the physiologic range, and 
5 mmol L_1 ATP did not inhibit the enzyme. Thus, there is little 
reason to assume that we have overestimated the true catalytic ac
tivity of PFK in our subjects' muscles. 

We did not include release of lactate from muscle to blood 
during exercise in our calculations. The error is quite small even 
for exercise lasting several minutes [13, 17, Medb0 et al, submit
ted], and for exercise lasting some seconds there may be little time 
for releasing lactate. Our low blood lactate concentrations at the 
end of the exercises support that conclusion. Our calculations of 
the glycolytic flux also disregard accumulation of pyruvate and 
triose phosphates. As pointed out above the concentration of these 
muscle metabolites is low even after exercise [4, 18], and the error 
introduced is therefore of little importance. 

The muscle metabolites and catalytic activities are measured in 
muscle biopsies containing mixtures of both fiber types, and our 
reported values do not reflect possible differences between the two 
main muscle fiber types. Our subjects appeared to have nearly 
equal proportions of each of the two main fiber types, which is 
typical for this muscle. Blomstrand and colleagues measured the 
phosphofructokinase activity in the knee extensors of untrained and 
trained subjects and reported values between 0.35 mkat x kg-1 wet 
muscle mass for their welltrained subjects and 0.55 mkat x kg-1 for 
their untrained subjects at 25°C [1]. Our observed values are thus 
similar to the values of their subjects. 
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The reported glycolytic flux is an average over a =12 s period. 
If there was a delay from the onset of exercise to the onset of gly
colysis, the flux near the end would be higher than the reported 
value while the average value for shorter exercise periods would be 
less. This is most likely not a big problem. First, if there was a de
lay, phosphocreatine breakdown would have to cover the ATP-
turnover during that period. Since lactate production provided 
more than twice as much ATP as phosphocreatine breakdown did 
and since there was a considerable aerobic energy release, a possi
ble delay can at most be a second or two [15]. Second, Hirvonen et 
al. [8] reported an average rate of lactate production of 0.8 mmol x 
s-1 x kg-1 wet muscle mass during a 40 m sprint lasting around 5 s. 
That value is similar to our value for the 10 s sprint. Third, during 
2 min exercise to exhaustion lactate seems to be produced at a con
stant rate [14], further suggesting that there is no important delay in 
the lactate production at the onset of exercise. 

Our subjects exercised at very high powers for 12 s. Higher 
powers can be maintained for 3-5 s [4, 9 18]. Separate tests on our 
subjects suggest that they were able to develop a 10-20% higher 
power for a 3-5 s period than that found for the 10 s sprints (un
published observations). Since the glycolytic flux seems roughly 
proportional to the power, it is conceivable that even during these 
very intense bursts of exercise the glycolytic rate would probably 
not be more than around half of PFK's catalytic activity. In line 
with this Gaitanos et al. [7] reported a mean power during 6 s bicy
cling of 12.5 W x kg-1 and an anaerobic ATP turnover rate of 
14 mmol x s-1 x kg-1 dry muscle mass or 3.2 mmol x s-1 x kg-1 wet 
muscle mass. 

It is often held that enzymatic systems may reach their maxi
mum rate in real life and thus limit the metabolic flux. This did not 
seem to be the case for phosphofructokinase even in our extreme 
situation. We have recently suggested that in healthy humans the 
Na,K pump's maximum power is never reached even during ex
treme exercises [6, Medb0 et al., in review]. Other factors than ac
tivities of enzymes producing ATP may limit the performance even 
when the metabolic fluxes are very high. It could be that the mus
cle's ability to use ATP, for example the myosin ATP-ase activity, 

12 
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limits the performance. We are not aware of any data on the my
osin ATP-ase activity in human muscle that can test this hypothe
sis. 

To sum up, the glycolytic flux does not seem to be limited by 
phosphofructokinase's catalytic activity even during a 10 s sprint. 
A limited supply of energy in the form of ATP may therefore not 
be the limiting factor during this kind of exercise. 
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ABSTRACT 

This study compared vertical jumping performance characteristics in 
young (20-23-year-old), middle-aged (52-58-year-old) and elderly (66-
77-year-old) women. Two types of maximal vertical jumps were per
formed on force platform: squat jumps (SJ) from the static semi-squatting 
position and counter-movement jumps (CMJ) from the standing position. 
The jumping height, vertical velocity of take-off and mechanical power 
output of the whole body during take-off both in SJ and CMJ was signifi
cantly greater in the young women compared to the older groups, and in 
the middle aged women greater compared to the elderly women. The 
jumping height, vertical velocity of take-off and mechanical power output 
of the whole body during take-off in CMJ were greater compared to SJ 
only in young women. The young women had significantly greater abso
lute and body mass-related values of peak vertical ground reaction force 
in SJ than the other groups while the differences between the middle-aged 
and the elderly women were not significant. This study indicated that 
middle-aged and elderly women have a reduced ability to use potentiating 
effect of the stretch-shortening cycle to vertical jumping performance 
during counter-movement jump. 

Key words: vertical jumping performance, leg extensor muscles, aging, 
women 
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INTRODUCTION 

Muscle strength and the ability of the leg extensor muscles to de
velop force rapidly (explosive strength) are important performance 
characteristics which have been shown to contribute to several of 
the tasks of daily life as climbing stairs, walking or even the pre
vention of falls and trips [3, 13]. Aging is known to be associated 
with decreased maximal strength and explosive force production, 
especially at the onset of the sixth decade [12, 13, 22, 27]. 

Age-related decreases in maximal and explosive strength are 
associated with decline in muscle mass thought to be mediated by a 
reduction in the size and a loss of individual muscle fibres, espe
cially of fast twitch fibres [18, 19]. Moreover, maximal voluntary 
activation of the agonist muscles and/or changes in the degree of 
agonist/antagonist co-activation may also differ in relation to age 
depending on the type of motion and the time or velocity charac
teristics of actions [12]. 

The vertical jumps can be used as a model to study explosive 
force-generating capacity of the leg extensor muscles. It has been 
shown that explosive muscle strength characteristics may decline 
with increasing age even more than maximal strength [5, 17]. How
ever, the most of these measures are performed in male subjects. 

Natural dynamic human locomotion is characterized by stretch-
shortening cycle (SSC) actions, in which an eccentric muscle ac
tion precedes a concentric muscle action. It is well known that the 
force outcome in the maximal SSC actions is greater than force 
production during a concentric muscle action [2, 14, 15]. This is 
true also in aging subjects, although some studies have reported the 
mechanical performance enhancement after prestretching is some
what diminished with aging [5], while some others have shown no 
age-related differences in performance enhancement with SSC 
[25]. Vertical jump height has been used as a standard measure to 
assess the efficiency of SSC. It has been shown that vertical jumps 
preceded by an eccentric contraction (counter-movement and drop 
jump) result in greater vertical jump heights [2, 24]. However, age-
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related differences in the ability to use SSC in vertical jumping in 
women are poorly understood. 

The purpose of this study was to compare the vertical jumping 
performance in young, middle-aged and elderly women. More spe
cifically, we were interested in examining the biomechanical char
acteristics of squat and and counter-movement jump, i.e. jump 
without and with SSC. 

MATERIAL AND METHODS 

Subjects 

The total of thirty seven female subjects agreed to participate in the 
present study. The subjects were distributed into three age groups: 
young (20-23 year old, л=13), middle-aged (52-58 year old, «=11) 
and elderly (66-77 year old, n=13). The subjects were screened by 
questionnaire to exclude those with diagnosed musculoskeletal dis
orders. All the subjects were informed of the procedures to be util
ized as well as the purpose of the study and their written informed 
consent was obtained. The study carried the approval of the Uni
versity Ethics Committee. The physical characteristics of the sub
jects are presented in Table 1. 

Table 1. The physical characteristics of the subjects. Mean±SEM. 

Age groups 

Variables Young Middle-aged Elderly 
women women women 
(n=13) (n=ll) (n=13) 

Age (years) 20.6±0.2 55.5Ю.8 70.8±0.8 

Height (cm) 169.5±1.3 164.6±1.2 158.8±1.4 

Body mass (kg) 60.5±1.7 70.6±1.3 65.6±2.1 

Note: all variables were statistically significant (p<0.05) among the age 
groups. 
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Apparatus and Experimental Procedure 

The vertical jumping tests were performed on force platform (PD-
3A, Visti, Russia) with the measures of 0.75x0.75 m and natural 
frequency of 150 Hz. Two types of maximal vertical jumps were 
performed: squat jumps and counter-movement jumps. Squat jump 
(SJ) was begun from a static semi-squatting position with a knee 
angle of 90° of the knee flexion, followed by subsequent action, 
during which the leg and hip extensor muscles contracted concen
trically. Counter-movement jump (CMJ) started from the upright 
standing position immediately after a fast preparatory counter-
movement that stretched the leg extensor muscles (eccentric con
traction). This was followed by an explosive maximal extension in 
the opposite direction (concentric contraction). The subjects were 
instructed to jump with their hands on the hips to eliminate the in
fluence of the arm swing impulse. The movement amplitude of the 
knee joint during each jump was measured with electrogoniometer 
(Elgon) attached to the lateral side of the subject's right knee. 
Twenty-four to 48 hours before data collection the subjects were 
given instructions and the vertical jump tests were demonstrated. 
This was followed by a practice session to familiarize the subjects 
with the procedures. Prior to testing, each subject underwent a ten-
minute warming-up period, that consisted of submaximal leg er-
gometry followed by stretch exercises, and the subjects performed 
several preliminary trials. The testing jumps had to be performed 
reactively with maximal effort. The following characteristics were 
recorded by a vertical force-time curve for each jump [2]: 

Jumping height by the height of rise of the body centre of grav
ity: 

H = g tf2 / 8, 

where tf
: is flight time. 

Peak vertical ground reaction force (Rv p^. 
Vertical velocity of take-off: Vv = g tf/ 2, where g is accelera

tion of gravity (9.81 m/s2) and tf flight time. 
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Power output during take-off: P = W tf
2 / 8T, where W is body 

weight of the subjects, tf flight time and T time of vertical ground 
reaction force production. 

Three maximal SJ and CMJ were recorded and the trial with 
best jumping height in both cases was used for further analysis. A 
rest period of 1 min was allowed between the trials. The peak ver
tical ground reaction force in relation to body mass was calculated 
for both types of jumps. 

Data Analysis 

Data are means and standard errors of the mean (±SEM). One-way 
analysis of variance (ANOVA) following by Tukey post hoc com
parisons were used to test for differences between age groups and 
for different types of vertical jumps. A level of p<0.05 was se
lected to indicate statistical significance. 

RESULTS 

The young women had significantly greater height and less body 
mass than other groups, while the middle-aged women had signifi
cantly greater height and body mass than the elderly women (Table 
1). 

The jumping height of both SJ and CMJ was significantly 
greater in the young women compared to other groups, and in the 
middle-aged women greater compared to the elderly women (Fig
ure 1 A). The jumping height in CMJ was significantly greater 
compared to SJ in the young women, however, no significant dif
ferences in jumping height between CMJ and SJ in the middle-
aged and elderly women were observed. 

The young women had significantly greater peak vertical ground 
reaction force in SJ than the other groups while the differences be
tween the middle-aged and the elderly women were not significant 
(Figure IB). The young women had also significantly greater peak 

13 
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vertical ground reaction force in CMJ than the middle-aged women, 
while the differences between the young and elderly women, and the 
middle-aged and elderly women were not significant. 

SJ CMJ 

Figure 1. Mean (±SEM) jumping height (H) A, peak vertical ground re
action force (Rv,peak) В and ground reaction force relative to body mass 
(Rv,peak/Body mass) С in squat jump (SJ) and counter-movement jump 
(CMJ) in women at different age. *p<0.05; **p<0.01; ***p<0.001 

1 I Young 
///J Middle-aged 
ШЛИ Elderly 
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The peak vertical ground reaction force in SJ in relation to body 
mass was significantly greater in the young women compared to 
the older groups, while differences between the middle-aged and 
elderly women were not significant (Figure 1 ). The peak vertical 
ground reaction force in CMJ in relation to body mass differed 
between the groups so that the young women had greater values 
than two older groups, and the elderly women had greater values 
than the middle-aged women. In the elderly women, the peak verti
cal ground reaction force in relation to body mass was significantly 
greater in CMJ compared to SJ. 

The young women had significantly greater vertical velocity of 
take-off (Figure 2A) and mechanical power output of the whole 
body during take-off (Figure 2B) both in SJ and CMJ compared to 

I I Young 
S/Si Middle-aged 
ГТТТТТП elderly 

SJ CMJ 

SJ CMJ 

Figure 2. Mean (±SEM) vertical velocity of take-off (Vv) A and power 
output during take-off (P) В in squat jump (SJ) and counter-movement 
jump (CMJ) in women at different age. *p<0.05; **p<0.01; ***p<0.001 
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the older groups, and the middle-aged women's respective values 
were greater compared to the elderly women. The vertical velocity 
of take-off and mechanical power output during take-off in CMJ 
were greater than in SJ in the young women, while no significant 
differences in these characteristics between CMJ and SJ were ob
served in the middle-aged and elderly women. 

DISCUSSION 

This study indicated markedly greater jumping height, vertical ve
locity of take-off and mechanical power output of the whole body 
during take-off both in SJ and CMJ in young (20-year-old) women 
compared to middle-aged (50-year-old) and elderly (70-year-old) 
women. The mentioned characteristics in middle-aged women were 
greater than elderly women. The age-related differences in vertical 
jumping performance are conditioned by the following factors. 

The jumping height, vertical velocity of take-off and power 
output production during take-off of vertical jump depends on the 
physiological process which take place in muscular and nervous 
systems with aging. It is well known that explosive force is one 
important factor limiting performance in jumping exercises. Sev
eral studies indicated that explosive force production capacity may 
decline with increasing age even more that maximal strength of the 
same muscle group [5, 11, 13, 17]. The age-related decrease in 
muscle strength has been attributed to a great extent to the reduc
tion in muscle mass which is related to alterations in hormone bal
ance [10], and the decline in the quantity and intensity of physical 
activity [21]. It has been shown that muscle mass is reduced by 
about one third over the age of 50, with a further reduction of about 
15 percent between the ages of 70 and 80 years [9]. A decline in 
muscle mass could be indicative of either an age-related loss of 
muscle fibres, a decrease in fibre size, or a loss of entire motor 
units [1]. Lexell et al. [19] indicated that in subjects aged between 
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20 and 80 years in addition to a loss of muscle fibres, aging atro
phy may be caused by a reduction in fast-twitch fibre size. 

An important factor is intramuscular co-ordination and co-
activation of activity of the agonist-antagonist muscles involved in 
performing jump [23]. Age-related changes in the spinal cord have 
been shown by electrophysiological and morphological methods. A 
decline in the numbers of myelinated fibres in human spinal roots 
[8] and in peripheral nerves [26], and progressive loss of motoneu-
rones [7] with increasing age has been indicated. Demyelinisation 
of spinal and peripheral nerves may result in denervation of some 
muscle fibres with subsequent atrophy and weakness of the motor 
responses. A selective loss of large motoneurones which innervate 
fast-twitch muscle fibres would be correlated with a loss of explo
sive strength, since these fibres are recruited during rapid force 
production [16]. Thus, the age-related decrease in vertical jumping 
performance in women can be partly explained by decline in the 
ability for rapid neural activation of the extensor muscles of lower 
extremities. 

In the present study the vertical jumps were performed without 
(SJ) and with preliminary counter-movement. Counter-movement 
jump is an exercise characterized by the so-called SSC, in which 
the action of muscles during the eccentric phase influences the sub
sequent concentric phase [2, 24]. Several mechanisms have been 
proposed to explaine the positive effect of a counter-movement on 
the performance in the subsequent concentric action: (1) it allows 
for storage of elastic energy that can subsequently be re-utilized [2, 
6], (2) it triggers spinal stretch reflexes as well as longer-latency 
responses [20] that help to increase muscle stimulation during the 
concentric phase, (3) it allows for greater joint movements at the 
start of push-off and more work production [4]. The present study 
indicated that the jumping height, vertical velocity of take-off, me
chanical power and work performed by whole body during take-off 
in CMJ were greater compared to SJ only in young women. No 
significant differences in jumping height and biomechanical char
acteristics of take-off between SJ and CMJ were found either in 
middle-aged and elderly women. This study indicated, conse
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quently, that middle-aged or elderly female subjects cannot effec
tively use potentating effect of counter-movement (and SSC) to 
vertical jumping performance 

In summary, the present results are in line with the earlier find
ing that the capacity for explosive force production of the leg ex
tensor muscles declines drastically with increasing age. Middle-
aged and elderly women showed a reduced ability to use the po
tentating effect of SSC to vertical jumping performance during 
counter-movement jump. 
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ABSTRACT 

This study evaluated effects of intensified physical education lessons for 
42 first and second grade students on health-related fitness and physical 
activity during lessons. Two schools were assigned to two conditions 
(intensified or health-related and usual programs). During two school 
years, intensified physical education classes were taught by physical 
education specialist and control classes were taught by classroom 
teachers. Measures of health-related fitness and heart rate data during 
lessons were collected. Mean heart rates during intensified physical edu
cation classes (157.2±17.7 bpm) were significantly higher when com
pared to heart rate of control class students (134.8±15.6 bpm, p<0.05). 
After 2 years, students from intensified physical education classes were 
superior to students in control condition on agility, speed, cardiovascualar 
endurance, functional and explosive strength (p<0.05). Our results sug
gest that intensified or health-related elementary classes have had a signi
ficant positive effect on health-related fitness and physical activity during 
lessons. 

Key words: elementary physical education, physical activity, health-
related fitness 
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INTRODUCTION 

It is widely acknowledged that children and youth need regular 
physical activity for normal growth and development, maintenance 
of good health and fitness, and development of physical activity 
skills and behaviors that will carry into adulthood [19, 21]. School 
physical education have many important goals, such as the devel
opment of motor skills, creative and artistic expression, self-reali
zation and social development [3]. However, an important function 
of school physical education is to engage students in moderate-to-
vigorous physical activity (MVPA), a requirement for experiencing 
both health and motor skill development benefits [11, 19]. Moreo
ver, children's cardiorespiratory fitness will only be promoted in 
physical education lessons if they spent an appropriate amount of 
time in MVPA. When considering the frequency of MVPA, it is 
clear that the majority of physical education curricula do not have 
the frequency of lessons (three per week) to increase cardiorespi
ratory fitness in children [20]. 

There is general agreement on how physical education pro
grams can be improved. Classes need to be taught more frequently 
and by more qualified instructors [1, 9, 15]. However, the fre
quency of physical education lessons and the amount of moderate-
to-vigorous physical activity children obtain during physical edu
cation may be less than recommended [21]. Many physical educa
tion programs are available and the dominant curricula have em
phasized skill-related fitness of movement education, though de
velopmental, humanistic, and personal meaning curricula have 
been promoted [7]. In the past 10 to 15 years, the emphasis has 
begun to shift to the effects of physical education on the health-
related physical activity and fitness, as the important health effects 
of physical education have been documented [2, 8, 11]. Several 
studies have demonstrated that health-related physical education 
programs in elementary school can increase physical activity dur
ing class and improve cardiovascular fitness [5, 9, 17, 18]. Sallis et 
al [17] evaluated the effects of a health-related physical education 
program on physical activity and fitness in four- and fifth-grade 
students. It was concluded that health-related physical education 
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program can provide students with substantially more physical ac
tivity during physical education classes. Simons-Morton et al. [20] 
revealed that modification of the school physical education pro
gram increased the time children engaged in moderate-to-vigorous 
physical activity from less than 10% of class time at baseline to 
about 40% of the class time at posttest. In addition, Shephard and 
Lavallee [18] concluded that the enhanced physical education pro
gram (one hour of required physical education daily) improved 
several indices of physical performance in elementary schoolchil
dren. 

In Estonia, like in many other countries, classroom teachers are 
responsible for teaching elementary physical education classes. 
However, classroom teachers are frequently untrained to conduct 
quality physical education in which lessons are likely to produce 
optimal skill gains and sufficient MVPA level of children [9]. Sev
eral studies have shown that physical education specialists usually 
provide better physical education than nonspecialists both in proc
ess and outcome measures [5, 10]. Results also show that curricu
lum-based interventions, such as the CATCH and SPARK pro
grams (coupled with in-service training for classroom teachers) can 
substantially increase students' physical activity levels [8, 17]. 

Previous studies with elementary schoolchildren have mainly 
examined the effects of different physical education programs on 
measures of physical fitness or physical activity separately. The 
present study, however, focuses on the effects of intensified or 
health-related physical education on both physical activity during 
classes and health-related physical fitness of elementary school 
children. 

METHODS 

Setting and schools 
Two elementary schools were randomly assigned to either health-
related physical education program (experimental) or usual pro
gram (control) conditions. Two first grade classes from the experi
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mental and two from the control conditions were recruited to the 
study. Forty two students remained for the entire period of mea
surements from initial forty eight. 

Experimental program. During 2 year period, children in the 
experimental group received 3 h of physical education each week, 
under the supervision of proffessional physical educator. The 
program aimed at maximizing physical activity of all students 
during the assigned time, with the intent of increasing each child's 
aerobic and muscular capacity. Activities were carefully choosed 
according to the motor development of the children and included 
indoor and outdoor activities (track and field, various games etc.). 
Children from the control group received only the standard physi
cal education program for primary students and lessons (3 times 
per week) were supervised by classroom teacher. At the start of the 
program, teacher conducting experimental classes had 4 year and 
teacher supervising control classes 11 years teaching experiences. 

Physical fitness 
Four test from EUROFIT test battery were used to evaluate the 
physical fitness of children: standing long jump, 10x5 m shuttle 
run, bent arm hang and sit ups. 3-minute run according to Kaneko 
and Fushimoto [6] was used to measure the cardiovascular 
endurance of the students. Four measurement sessions were carried 
out in september 1997, apr il 1998, september 1998 and april 1999 
during one-week school period. All measurements were taken by 
3 experienced instructors. 

Heart rate monitoring 
Heart rate of every child was measured during health-related and 
usual physical education classes (control class) in two testing ses
sions (september 1997 and april 1998). Heart rates were recorded 
with Sport tester (Polar Electro, Finland) at 15 sec intervals. The 
device consisted of a sensing/transmitter unit strapped to the chest 
and a receiver/memory unit worn on the wrist. The data were 
transmitted to the computer using a special interface. The fol
lowing heart rate variables were calculated: mean heart rate during 
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physical education classes (MHR), mean % of MVPA (150 bpm) 
during classes. 

Statistical analysis 

Data were analyzed using repeated measures analysis of variance 
(ANOVA). For each change measure, an effect size was calculated 
to quantify the gains achieved by the experimental students relative 
to controls. Effect size was the difference between two group 
means, divided by the underlying standard deviation. Effect sizes 
greater than 0.4 are considered large; 0.3 is moderate; and 0.1 is 
small [4]. Significance was set at p<0.05. 

RESULTS 

Descriptive data of the subjects at baseline and effect sizes after 
two-year intervention are presented in Table 1. Multivariate 
ANOVA revealed no differences on physical fitness and anthropo-
metrical measures at baseline between two classes. 

Table 1. Descriptive baseline data and effect sizes for experimental and 
control 1 classes. 

Experimental Control P Effect 
Measures (n= 20) (n= 22) Size vs. 

X SD X SD Control 
Age (yrs) 7.2 0.4 7.1 0.3 ns 0.122 
Height (cm) 133.6 6.4 134.5 5.6 ns 0.217 
Weight (kg) 29.3 4.2 29.7 3.8 ns 0.228 
10x5 m shuttle run (sec) 21.7 1.1 22.0 1.2 ns 0.232 
3 minute run (m) 412.4 19.6 415.3 18.4 ns 0.344 
Bent arm hang (sec) 7.8 3.2 7.3 2.7 ns 0.217 
Standing long jump (cm) 132.5 10.6 133.2 9.5 ns 0.222 

ns — not significant (p>0.05) 
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The effects of condition on health-related fitness measurements 
after intervention period were medium. 

Figure 1 shows changes in 10x5 m shuttle run across four mea
surement sessions. The results of the 4x2 ANOVA with the factors 
of age and condition revealed statistically significant differences 
between teaching conditions on 2nd, 3rd and 4th measurement ses
sion. Figure 2 presents changes in aerobic fitness across measure
ments. Significant differences between two classes are apparent in 
3rd ja 4th measurements. Changes in bent arm hang are presented in 
Figure 3. Multivariate ANOVA revealed significant differences 
between two groups in measurement sessions 3 and 4. Figure 4. 
shows changes in explosive strength across measurements. Results 
revealed higher result of experimental group in second year mea
surements. Heart rate data (Figure 5) shows a significantly higher 
mean HR of children during experimental lessons. 
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Figure 1. Changes in 10x5 m shuttle run. 
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Figure 2. Changes in 3 minute run. 
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Figure 3. Changes in bent arm hang. 
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Figure 4. Changes in standing long jump. 
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Figure 5. Mean heart rate during lessons. 

DISCUSSION 

Significant changes in health-related fitness measures and higher 
levels of physical activity were achieved using intensified or 
health-related primary physical education classes over the 2-year 
experimental period. These results are supportive for further 
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increasing the amount of health-related activities during physical 
education classes already beginning from the elementary school 
years. The importance of preservise training of classroom teachers, 
responsible for teaching physical education in elementary school 
years, is also evident from our results. 

School physical education classes have many important goals, 
such as the acquisition of motor skills, creative and artistic expres
sions, self-realization and social development [3]. One important 
function of school physical education, however, is to engage 
students in moderate-to-vigorous physical activity, a requirement 
for experiencing both health and motor skill development benefits 
[19]. Moreover, children's cardiorespiratory fitness will only be 
promoted in physical education lessons if they spent an appropriate 
amount of time in MVPA. The findings of present study showed 
that mean heart rate of children during intensified physical educa
tion lessons was significantly higher compared with students of 
control classes. Different recommendations related to time children 
should spent in MVPA (at least 150 bpm) during classes for health-
related purposes included 30 to 50% of class time [14, 25]. In a 
recent review of children's heart rate research during physical 
education lessons, Stratton [25] established two guidelines that 
include intensity and duration criteria for first moderate and second 
vigorous physical activity: 

To achieve a moderate level of physical activity, children 
should be moving (walking or faster) for at least 50% (or 20 min) 
of lesson time with a heart rate between 50 and 59.9% of maxi
mum heart rate reserve (135 to 148 beats per minute). 

To achieve a vigorous level of physical activity, children's heart 
rates should be in excess of 60% of maximum heart rate reserve 
(148 beats per minute) for at least 50% (or 20 min) of lesson time. 

Therefore, moderate-to-vigorous physical activity intensity 
between 50 and 74.9% (135 and 173 beats per minute) are appro
priate for physical education curriculum goals for promoting physi
cal activity and cardiorespiratory fitness [25]. 

Heart rate data of the present investigation showed that heart 
rate of children from experimental classes is meeting both recom
mendations established by Stratton [25] whereas physical activity 

15 
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levels of students receiving standard physical education program 
met only first recommendation. Therefore, it is clearly evident that 
time spent in MVPA during physical education classes using inten
sified program is sufficient to promote health-related physical acti
vity and fitness of elementary children. Consistent with our results, 
several previous studies have also demonstrated that health-related 
physical education program in elementary school can increase 
physical activity during lessons [8, 11, 17, 22]. Simons-Morton 
[20], for example, revealed that modification of the school physical 
education program increased the time children engaged in MVPA 
from less than 10% of class time at baseline to about 40% of the 
class time at posttest. However, as several authors [3, 11, 13] 
stated, the goals of primary physical education should not be li
mited for promotion of sufficient physical activity for health-
related purposes, but also include development of motor skills, 
self-realization and social development. Thus, the implementation 
of health-related physical education lessons during elementary 
school years should be combined with alternative programs (motor 
learning, social and personal development etc.) for fulfilling 
broader goals of elementary school physical education. 

The effects of intensified physical education lessons on health-
related fitness of the children from experimental classes were evi
dent after one year implementation period of this programm. Multi
variate analysis of variance showed that gains of cardiovascular 
fitness, muscular endurance, speed, agility and explosive strength 
were statistically significant. Effect sizes calculated for different 
fitness measures ranged from 0.21 to 0.34, which, according to 
Cohen [4] were moderate. Thus, the intervention led to improve
ments on health-related fitness components that were emphasized 
most in the experimental lessons. These results are in agreement 
with previous intervention studies [8, 17, 18] of elementary school 
students. Shephard [18] assessed the changes of physical fitness as 
a result of enhanced physical education program in 7 to 12 year old 
children. It was concluded that an enhanced program can increase 
fitness in primary school students, but the size of gains is not a 
strong argument for such programs. The effects of a 2-year phy
sical education program on physical activity and fitness in elemen
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tary school students was assessed by Sallis et al. [17]. Consistent 
with results of present study, Sallis et al. [17] revealed that the 
largest fitness gains were found in experimental classes where 
lessons were taught by specialist-led conditions. In addition, inte
restingly, results showed that this effect was more marked in girls. 
Authors stated that the reason for that may be related to the fact 
that girls seem to be more responsive to physical activity and 
fitness change programs. Similar results were also reported by 
Vandongen et al. [26] and Stone et al. [24]. 

One weakness of present study, in our opinion, was the fact that 
the influence of possible confounding factors (habitual physical 
activity, somatic growth, social influences etc.) were not taken into 
consideration. However, previous investigations involving elemen
tary school children have identified parental support, enjoyment of 
physical activity, time spent outdoors and attitudes toward exercise 
behavior as factors associated with physical activity behavior [16]. 
According to the recently developed ecological models [23], beha
vior (e.g. physical activity) can be influenced by multiple intra
personal, environmental and social variables [12]. Clearly, further 
work is needed to address the effects of school physical education, 
organized and non-organized exercise behavior outside of schools, 
as well as possible environmental and personal factors on physical 
fitness and health-related behavior during childhood. 

In conclusion, significant effects of intensified physical educa
tion classes on health-related fitness measures as well as on phy
sical activity during elementary lessons were appearant. These 
results are clearly supportive to orient elementary school physical 
education curriculum toward health-related fitness and activity 
content. 

REFERENCES 

1. American Alliance for Health, Physical Education, Recreation 
and Dance. (1994) Guidelines for elementary school physical educa
tion. A position statement of NASPE. Reston, VA: AAHPERD 



1 1 6  E f f e c t s  o f  a  h e a l t h - r e l a t e d  p h y s i c a l  e d u c a t i o n  c l a s s e s  

2. Blair S. N., Clark D. G., Cureton K. J., Powell K. E. (1989) Exer
cise and fitness implications for a lifetime of health. In: Perspective in 
Exercise in Sports and Exercise, С. V. Gisolfi, D. R. Lamb (eds). In
dianapolis, IN: Benchmark Press, Inc. 

3. Buschner С. A. (1994) Teaching children movement concepts and 
skills: becoming a master teacher. Human Kinetics, Champaign, IL. 

4. Cohen J. (1977) Statistical power analysis for the behavioral sciences. 
Academic Press, New York. 

5. Faucette N., McKenzie T. L., Patterson P. (1990) Descriptive ana
lysis of nonspecialist elementary physical education teachers' cur-
ricular choices and class organization. J. Teach. Phys. Educ. 9: 284-
293. 

6. Kaneko M., Fuchimoto T. (1993) Endurance performance capacity 
of 7 to 18 year boys and girls assessed by the "shuttle stamina test 
(SST)". In: World-Wide Variation in Physical Fitness, A. Ciaessens, J. 
Lefevre, B. van den Eynde (eds). Leuven: Institute of Physical Educa
tion, Catholic University of Leuven, 80-86. 

7. Koslow R. E. (1988) Can physical fitness be a primary objective in a 
balanced physical education program? J. Phys. Educ. Ree. Dance. 59: 
75-77. 

8. McKenzie T. L., Nader P. R., Strikmiller P. K., Yang M., Stone E. 
J., Perry C. L., Taylor W. C., Epping J., Feldman H., Luepker R. 
V., Kelder S. H. (1996) School physical education: Effect of the 
Child and Adolescent Trial for Cardiovascular Health (CATCH). 
Prev. Med. 25:423-431. 

9. McKenzie T. L., Sallis J. F., Kolody В., Faucetter N. F. (1997) 
Long-term effects of a physical education curriculum and staff devel
opment program: SPARK. Res. Q. Exerc. Sport. 68: 280-291. 

10. McKenzie T. L., Sallis J. F., Faucetter N. F., Kolody В., Roby J. 
(1993) Effects of an in-service intervention on the quality and quantity 
of elementary classroom teachers' physical education classes. Res. Q. 
Exerc. Sport. 64: 178-187. 

11. McKenzieT. L., Sallis J. F., Faucetter N. F., Roby J. J., Kolody B. 
(1993) Effects of a curriculum and inservice program on the quantity 
and quality of elementary physical education classes. Res. Q. Exerc. 
Sport. 64: 25-31. 

12. McLeroy K. R., Bibeau D., Steckler A., Glanz К. (1988) An eco
logical perspective on health promotion programmes. Health Educ. Q. 
15: 351-377. 



L. Raudsepp, P. Päll 117 

13. Metzler M. (1989) A review of research on time in sport pedagogy. J. 
Teaching Phys. Educ. 8: 87-103. 

14. Morrow J. R., Freedson P. S. (1994) Relationship between habitual 
physical activity and physical fitness in adolescents. Ped. Exerc. Sei. 
6: 315-329. 

15. Pate R. R., Small M. L., Ross J. G., Young J. C., Flint K. H., War
ren C. W. (1995) School physical education. J. School Health. 65: 
312-318. 

16. Sallis J. F., Johnson M. F., Calfas K. J., Caparose S., Nichols J. F. 
(1997) Assesssing perceived physical environmental variables that 
may influence physical activity. Res. Q. Exerc. Sport. 68: 345-351. 

17. Sallis J. F., McKenzie T. L., Alcaraz J., Kolody В., Fauchette N., 
Roby J., Howell M. F. (1997) The effects of a 2-year physical educa
tion program (SPARK) on physical activity and fitness in elementary 
school students. Am. J. Publ. Health. 87: 1328-1334. 

18. Shephard R. J., Lavallee H. (1994) Changes of physical perform
ance as indicators of the response to enhanced physical education. J. 
Sports Med. Phys. Fitness. 34: 323-335. 

19. Simons-Morton B. G., O'Hara N. M., Simons-Morton D. G., Par
cel G. S. (1987) Children and fitness: A public health perspective. 
Res. Q. Exerc. Sport. 58: 295-302. 

20. Simons-Morton B. G., Parcel G. S., Baranowski T., Forthofer R., 
O'Hara N. M. (1991) Promoting physical activity and a healthful diet 
among children; Results of a school-based intervention study. Am. J. 
Publ. Health. 81: 986-991. 

21. Simons-Morton B. G., Parcel G. S., O'Hara N. M., Blair S. N., 
Pate R. R. (1988) Health-related physical fitness in childhood: Status 
and recommendation. Ann. Rev. Public Health. 9: 403-425. 

22. Simons-Morton B. G., Taylor W. C., Snider S. A., Huang I. W. 
(1993) Physical activity of fifth-grade students during physical educa
tion. Am. J. Publ. Health. 83: 262-265. 

23.Stokols D. (1992) Establishing and maintaining healthy environments: 
Toward a social ecology and health promotion. Am. Psychologist. 47: 
6-22. 

24. Stone E. J., Baranowski T., Sallis J. F. (1995) Review of behavioral 
research for cardiopulmonary health: Emphasis on youth, gender, and 
ethnicity. J. Health Educ. 26 (suppi): S9-S17. 

25. Stratton G. (1996) Children's heart rates during physical education 
lessons: A review. Ped. Exerc. Sei. 8: 215-233. 



1 1 8  E f f e c t s  o f  a  h e a l t h - r e l a t e d  p h y s i c a l  e d u c a t i o n  c l a s s e s  

26. Vandongen R., Jenner D. A., Thompson C. (1995) A controlled 
evaluation of a fitness and nutrition intervention program on cardio
vascular health in 10- to 12-year-old children. Prev. Med. 24: 9-22. 

Correspondence to: 
Lennart Raudsepp 
Institute of Sport Pedagogy 
University of Tartu 
5 Jakobi Street Tartu 51014 
Estonia 



Acta Kinesiologiae Universitatis Tartuensis, vol. 5, 2000 

DEPENDENCE OF MUSCLE WORKING 
CAPACITY ON ARTERIAL 

BLOOD FLOW INTENSITY AT ONSET 
OF CALF EXERCISE 

J. Poderys 
Department of Physical Education and Sports Medicine, 

Kaunas Medical University, Kaunas, Lithuania 

ABSTRACT 

The influence of short-term preliminary occlusion manoeuvre to the calf 
blood flow (CBF) and working capacity of the plantar flexor (PF) muscles 
was investigated in 14 male distance runners. CBF was measured by ve
nous occlusion plethysmography. Working capacity (total work output) of 
the plantarflexor muscles was recorded before and after this manoeuvre. 
The results indicated that CBF in the reactive hyperaemia phase depended 
on the character and duration of the occlusion and on the degree of filling 
with blood of the primary segment under occlusion. The highest CBF was 
observed after occlusions, conducted when the amount of blood in the 
limb decreased before the occlusion and the lower CBF was recorded 
after occlusion done with the increased filling of blood vessels. Having a 
goal to maximally activate limb muscle arterial blood flow using occlu
sion of minimal duration the most optimal would be to conduct a 1 min 
occlusion to the sitting person after first decreasing blood vessel filling. A 
short-term occlusion improves muscle arterial blood flow and as a result 
muscle working capacity is improved. 

Key words: arterial blood flow, occlusion plethysmography, muscle 
working capacity 
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INTRODUCTION 

Muscle working capacity during long lasting physical activity is 
determined by blood supply [2, 3, 5, 8, 14, 17]. Changes in muscle 
blood flow directly influence intensity of oxidative metabolic proc
esses in the muscle, and at the same time, they indicate their 
working capacity [2, 5, 9]. Thus, it is important to take into account 
the factors influencing blood circulation in solving a problem of 
how to increase muscle working capacity. For this purpose, a num
ber of methods aimed at the increase of muscle working capacity 
were suggested. In this area it is suggested to use special regimes 
of muscle electrostimulation for the improving of muscle blood 
flow, various types of pressure chambers creating in them a nega
tive pressure which facilitates an increased blood flow into the 
limbs [13]. In addition, there were suggested a various combina
tions of some methods for the improvement of muscle working 
capacity, and it was shown how these combinations improve mus
cle working capacity more substantially than any other stimulation 
method taken separately. For example, one of the variants of such 
combination of stimulation methods is a combination of so called 
"needle application" and negative pressure [6, 9]. 

A stable blood flow intensity in the working muscle settles only 
after 40-60 s or even later depending on the kind of work [8, 9]. 
Accordingly, if the arterial blood flow were intensified before the 
workout it would be possible to decrease the so called "blood debt" 
which appears at the beginning of the intensive work, and in this 
way to increase muscle working capacity. 

The aim of this stydy was to measure the application of the pre
liminary occlusion to calf blood flow (CBF) and working capacity 
of the plantarflexor muscles. The following objectives were pur
sued. First, the peculiarities of reactive hyperemia depending on 
the time of the occlusion are investigated as well as it's character 
and preliminary filling with blood of the occluded limb blood ves
sels. Second, the influence of the preliminary occlusion on the 
working capacity of the plantarflexor muscles at onset of exercise. 
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MATERIAL AND METHODS 

Fourteen male middle distance runners after written consent par
ticipated in the study. CBF (ml/min/100 cm3) was measured by 
venous occlusion plethysmography in sitting position, while elec-
troplethysmograph EMPR-01 and Witney type sensors were used 
[9]. Three research series were conducted. 

1. The influence of a short-term occlusion on the CBF. This re
search series consisted of three parts. In the 1st part, the changes in 
CBF was measured after 1, 2 and 3 min of occlusion under the rest
ing condition, i.e. when the occlusion cuff was quickly inflated with 
air up to 250-260 mmHg of pressure in it. In this way, we have con
sidered that the amount of blood in the calf s blood vessels during 
the occlusion was close to physiologically normal condition. In the 
2nd part, the changes in CBF was measured after lifting the leg above 
the heart level and sustaining it in that position for 30 s. The amount 
of blood in the calf decreased by this manoeuvre and after a quick 
occlusion the leg was let down. The readings of the CBF after the 
end of the occlusion was registered in the sitting position. In the 3rd 
part, the changes in CBF were measured during a slowly blowing 
the air into the occlusion cuff (5 mmHg/s or slower), filling of the 
calf blood vessels with blood increases before the blood flow is ar
rested. There is larger amount of blood in the calf blood vessels than 
under conditions of physiological norm. 

2. The influence of the short-term preliminary occlusion on the 
working capacity of the plantarflexor muscles. The maximal vo
luntary contraction (MVC) force of the plantarflexor muscles and 
total work output (ergogramma) during plantarflexion exercise 
were registered with specially designed ergodynamograph [9]. A 
total work output registered during plantarflexion movements by 
lifting a weight of 70% MVC force with intensity of 30 movements 
per min till exhaustion. Working capacity of the plantarflexor mus
cles was measured before and after application of short term pre
liminary occlusion. 

16 
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3. Influence of a short-term preliminary occlusion on the CBF 
at onset of plantarflexion exercise. The CBF was measured dur
ing 2 exercises of 90 s duration performed with constant total work 
output (intensity) for the plantarflexor muscles: control exercise 
and exercise after exposure of short term preliminary occlusion. A 
short intervals of rest of 4 s duration was used periodically for 
measure the CBF. 

Statistical Analysis 

Data are means and standard errors of mean (+SEM). One-way 
analysis of variance (ANOVA) following by Tukey post hoc com
parisons was used. A level of p<0.05 was selected to indicate sta
tistical significance. 

RESULTS 

1. The influence of a short-term occlusion on the CBF. The re
sults of this part of study indicated that the increase of CBF the 
reactive hyperaemia phase depends on the character and duration 
of the occlusion and on the degree of filling with blood the calf s 
vessels before the arrest of blood flow (Tables 1 and 2). The high
est CBF was observed after the occlusion conducted when the 
amount of blood in the limb was decreased before the occlusion 
and the lower CBF was registered after the occlusion done when 
there was increased filling with blood of blood vessels. The dura
tion of the occlusion had direct influence on the arterial blood flow 
curves which were registered immediately after the end of occlu
sion. In all the cases the highest amount of CBF observed after the 
3 min occlusions. 
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Table 1. CBF (ml/min/l 00 cm3) in the reactive hyperaemia phase de
pending on the duration of occlusion and on the degree of filling with 
blood of the segment (mean ± SE). 

Parts Duration of occlusion 

of experiment 1 min. 2 min. 3 min. 

13.94 ±0.40 17.04±1.21 19.74±0.59 

20.79±1.51 23.18±0.69 25.84±0.48 

11.71±0.57 17.05±0.29 18.04±0.38 

I Physiological norm 

II Preliminary decreased 
amount of blood 

III Increased amount of 
blood before occlusion 

Table 2. The dynamics of CBF (ml/min/100 cm3) in the reactive hyper
aemia phase after 1 minute occlusions (mean±SE). 

Time of measurement 
Parts ——— 

r Before After After After After ofexpenment , . , _ 
occlusion 1—5s 15s 30s 45 s 

I Physiological 1-63±0.i6 13.94±0.40 3.43±0.13 1.88±0.14 1.62±0.11 
norm 

II Preliminary 
decreased 1.66±0.10 20.79±1.51 5.71±0.37 2.61±0.17 1.90±0.12 

amount of blood 

III Increased 
amount of blood 1.64±0.10 11.71±0.57 2.78±0.16 1.65±0.10 1.63±0.11 
before occlusion 

One aim of our experiments was to find the shortest possible dura
tion of the occlusion and conditions under which the highest possi
ble CBF could be obtained. When the subject was sitting, after 
conducting the occlusion and there was a preliminary decreased 
amount of peak arterial blood in the limb, relatively high level of 
CBF was observed even after occlusion of 1 min duration. It justi
fied itself in all the subjects without exception. The CBF was 
higher (p<0.05) obtained after 1 min occlusion in normal condi
tions than the amount of blood was increased before the occlusion. 
The CBF was decreased in the exponent-like manner and fully re
turned to the preliminary level after 1 min occlusion application 45 
or 60 s after the end of the occlusion. The dynamics of the CBF 
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after arrest of 1 min duration, presented in the Table 2. After the 
occlusion, conducted when the blood vessel filling with blood was 
decreased, in the measurement made after 45 s the amount of 
flowing blood was higher than preliminary amount and in the 
measurement made after 60 s the amount of blood had returned to 
the preliminary level. 

2. The influence of a short-term preliminary occlusion on the 
working capacity of the plantarflexor muscles. The results of 
this series of study are presented in Table 3. Total work output of 
the plantarflexor muscles registered during the control exercise and 
before the exposure to the experimental influence showed good 
stability of the method applied. The mean total work output pro
duced during these two exercises was 1877.1±27.2 J and 
1880.6±24.7 J, respectively. The muscle working capacity after the 
exposure of 1 min preliminary occlusion was improved. Subjects 
were able to produce more total work after a preliminary short-
term occlusion, when a total work was in average 2100.6±31.2 J. It 
was 11.7% higher (p<0.05) than during the control exercise. 

Table 3. Total work output of the plantarflexor muscles under the influ
ence of 1 minute duration of CBF (mean ± SE). 

Parts 
First 

exercise test 
(J) 

Second 
exercise test 

(J) 

Increase 
of experiment 

First 
exercise test 

(J) 

Second 
exercise test 

(J) (%) 

Control exercise 1877.1±22.7 1814.6±31.2 -3.3±0.28 
Exercise after preliminary 
occlusion 

1880.6±24.8 2100.6±31.2 11.7±0.31 

Difference p>0.05 p<0.05 p<0.05 

3. Influence of a short-term preliminary occlusion on the CBF 
at onset of plantarflexion exercise. The results of this series of 
study are presented in Table 4. During the control exercise till to 
60s the CBF rised up to the steady state. The preliminary occlusion 
made a significant influence to the CBF at the beginning of exer
cise. The CBF even during the first seconds was significantly 
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(pcO.OOl) higher (in average 40.54±4.87 ml/min/100 cm3) in com
parison to the control exercise (13.89±2.84 ml/min/100 cm3) and 
reached the steady state up to 30 s. There was no significant differ
ences (p<0.05) in the CBF readings during both of exercise. 

Table 4. The dynamics of CBF (ml/min/100 cm3) during the two exer
cises (mean±SE). 

Parts Time of measurement 

of experiment 5s 10s 15s 20s 30s 45s 60s 75s 90s 

Control exercise 13.89 21.97 27.41 35.32 47.32 59.43 62.78 62.96 63.80 
±2.84 ±4.48 ±3.86 ±5.84 ±7.32 ±5.17 ±7.68 ±8.69 ±8.21 

Exercise after pre- 40.54 46.94 57.28 60.85 62.79 63.78 62.83 62.27 62.18 
liminary occlusion ±4.87 ±6.35 ±6.10 ±7.95 ±1.15 ±7.96 ±6.71 ±7.53 ±6.96 

DISCUSSION 

The phenomenon of reactive hyperaemia — dilatation of the blood 
vessels after stopping of the blood circulation in the limb is well 
known regulatory mechanism of peripheral blood flow. This phe
nomenon has been used as a physiological test evaluating potenti
alities of the blood circulatory system and clinical test for diag
nosing limb blood circulation disorders [7, 9]. Temporary stop of 
blood circulation has a single reaction response and is precisely 
dosed according to the length of the influence. After the long-term 
occlusions, the reactive hyperaemia takes place changing from 
aerobic metabolism to anaerobic. Metabolites of the anaerobic ori
gin are accumulated in the muscles, which is one of the main fac
tors determining the decrease in blood vessel tone after long lasting 
of blood arrests [7, 12]. A short-term arrest of blood flow does not 
have any major influence on the metabolic processes in the muscle. 
It was found [7] that considerable increase of anorganic phosphor 
and lactate is noticeable only after of arrests of blood flow longer 
than 7 min. The decrease of the blood vessels tone under the influ
ence of short-term arrests of blood flow is determined by myogenic 
regulation mechanism [9, 12]. Under such conditions a given intra-



126 Muscle working capacity and arterial blood flow intensity 

vascular pressure gives less deformation of the wall than when the 
smooth muscles are less active and, therefore, the discharges from 
the mechanoreceptors are reduced [12]. Experimental influence, 
applied in our experiment, probably did not have any considerable 
influence on metabolic processes in the muscles and regulatory 
mechanisms of blood circulation. 

Regulatory mechanisms of the systemic blood circulation is 
oriented to sustain a gradient of pressure, necessary to insure 
needed blood circulation intensity in working muscles. It happens 
in the combination of heart work indexes and changes of total pe
ripheral resistance [1, 8, 12, 16]. The regulations of local blood 
circulation is done mostly by changing hydrodynamic resistance of 
blood vessels, i.e. by changing their diameter [11, 16]. As hydro-
dynamic resistance is oppositely proportional to the blood vessel 
diameter in fourth degree, because the changes in their diameter is 
more importât to the intensity of blood circulation in the organs, 
than changes in the arterial pressure [12]. 

The results of the present study indicated, that activity increase 
of the CBF in the reactive hyperaemia phase depends on the char
acter and duration of the occlusion and on the degree of filling with 
blood of the primary segment under occlusion. Highest CBF was 
registered after the occlusion, conducted when the amount of blood 
in the limb was decreased before the occlusion and the lowest 
blood circulation readings were registered after occlusion done 
when there was increased filling with blood of blood vessels. This 
shows the importance of miogenic regulatory mechanisms. The 
duration of the occlusion had not direct influence on the CBF 
amounts registered after the end of the occlusion. Fast decrease in 
arterial blood flow intensity indicates that physical load should be 
applied as soon as possible after occlusion. 

The goal of our studies was to find the shortest possible dura
tion of the occlusion and conditions, under which the highest pos
sible arterial blood circulation activity could be obtained. This is 
important since after longer blood flow arrests, the reactive hyper
aemia takes place going from aerobic metabolism to anaerobic, and 
anaerobic metabolites start to accumulate in the muscles [7]. We 
have found in that, when the subject was sitting, after conducting 
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the occlusion when there was a decreased amount of blood in the 
limb, relatively high peak arterial blood flow was registered even 
after 1 min of occlusion. It was true for all the subjects without 
exception. This means, that having a goal to maximally activate 
limb muscle blood flow using occlusion of minimal duration the 
most optimal would be to conduct a 1 min occlusion to the sitting 
person, after first decreasing blood vessel filling. 

In the intensifying of local arterial blood flow two stages can be 
distinguished. The 1st stage — the blood circulation intensifies, 
this intensifying levels off afterwards, but soon the next stage of 
the blood circulation intensifying starts — 2nd stage. These stages 
reflect blood vessel — small arteries, arterioles, precapillary 
sphincters, capillaries and big arteries — behaviour during the in
tensifying work phase. This was proven in the experimental re
search [4]. The first blood circulation increase stage reflects vaso
dilatation of capillaries, precapillary sphincters, arterioles and 
small arteries, and the second stage shows a vasodilatation of big, 
so called highway arteries. As shown in the study mentioned above 
[4] and in the work on physiological mechanisms of reactive hy
peremia [7] the second stage of blood vessel vasodilatation devel
ops only after longer lasting occlusions i.e. when the artery walls 
react to increased speed of blood flow. In our research the figures 
of maximal blood flow in the reactive hyperemia phase were not 
maximal possible so they do not reflect maximal possibilities of the 
blood circulation system. In this case the intensifying of blood cir
culation after short-term arrests of blood flow was related to the 
changes in functional state of the vessels beds. The results of this 
study have shown that a exposure of short term preliminary occlu
sion decreased so called "blood debt" which appears at the begin
ning of the intensive work, and in the same way increased muscle 
working capacity. 

Functional vasodilatation cannot be attributed to changes in the 
local concentration of any single metabolic factor [6]. Mechanical 
factors, such as vascular compression and increases in perfusion 
pressure also affect vascular resistance and skeletal muscle blood 
flow. However, the specific manner in which these mechanical 
factors interact is not well understood [6, 8]. The recent determina
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tion that arterial vessels, upstream from the active tissue and mi
crocirculation, also dilate during reactive hyperaemia and during 
voluntary muscle contractions has led to the consideration that the 
vessels are primarily responsible for the regulation of bulk flow to 
the tissue. Consideration of the interrelations of the factors affect
ing vasomotor tone may lead to a better understanding of the 
regulation of muscle blood flow. 

The arterial blood flow in the reactive hyperaemia phase de
pends on the character and duration of the occlusion and on the 
degree of filling with blood of the primary segment under occlu
sion. Having a goal to maximally activate limb muscle blood cir
culation using occlusion of minimal duration the most optimal 
would be to conduct a 1 min occlusion to the sitting person after 
first decreasing blood vessel filling. 

In conclusion, a short-term preliminary occlusion improves 
muscle blood flow and as a result muscle working capacity is im
proved. 
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SUMMARY 

The anthropometry and physiology of rowing performance is briefly re
viewed. Rowing is a strength-endurance type of sport, and body size and 
body mass are undoubtedly performance related factors. Most of the suc
cessful rowers are very tall, with a low body fat percent and high muscle 
mass, with approximately 75 percent of slow-twich muscle fibers in 
working muscles. The lungs of oarsmen reflect their large body dimensions 
and ventilation is also very high in trained rowers. Effort in a 2000 metre 
rowing race is about 70% aerobic. In world class oarsmen, maximal oxygen 
consumption reaches 6.0-6.6 lxmin"1. Aerobic power and muscle endu
rance often change by 10% over the season. The high maximal oxygen con
sumption values are reached by training volumes of approximately 5000-
6000 km per year. As the 2000 metre rowing race is about 30% anaerobic, 
anaerobic energy sources play also an important role in competition 
success. Average peak lactate values of 15 mmolxf1 have been measured 
after national and 17 mmolxl-1 after international regattas. These values 
reflect that oarsmen have extremely large anaerobic capacities. The 
development of performance prediction models based on laboratory data in 
rowers has practical importance for talent identification and for the 
development and assessment of rowing performance. Rowing performance 
could be assessed using specific anthropometric and metabolic variables. 

Key words: rowing performance, anthropomertical parameters, physiolo
gical parameters 
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1. INTRODUCTION 

The typical rowing competition takes place on a 2000 metre course 
and lasts 6-7 min. During the competition, anaerobic alactic and 
lactic as well as aerobic capacities are stressed to their maximum 
[55]. In rowing, which is a strength-endurance type of sport, body 
size and body mass are undoubtedly performance related factors [6, 
53]. This is obvious when analyzing the energetic profile of a 2000 
metre race. A rower has to develop more than 200 times a stroke 
with a peak force of 800 to more than 1000 Newton [6, 53, 55]. 
Maximal strength and strength-endurance are therefore basic com
ponents of their year round training program [6, 56]. Both compo
nents are related to body size and body mass [6]. Maximum oxy
gen consumption of rowers is among the largest values recorded. 
Rowing involves approximately 70% of the muscle mass because 
all extremities and the trunk participate in the propulsion of the 
boat. Rowing is a cyclic movement, where both legs and arms 
work synchronized, using one (sweep rowing) or two (sculling) 
oars [55]. There are some differences in the biological demands of 
sweep and sculling boats and the need for massive body build is 
increased if the craft carries a cox [51, 53]. 

During training 15-40 strokes per minute are used and 32-38 
strokes per minute during a race in the single scull corresponding 
to a stroke duration of 0.6-2.2 seconds. Between 210 and 230 
strokes are performed during the 2000 metre race. Mainstays of the 
rowing technique are the turning points at the start and at the end 
of the stroke and its force time characteristics. The balance is also 
important and may be a challenge especially in the smaller racing 
shells. The coordination with team members is another prerequisite 
for rowing success [55]. 

In this article the anthropometric and physiological factors of 
rowing performance are briefly reviewed. 
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2. ANTHROPOMETRIC PROFILE 

Rowing is a weight-supported sport [53]. Except in competitions 
with a specific weight limitation (i.e., the lightweight categories, 
where a maximum body mass is 72.5 kg for males and 59.0 kg for 
females), it is advantageous to recruit rowers with massive body 
build, thereby ensuring that a high proportion of the total mass 
transported is active muscle rather than the "dead-weight" of the 
cox and the vessel itself [51]. 

Anthropometric profiles of rowers have extensively been stud
ied (Table 1). It is an advantage for the rower to be tall [52, 53]. 
Anthropometric data for adult rowers emphasize the importance of 
body mass and body size for rowing performance [7]. Usually, elite 
rowers are more than 190 cm tall and weigh 90-95 kg. Long arms 
are particulary helpful in giving extra leverage [53]. Ideally, the 
body mass of rowers should contain a high proportion of muscle 
[6, 53]. For example, muscle mass of Estonian national level 
heavyweight rowers was found to be 49.5±6.1 kg, which corre
sponded to 62.3±3.1% of their body mass [28]. Bourgois et al. [6] 
found that the muscle mass of 168 male junior rowing world 
championship competitors was 50.2 kg and 62.4% of the whole 
body mass. A large muscle mass does not penalize rowers, whose 
body mass is supported in the boat [9]. Significant correlations 
between muscle mass and 2000 metre rowing ergometer time trial 
(r>-0.85) have been found [9, 27]. Furthermore, Jürimäe et al. [27] 
reported significant relationships between muscle mass and 2000 
metre rowing performance on single sculls (r=-0.64). The percent
age of body fat seems to have been decreasing in recent years [53]. 
Carter [8] found means of 7.8% in men participating in the 1976 
Montreal Olympics and McKensie et al. [38] reported a mean of 
9.6% for the Canadian 1980 Olympic team. Hagerman et al. [16] 
found no changes for body composition parameters between in-
season and off-season among 1984 USA Los Angeles Olympic 
team. However, lightweight rowers tend to reduce their body fat% 
for competitive season. Morris et al. [42] reported that male light
weight rowers reduced their body fat % from 10.0% to 7.8% while 
no changes were observed in fat free mass. 
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Table 1. The anthropometric parameters of male rowers. 

Height Weight BMI Body fat 
(cm) (kg) (kgxm'2) % 

Study 

Heavyweight 
1997 junior W С 
sculling rowers 
(n=168) 

1997 junior WC 
sweep rowers (n=214) 

WC and OG gold 
medal winners (n=2) 

International level 
German rowers 
(n=28) 

International level 
German rowers (n=9) 

International level 
French rowers (n=12) 

National level Esto
nian rowers (n=10) 

National level Danish 
rowers (n= 139) 

Dutch national team 
1988 (n=18) 

Lightweight 
1985 WC rowers 
(n=144) 

USA Olympic team 
(n=12) 

National level Aus
tralian rowers (n=18) 

186.5±6.3 80.4+6.9 23.1±1.6 

188.2±5.3 83.6+7.5 23.6±1.8 

197 

194 

99 

89 

187.2±4.9 

182.0±5.0 

81.1±6.3 

77.0±7.0 

National level Danish 183.0±4.5 
rowers (n=68) 

191.7±4.1 85.4±4.2 

183.5±2.7 74.8±4.1 

190.0 79.3 

180.7 70.3 

183.0±3.0 72.2+1.4 

180.5±2.7 69.8±1,6 

74.5±3.0 

25.5 

23.6 

23.2±5.6 

23.2±6.0 

23.2±1.3 

22.3±4.3 

22.0 

20.1 

21.5±2.1 

21.8±2.1 

22.5±3.8 

11.5+2.2 Bourgois et al. 
[6] 

11.8+2.6 Bourgois et al. 
[6] 

- Larsson and 
Forsberg [31] 

Hagerman and 
Hagerman [18] 

Beneke [3] 

- Messonnier et 
al. [40] 

7.6±1.9 Jürimäe et al. 
[27] 

11.8±2.6 Jensen [26] 

- Rienks et al. 
[44] 

Rodriguez [45] 

Hagerman and 
Staron [16] 

7.8±0.8 Morris and 
Payne [42] 

11.1+1.9 Jensen [26] 

BMI — body mass index; WC — world championships; OG — Olympic 
games. 
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In the men, the world champions were 10.0% taller and 27.2% 
heavier than the general Canadian population [51]. Hirata [21] also 
pointed out that gold medal winners were consistently taller and 
heavier than the average for national champions. In the case of sin
gle sculls, the respective differences were a substantial 0.12 metre 
and 9.6 kg. Hahn [19] suggested that more successful rowers are 
tall, heavy and possess a low skinfold reading. Malina [37] noted 
that promising rowers were already taller than the general popula
tion during childhood and they maintained their relative advantage 
throughout adolescence. Carter [8] suggested that the body dimen
sions of national level contestants were increasing by about 0.02 
metre and 5.0 kg per decade. 

Comparing different boat classes, Hirata [21] found that sweep 
rowers were consistently taller and heavier than sculling rowers, 
the difference amounting to some 0.02 metre and 3.8 kg for men. 
In competitions where a cow was carried, there were further small 
increases in the height and body mass of the successful rowers, 
0.03 metre and 5.0 kg in the case of male pairs [21]. Bourgois et al. 
[6] investigated the participants of the 1997 World Junior Cham
pionships and found that the limbs of sweep rowers were taller 
than scullers. Sweep rowers had also bigger girths than scullers, 
but no differences were found in skinfold thicknesses [6]. Further
more, no differences were found in bone diametres between sweep 
and sculling rowers [6]. 

The anthropometric characteristics of lightweight rowers differ 
radically from those of their heavier peers [33, 53]. In male com
petitors, de Rose et al. [10] found no significant differences in an
thropometric characteristics between lightweight rowers and un
trained student controls. The advantage of heavyweight rowers in 
smaller distances (up to 500 metres) has been calculated to be 
about 4% which is reduced to 2.5% over the 2000 metre distance 
and remains about the same as the distance gets longer [55]. 

In summary, rowers are tall and have relatively high muscle 
mass. Sweep rowers are usually taller and heavier and have longer 
limbs than the scullers. In recent years, the height and body mass 
of rowers has increased, while the percentage of body fat has 
decreased. 
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3. PHYSIOLOGICAL PROFILE 

Rowers are strong, reflecting their large body dimensions, but their 
maximal muscle strength is not correlated in any simple way to 
their rowing strength [52]. Their body mass is supported while 
seated in the boat [55]. Rowing is a sport in which about 70% of 
the whole body muscle mass is involved [53, 55]. They are unique 
in their ability to develop a strength with the use of both legs which 
corresponds to the sum of strength of the right and left legs [52]. In 
untrained subjects and athletes trained in other disciplines, two-
legged strength of the left and right legs determined separately 
corresponds approximately 80% of the sum of the left and right 
legs determined separately, but increases with specific training 
[52]. 

Corresponding to the relative low duty cycle (approximately 36 
strokes per minute), the strength of rowers is more pronounced at 
low contraction velocities [52, 55]. For the muscles engaged in 
rowing, the percentage of slow-twich oxidative muscle fibers is 
approximately 70% [52, 55]. Differences are also found between 
the structure of muscles in highly and less qualified rowers, 
although they trained similary with respect to time and volume 
[55]. In internationally successful competitive rowers, slow-twich 
oxidative muscle fiber content has been reported as high as 85%, 
with few fast-twitch glycolytic fibers in the vastus lateralis muscle 
[46, 55]. Muscle hypertrophy is evident in rowers [52, 53, 55]. 
Hypertrophy is found not only in fast-twich glycolytic and oxida
tive glycolytic muscle fibers, but also in slow-twich oxidative 
muscle fibers [22]. The hypertrophy is more evident in internatio
nally successful rowers [46]. Muscle hypertrophy as a result of 
training is primarily caused by volume expansion of single fibers 
[46, 55]. The muscle structure also depends on the biomechanical 
requirements of different boat seats [46]. 

The lungs of rowers reflect their large body dimensions. Ro
wers have large vital capacities with a highest recorded value of 
9.1 1, and the better rowers tend to have relatively large values of 
their vital capacity [52]. As with other types of exercise, ventilation 
increases during ergometer [41] and on water [49] rowing in 
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proportion to the increase in oxygen consumption to a certain 
point, after which a more marked increase takes place [52]. The 
highest recorded value has been reported to be 243 1 x min-1 [52]. 
Hagerman et al. [15] found the highest ventilation value of 221 1 in 
310 competitive oarsmen, while maximal ventilation averaged 
200 1 x min-1 in world class championships winners (n = 14) [49]. 
For a given oxygen uptake, ventilation is low in trained rowers 
[49]. 

The position of the body and the use of respiratory muscles in 
rowing may limit ventilation and thereby reduce maximal aerobic 
power relative to that achieved in cycling or treadmill running [54]. 
The results of the investigations showed that ventilation at a given 
maximal oxygen consumption during intense submaximal exercise 
(higher than 75% of maximal oxygen consumption) was not 
significantly lower compared with that in cycling and treadmill 
running, which would suggest that submaximal rowing does not 
restrict ventilation [54]. At maximal effort, maximal oxygen con
sumption and ventilation for rowing were less than those for the 
other types of exercise, although the differences were not statisti
cally significant in elite oarsmen [54]. These data are consistent 
with a ventilatory limitation to maximal performance in rowing 
that may have been partly overcome by training in elite rowers. 
Alternatively, a lower maximal ventilation in rowing might have 
been an effect rather than a cause of a lower rate of muscle 
activation in rowing [54]. Szal et al. [57] found that breathing rates 
are higher for a given intensity of submaximal effort during rowing 
than during cycling. 

Hyperventilation during rowing is more marked than during 
cycling and is associated with a higher breathing frequency [57]. A 
high breathing frequency during rowing in trained rowers reflects 
that respiration is coupled to the rowing stroke [35]. Furthermore, 
inspiration is relatively short during the drive phase of the stroke 
[51]. As elite rowers make two inspirations during one drive cycle 
[34], then less qualified rowers were able to make only 1.48 inspi
rations during one drive cycle [55]. Therefore, some changes in 
breathing frequency take place as the qualification gets better in 
rowers. 
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In summary, elite rowers have more slow-twich oxitative 
muscle fibers in their working muscles than less qualified rowers. 
As rowing is very intensive, rowers present high vital capacity and 
ventilation values in comparison with other sportlers. 

3.1. Aerobic power 

During competition, a rower depends mainly on his/her aerobic 
metabolism because energy stores and glycolysis are limited to 
cover the energy demand only for approximately 1.5-2.0 minutes 
[55]. Aerobic power can be defined as the maximal oxygen con
sumption as estimated during a performance that lasts two to 
10 minutes [26]. Aerobic and anaerobic energy contributions on a 
2000 metre rowing race in different studies are presented in Table 
2. According to Roth et al. [46], the energy of the 2000 metre race 
was provided 67% aerobically and 33% anaerobically, 21% alactic 
and 12% lactic. While Secher et al. [48] found that the aerobic 
energy contribution may be up to 86%. 

Table 2. Mean contribution of aerobic and anaerobic energy during 
rowing in different studies using elite heavyweight male rowers. 

Aerobic Anaerobic 
Study n contribution contribution Study 

% % 

Russell et al. [47] 19 84 16 
Droghetti et al. [12] 19 80 20 
Hagerman et al. [16] 310 70 30 
Hartmann [20] 17 82 18 
Mickelson and Hagerman [41 ] 25 72 28 
Roth et al. [46] 10 67 33 
Secher et al. [48] 7 70-86 14-30 
Messonnier et al. [40] 13 86 14 

18 
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Maximal oxygen consumption of rowers has extensively been 
studied (Table 3). Values for maximal oxygen consumption have 
increased over the years from approximately 3.4 1 x min- [52]. In 
world class rowers, maximal oxygen consumption reaches 6.0-6.6 
1 x min-1 [55]. While maximal oxygen consumption is often large 
in rowers, this finding reflects mainly their large body dimensions 
[52]. The relative oxygen consumption is relatively low in rowers 
compared to other endurance athletes because their high body mass 
[6, 17, 49, 53, 55] and those with the highest value expressed in 
litres per minute will tend to show the lowest relative value [24]. 
Only in some, mainly in lightweight rowers, relative oxygen 
consumption reaches 75 ml x min-1 x kg-1 [50, 55]. 

Maximal oxygen consumption is an important predictor of com
petition success, although its predictive influence varies in diffe
rent analyses [50, 55]. For example, the correlations of r=-0.64 to 
r=-0.87 between maximal oxygen consumption and on-water 
rowing performance have been found [9, 27, 50]. Maximal oxygen 
consumption depends on the content of slow-twich oxidative 
muscle fibers as well as the level of aerobic and anaerobic thres
hold [53, 55]. 

Maximal oxygen consumption increases with training distance 
per year, but levels off at training volumes of approximately 5000-
6000 km per year [55]. Seasonal changes have been described in 
maximal oxygen consumption. Maximal oxygen consumption may 
increase 5-15 ml x min 1 x kg"' during the competitive season 
[55]. Hagerman et al. [16] reported maximal oxygen consumption 
to increase from 5.09 to 6.01 1 x min-1 from off-season to in-season 
among 1984 USA Los Angeles Olympic rowing team, while maxi
mal heart rate showed no statistically significant changes. Pro
nounced changes in maximal oxygen consumption of highly 
trained rowers take place if during off-season the distance rowed is 
reduced below approximately 100 km per week [55]. Intensive 
endurance training increases not only mitochondrial volume in 
slow-twich muscle fibers but also in fast-twich muscle fibers [22]. 
There is a strong relation between maximal oxygen consumption 
and whole body mitochondrial volume [22]. 
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Tabel 3. Maximal oxygen consumption in male rowers. 

Subjects 

Heavyweight 
Winners of international 
regattas (n=14) 

Participates of interna
tional regattas (n=13) 

International level USA 
rowers (n=14) 

International level Ital
ian and Danish rowers 
(n=18) 

International level Ger
man rowers (n=310) 

International level Eng
lish rowers (n=13) 

International level Pol
ish rowers (n=l 68) 

International level 
French rowers (n=13) 

National level German 
rowers (n=13) 

National level English 
rowers (n=25) 

National level Finnish 
rowers (n=25) 

National level Estonian 
rowers (n=10) 

Glasgow University 
male rowers (n=13) 

Virginia University 
male rowers (n=10) 

1 x min 1 ml x min 1 x kg 1 

5.8 63.0 

5.5 67.0 

6.0 69.1 

5.7±0.4 

5.9 67.6 

5.7±0.1 

5.15±0.4 60.5±3.2 

4.9±0.3 64.8±5.5 

4.6±0.6 59.8±8.1 

4.7±0.4 

5.1±0.4 

4.9±0.6 61.6±5.6 

4.5±0.4 

4.6±1.5 

Study 

Secher et al. [50] 

Secher et al. [50] 

Hagerman and 
Staron [16] 

Jensen and 
Nielsen [25] 

Hagerman et al. [15] 

Doherty et al. [11] 

Klusiewicz et al. [29] 

Messonnier et al. [40] 

Urhausen et al. [58] 

Lakomy and 
Lakomy [30] 

Peltonen and Rusko [43] 

Jürimäe et al. [27] 

Cosgrave et al. [9] 

Womack et al. [61] 
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Tabel 3. Maximal oxygen consumption in male rowers (continued). 

Subjects lxmin 1 mlxmin'kg 1 Study 
Lightweight 
International level Ger
man rowers (n=10) 

5.1 72.0 Secher et al. [50] 

International level Danish 
rowers (n=68) 

5.2±0.1 - Jensen [26] 

International level Irish 
rowers (n=10) 

5.6±0.3 - Mahony et al. [36] 

Juniors 
English juniors (n=9) 4.5±0.1 — Doherty et al. [11] 

Polish juniors (n=8) 4.9±0.4 58.7±5.1 Faff et al. [13] 

Australian juniors (n =19) 4.5±1.4 - Russell et al. [47] 

Belgian juniors (n=10) 4.1±0.4 - Bourgois et al. [6] 

Muscle structure plays also an important role in submaximal 
performance [55]. With a higher percentage of slow-twich muscle 
fibers, rowers are able to perform with more power per stroke at a 
blood lactate concentration of 4.0 mmol x Г1 [55]. However, speci
fic endurance training increases the work rate per stroke at a given 
lactate level, without changing the slow-twich muscle fiber content 
mainly due to higher oxidative capacities of fast-twich muscle 
fibers [23]. As rowing training increases the oxidative capacity of 
both slow-twich and also fast-twich muscle fibers, the maximal 
oxygen consumption of highly trained rowers with different slow-
twich muscle fiber content may not be different [23, 55], 

The submaximal endurance capacity measured as the power 
which elicits a blood lactate level of 4.0 mmol x Г1 (i.e., anaerobic 
threshold) has been reported to be the most predictive parameter 
for competition performance in trained rowers, especially in small 
boats such as singles and doubles [3, 52, 53, 55, 60]. In highly 
trained rowers, anaerobic threshold corresponds to approximately 
80-85% of maximum performance [55]. The maximal oxygen con
sumption at 4.0 mmol x l-1 anaerobic threshold has also been 
reported to be approximately 85% of maximal oxygen consump-
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tion [55]. When taking the individual anaerobic threshold into 
account, Bourgois et al. [5] found significantly lower individual 
anaerobic threshold values compared to anaerobic threshold values 
during the progressive incremental test on a rowing ergometer. The 
study concluded that the two anaerobic threshold concepts did give 
different information with respect to the capacity for submaximal 
exercise and further research is necessary to determine a real 
maximal aerobic steady-state concept [5]. Maximum lactate 
decreases with higher anaerobic threshold due to higher oxidative 
metabolic capacity [55]. 

In summary, the maximal oxygen consumption of rowers is 
high among other endurance athletes and significant changes in 
maximal oxygen consumption take place during competitive 
season. Relative oxygen consumption is lower due to high body 
mass. The relative oxygen consumption is higher in lightweight 
rowers. 

3.2. Anaerobic power 

Roth et al. [46] calculated from metabolic and bioptic measure
ments in tank rowing that the energy for the simulated rowing race 
of seven minutes was provided 67% aerobically and 33% anaero-
bically, 21% alactic and 12% lactic (Table 2). However, anaerobic 
capacity explains only 10-20% of the performance in competition 
in trained rowers [55, 60]. One reason could be that all trained 
rowers have a highly developed strength due to the hypertrophy of 
slow-twich and fast-twich muscle fibers as well as increased mus
cle mass [55]. The reported energy contribution from the anaerobic 
energy system suggests that it would significantly influence 2000 
metre rowing performance [47]. Anaerobic power and capacity are 
physiological factors dominating the performance during the start 
and the finish of a rowing race [48, 55]. Lower glycolytic capaci
ties may be of negative effect at the start spurt and the final spurt in 
the rowing race [56]. 

The lactate concentration in blood shows the power of the an
aerobic energy process. Average team values of 15 mmol x Г1 
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have been measured after national regattas and 17 mmol x Г1 after 
international regattas [59]. For example, lactate concentration after 
2000 metre single scull race was found to be 16.02±2.42 mmol x Г1 

in Estonian national level rowers (n=10) [27]. These values reflect 
that rowers have extremely large anaerobic capacities [27, 52]. 
Bangsbo et al. [2] suggested that the anaerobic energy production 
during intense exercise is related to the muscle mass involved. 

Anaerobic capacity can be estimated as the maximal oxygen 
deficit, i.e., the difference between the estimated total oxygen re
quirement and the oxygen consumption established during an "all-
out" performance lasting from two to six minutes [39]. The accu
mulated oxygen deficit was 36% higher (p<0.05) during maximal 
rowing compared to running [2]. Taking the different stroke fre
quences into account, the maximal oxygen deficit has been calcu
lated to be 95 ml x min-1 x kg-1 for rowers [12] and thus substan
tially higher than the 64 ml x min x _1 x kg-1 in runners as reported 
by Bangsbo et al. [1]. Russell et al. [47] found accumulated oxy
gen deficit in 19 junior rowers to be 2.1 ±1.4 1 x min"1. The total 
oxygen debt for 310 competitive oarsmen during six minute "all-
out" rowing ergometer test averaged 13.4 litres [15]. The validity 
of this method of measuring anaerobic capacity is supported by a 
close relationship with the anaerobic energy produced in a single 
muscle group [1]. The oxygen deficit appears not to be related to 
blood lactate during submaximal exercise, muscle enzyme activity, 
number of muscle cappillaries, percent of slow-twich muscle fibers 
and/or muscle buffer capacity [2]. 

It is well established that the central and peripheral adaptations 
in rowers in response to exercise training result in an increase in 
maximal oxygen consumption as well as in a concomittant shift of 
the blood lactate versus work rate curve to the right, i.e., towards 
higher absolute and relative work rates [40]. The shift of the lactate 
curve towards higher relative work rate shows a possible dissocia
tion between the underlying phenomena that lead to the shift and 
those involved in the concomittant increase in the aerobic capacity 
[40]. The shift indicates that the magnitude of the adaptive meta
bolic processes inducing the changes in lactate is proportionally 
greater than the corresponding changes in oxygen consumption 
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[40]. Under these conditions, differences may subsist in lactate ki
netic parameters among highly trained rowers with approximately 
the same oxygen consumption and working at the same relative 
work rate [40]. 

Despite the importance of the lactate performance curve and the 
anaerobic threshold, this concept has some limitations [55]. In suc
cessful rowers of comparable competitional level, the anaerobic 
threshold of 4.0 mmol x Г1, maximum lactate and maximal oxygen 
consumption may be very different. A lower anaerobic threshold of 
4.0 mmol x Г1 may be compensated to some degree by higher lac
tate formation, by increased lactate tolerance, and also by higher 
work efficiency [55]. Maximum lactate decreases with higher an
aerobic threshold due to higher oxidative metabolic capacity [52, 
55]. Since lactate concentration is the dynamic resultant of both 
lactate appearance and disappearance, a shift in 4.0 mmol x Г1 

blood lactate concentration can be a result of a change in one or 
both of these processes [40]. However, the measurement of 4.0 
mmol x Г1 blood lactate concentration alone gives no information 
on any of these parameters in rowers [40]. 

Peak lactate levels should always be determined on well-rested 
and well-nourished competitors, since values may be influenced by 
both recent exercise and glycogen depletion [53]. The peak lactate 
concentrations appear to be substantially higher in male rowers, 
both adults and juniors (typically 11-19 mmol x Г1 and occasion
ally as high as 25 mmol x Г1) than in females (8.6-10.5 mmol x Г1) 
[53]. The main explanation is likely to be that men have larger 
muscle mass relative to blood volume than women [53, 55]. The 
peak lactate concentrations reached by male competitors are in
versely related to the proportion of slow-twich muscle fibers in the 
active muscle groups [55]. 

Anaerobic power can be measured on a rowing ergometer. The 
anaerobic alactic power has been measured by five maximal 
strokes and anaerobic lactic power by 40 second maximal work 
[27, 55]. Anaerobic tests have not been sensitive enough to detect 
changes with training [32]. Although, strength and anaerobic ca
pacity are important in rowing, they should not be increased above 
a "critical" value [32]. 
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In summary, anaerobic capacity explains about 10-20% of the 
performance in rowing competition and is high in trained rowers. 
Average blood lactate values have been reported to be 15-17 mmol 
x Г1 after 2000 metre distance. Maximum blood lactate decreases 
with higher anaerobic threshold due to the higher oxidative meta
bolic capacity. 

4. GENERAL CONSIDERATIONS 

The development of performance prediction models based on labo
ratory data allows coaches and scientists to predict on-water row
ing performance and to identify potentially talented rowers. Fur
thermore, it allows the development and assessment of different 
training programmes for rowers of different boat classes and 
weight categories. As observed in many studies, a typical heavy
weight rowers morphological prototype is that of a tall, heavy and 
lean athlete with a large aerobic and anaerobic capacities [6, 7, 28, 
52, 53, 55]. These morphological qualities occur directly from spe
cific rowing training and genetic inheritance [47]. This is in accor
dance with the recent findings of Jürimäe et al. [28] who found 
significant relationships between 2000 metre rowing ergometer 
time and height, body mass and muscle mass (-0.77 < r < -0.81), 
while muscle mass was the only characteristic to predict competi
tion results on 2000 metre single scull distance. Anthropometric 
parameters are more important in heavyweight than in lightweight 
rowers. It is advantageous for lightweight rowers when being not 
very tall and have high metabolic values. A large muscle mass is 
achieved by long hours of aerobic training combined with resis
tance training [28, 47, 56]. This type of training also results in a 
rower with a high aerobic capacity and metabolic efficiency [28, 
47, 56]. 

When taking the metabolic characteristics into account, the 
most predictive parameter has been reported to be maximal oxygen 
consumption (lxmin-1), although its predictive influence varies in 
different analyses [28, 47, 52, 55, 61]. On-water rowing perform
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ance has also been shown to be associated with the ability to main
tain a high percentage of maximal aerobic power and high meta
bolic efficiency [18]. In support to this finding Jürimäe et al. [28] 
found significant relationships between maximal aerobic power 
and 2000 metre single scull distance (r=-0.70). On-water rowing is 
also significantly related to maximal aerobic power (i.e., power, 
where maximal oxygen consumption is reached) [28]. Competitive 
rowing means not only maximal aerobic but also maximal anaero
bic effort. Significant correlations have been found between 40 
second maximal work (i.e., anaerobic lactic power) and 2000 me
tre rowing ergometer time trials [28]. However, Russell et al. [47] 
found that anaerobic capacity, as measured by the accumulated 
oxygen deficit, did not correlate significantly with the 2000 metre 
rowing ergometer time-trial. These differences could be explained 
by the fact that the anaerobic energy contribution during 2000 
metre ergometer time-trial was low (16%) in that study, whereas it 
has been reported to be 20-30% during 2000 metre on-water row
ing [49, 53, 55]. 

In summary, the prediction of individual performance of rowers 
needs a complex testing battery, where specific anthropometric and 
physiological parameters are used. 
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ABSTRACT 

This investigation studied hormonal responses to a single endurance 
rowing training session in 12 male competitive single scull rowers 
(23.3±6.3 yrs; 188.7±5.9 cm; 82.0±10.8 kg; body fat %: 10.9±3.3%). An
aerobic threshold (AT4) was determined during the first measurement 
session on a rowing ergometer. The second measurement session con
sisted of an endurance rowing training session on single sculls for about 
2 hrs (7891+761 sec; covered distance: 22.6±2.5 km; mean heart rate: 
136.2±6.6 beats x min"1; intensity: 77.4±3.8% from calculated AT4). Ve
nous blood samples were obtained before and immediately after and after 
30, 60 and 120 min of exercise. Cortisol (C), total testosterone (Ttot) and 
sex-hormone-binding-globulin (SHBG) were measured and free testoster
one (Tfree) and the Tfree:C ratio calculated. The lactate concentration in 
blood did not change significantly during training (1.7±0.4 to 1.9± 
0.4 mmol x Г1), while body mass was reduced (82.0±10.8 to 80.6± 
11.2 kg). The concentrations of С and Ttot were not significantly changed 
during rowing and in the first two hours of the recovery. Tfree was reduced 
during the first 30 min of the recovery and a further reduction was estab
lished during the second hour. Body mass immediately after the training 
session was significantly related to the covered distance (r=-0.75). The 
concentrations of С (r=0.49) and Tfree (r=-0.58) were also significantly 
related to the covered distance. The results of this study indicated that a 
prolonged low intensity rowing training session poses a similar anabolic 
and catabolic stimulus for the trained rower. 

Key words: testosterone, Cortisol, endurance training, competitive rowers 
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INTRODUCTION 

The anabolic hormone testosterone (Ttot) and the catabolic hormone 
Cortisol (C) blood concentrations are influenced by the intensity 
and duration of endurance exercise [3, 13]. Circulating levels of 
Ttot and С in blood have been used to evaluate the metabolic bal
ance in rowers [8, 14, 16, 19, 20, 21]. Free testosterone (T^), the 
ratio between Ttot and the sex-hormone-binding-globulin (SHBG) 
levels, may be more specific indicator of anabolism as it represents 
the biologically available Ttot [8, 16, 20, 21]. The Tfree:C ratio is 
postulated to describe the balance between anabolic and catabolic 
metabolism. A decrease in Tfree:C ratio should then indicate a 
metabolic strain [8, 20, 21, 22]. Accordingly, the responses of ana
bolic and catabolic hormones can be used for assessment of the 
trainable effect of exercise session and for control of the recovery 
period. Changes in the anabolic and catabolic metabolism have 
been described during maximal rowing ergometer bout [8, 14, 19]. 

Rowing training is described in terms of extensive (below 
2 mmol X Г1 blood lactate [LA]), intensive (2-4 mmol x Г1 blood 
LA), highly intensive (4-8 mmol x Г1 blood LA) endurance train
ing and speed or tempo training [20, 21]. Since during a 2000 m 
rowing competition the aerobic energy supply makes of =70-86% 
of the total energy, depending upon boat class and race tactics [15, 
17, 20], prolonged extensive rowing on water makes up the largest 
part of the training programme [20, 21]. For example, Mader et al. 
[12] report that 86-94% of the training volume during winter and 
70-77% during summer is extensive. This study was conducted to 
evaluate the adaptation of anabolic and catabolic hormones to a 
single endurance rowing training session below 2 mmol x Г1 blood 
lactate in male competitive single scull rowers. 
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METHODS 

Subjects 

Twelve male national level rowers volunteered to participate in the 
study (Table 1). The subjects had trained regularly for the last 
7.1±3.2 years. Measurements took place during the pre-compe-
tition period in May. The rowers were fully familiarised with the 
procedures before providing their consent to participate in the ex
periment as approved by the Medical Ethics Committee of Univer
sity of Tartu. Each rower was tested on two separate sessions inter
spaced by at least one week. The rowers were asked not to partici
pate in any physical activity in the 24 hrs before testing and to ab
stain from eating for 3 hrs before testing. Height (Martin metal 
anthropometer) and body mass (A&D Instruments Ltd, UK) of the 
subjects were measured to the nearest 0.1 cm and 0.05 kg, respec
tively. Body composition was measured using a multifrequency 
impedance analyzer (Multiscan 5000, UK). 

Table 1. Physical and functional characteristics of rowers (n=12). 

Variable X±SD Range 

Age (yrs) 23.3±6.3 19.0-34.0 

Height (cm) 188.7±5.9 178.0-197.0 

Weight (kg) 82.0±10.8 67.10-97.0 

Body fat (%) 10.9±3.3 4.7-16.5 

AT4(W) 280.0±39.4 225.0-373.0 

ЛТД (beats x min-1) 176.1±9.7 156.0-191.0 

Pamax (W) 357.7±52.9 299.2-484.9 

AT4, anaerobic threshold; Pamax, maximal aerobic power. 

Heart rate (HR) was stored at five seconds intervals (Sporttester 
Polar Vantage NV, Kempele, Finland). Anaerobic threshold de
fined by HR (AT4; beats x min"1) was determined during the first 
measurement session. A progressive incremental exercise test to 
maximal intensity was performed on a wind resistance braked 
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rowing ergometer (Concept П, Morrisville, USA) [9, 10]. The ini
tial work load was 150 W and power was increased every third mi
nute by 50 W until exhaustion. The stroke rate varied between 18 
and 34 strokes x min-1. Capillary blood samples for enzymatic de
termination of LA (Lange, Germany) were taken from a fingertip 
during a 30 s interval at the end of each work intensity. The AT4 

was assessed by linear interpolation from the LA versus HR curve 
[9, 10]. 

The second measurement session consisted of anaerobic rowing 
on single sculls at the intensity of =75% AT4 for about two hours. 
The training took place on the river at air temperature of 20-22°С, 
with a humidity of 40-45% and the weather was not windy. After 
voiding, the subject's baseline (PRE) measurements were per
formed. Following the baseline measurements, the subject 
warmed-up with stretching and jogging for 15 min, and then rowed 
for an average of two hours and 17 minutes (7891 ±761 sec). The 
mean covered distance was 22.6±2.5 km. Exercise mean HR was 
136±7 beats x min-1 (range 129-148 beats x min-1) or 77.4±3.8% 
of AT4. Body weighing and venous blood sample were repeated 
immediately post-exercise (POST), and at 30 min (POST-30'), one 
hour (POST-60') and two hours (POST-120') from rowing. The 
LA before exercise was 1.7±0.4 mmol x Г1 and did not change 
significantly during the training session (after: 1.9±0.4 mmol x Г1). 
The subjects were not allowed to drink during exercise and for two 
hours recovery period. 

Blood analysis 

Blood sampling (10 ml) was obtained from the anticubital vein 
with the subjects in the upright position. The plasma was separated 
by centrifugation and frozen at -20°C until analyses were per
formed. The Тим, С and SHBG were measured in duplicate by ra
dioimmunoassays (RIAs) (Orion Diagnostica, Orion Corporation, 
Finland) [7]. Samples from one individual were run in the same 
assay. The inter- and intra-assay coefficients of variation were less 
than 5%. The T^ was calculated as the ratio of Ttot to SHBG and 
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TfreeiC as the ratio of Tfree to С [8]. Aliquots of the whole blood 
were also analysed in quadruplicate for haematocrit (Hct) using 
12000 rpm for five minutes and haemoglobin (Hgb) using a Lange 
(Germany) microanalyzer. Post-exercise percentage changes in 
blood volume (BY), red cell (CV) and plasma volume (PV) were 
calculated from Hgb and Hct in each subject using the formula of 
Dill and Costill [2]. 

Statistical methods 

Mean ± standard deviation (SD) for each of the dependent vari
ables were determined following each measurement occasion. The 
Friedman analyses of variance (ANOVAs) by ranks were used to 
examine changes at each test point as the raw data and their loga
rithmic transformations were not normally distributed. An alpha 
level of 0.05 was adopted. The Wilcoxon matched-pairs signed-
ranks test was used where post hoc analysis was necessary. Ken
dall Rank Correlation coefficient was used to determine the rela
tionship between dependent variables at each time point. An alpha 
level of 0.05 was used. 

RESULTS 

Body mass was reduced after the training session (Table 2). Hct 
was increased immediately after the training session and decreased 
during the first 30 min of the recover)' (Table 2). No other statisti
cally significant changes were noted during the two hours recovery 
period. No significant changes were observed in the concentration 
of Hgb over the period of investigation. Accordingly, BV and CV 
did also not change significantly during the endurance training and 
two hours recovery period. Reduction in PV was found immedi
ately after the training session (-4.2±6.7%). During the first 30 min 
of recovery, PV increased almost to the preexercise level and re
mained unchanged during the two hours recovery period. 
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Table 2. Body mass and blood haematology before (PRE), immediately 
after (POST) and after 30 minutes (POST-30'), 1 hour (POST-60') and 
2 hours (POST-120') of extensive endurance rowing training session 
(X±SD). 

Variable PRE POST POST-30' PQST-60' POST-120' 

Body mass (kg) 82.0±10.8 80.6111.2* 80.1110.2* 79.9110.0*# 80.0+10.0* 

Haematocrit (%) 45.7±2.6 47.8±1.8* 46.2±1.9# 45.9±2.2# 45.8±2.7# 

Haemoglobin (g x dl"1) 14.911.0 15.2Ю.8 15.0Ю.8 14.9Ю.7 15.2Ю.9 

A Blood volume (%) 0 -2.515.2 -1.013.5 -0.612.8 -2.113.7 

A Plasma volume (%) 0 -4.216.7* -1.215.4# -0.215.7# 0.615.9# 

A Cellular volume (%) 0 1.212.3 0.213.8 0.012.6 -1.914.3 

* Significantly different from PRE; p<0.05. 
# Significantly different from POST; p<0.05. 

The concentrations of С and Ttot were not significantly changed 
during the training session and during the first two hours recovery 
(Figure 1). The Tfree was not significantly changed immediately fol
lowing the training session. However, a reduction in T^ occurred 
during the first 30 min of recovery and further reduction occurred 
during the second hour of recovery. No significant changes were 
observed in the Tfree:C ratio. The SHBG increased immediately fol
lowing training and remained elevated during the two hours of 
recovery (PRE: 35.29+8.45 nmol x Г1; POST: 39.81 ± 10.22 nmol x 
r1). 

A relationship was established between the covered distance 
and the body mass measured immediately after the training session 
(r=-0.75). No significant relationships were observed between the 
covered distance and blood haematology parameters (r<0.49). The 
covered distance was also related to the С (r=0.49) and Tfree (r= 
-0.58) immediately after rowing. Other relationships between the 
covered distance and hormone values were not significant (r<0.40). 
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Figure 1. Cortisol (C), total testosterone (Ttot), free testosterone (Tfree) and 
Tfree:C ratio before (PRE), immediately after (POST) and after 30 minutes 
(POST-30'), 1 hour (POST-60') and 2 hours (POST-120') of extensive 
endurance rowing training session (X±SD). *Significantly different from 
PRE; p<0.05. #Significantly different from POST; p<0.05. $Significantly 
different from POST-30'; p<0.05. & Significantly different from POST-
60'; p<0.05. 
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DISCUSSION 

Extensive endurance rowing training forms a main part of the 
training in competitive rowers [20, 21]. This study investigated the 
effects of a prolonged endurance training session with no elevation 
in blood LA on anabolic and catabolic hormone concentrations in 
male competitive rowers in a single scull. 

Hormone concentrations should be corrected with changes in 
PV as a decrease in PV would increase the level even without an 
increase in hormone secretion. Yet it may be the concentration of 
the hormone at the target tissues that is of importance regardless of 
the means by which the change in concentration is established [5]. 
Therefore, the hormone concentrations reported here are used as 
uncorrected for exercise-induced PV alterations. There was a de
crease (by 4.2%) in the PV during the training session. However, 
this change is not high as PV during acute exercise has been re
ported to decrease in close association with exercise intensity and 
duration up to 20% [18]. These changes are mediated by an in
creased intravascular hydrostatic pressure, fluid shifts from the in
travascular space into the muscular tissue and especially by fluid 
losses via sweating [10]. 

Circulating levels of anabolic and catabolic hormones were not 
significantly changed after about two hours of extensive rowing 
training and there was no significant change in the Tfree:C ratio as a 
result of training. This suggests that the prolonged endurance row
ing training session posed a similar anabolic versus catabolic 
stimulus for competitive male rowers. It could be argued that the 
high level of performance capacity of the rowers requires a greater 
absolute exercise intensity than =75% of AT4 to attain a given per
centage of maximal aerobic power, what is necessary to elicit 
changes in Tfree and С concentrations after the aerobic exercise 
(i.e., [1, 22]). Viru [22] has suggested that the threshold intensity 
for these hormone responses may be closely related to the AT4. 
When the exercise intensity is below that response threshold in 
trained individuals, a greater duration of exercise may be necessary 
to achieve a response [1, 22]. From these perspectives, a longer 
duration of training session at the intensity of =75% of AT4, or a 
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higher exercise intensity might have provided a sufficient stimulus 
for the increases in hormone concentrations in competitive rowers. 
However, these kind of endurance training sessions are not fre
quent in the training programmes of competitive rowers [20, 21]. 

Immediately after the training session С (r=0.49) and Tfree (r= 
-0.58) were related to the covered distance. This is in accordance 
with Viru [22] who suggests that the hormonal response depends 
on the total amount of work performed. However, the given 
amount of work that was done by our subjects was not enough to 
elicit an increase in the post-exercise hormone levels. In addition, 
Viru [22] proposed that the correlation between hormone levels 
and performance is established only after an earlier hormone effect 
on a muscle tissue. Usually, there appears to be a biphasic increase 
in the circulating level of С during a two hours of endurance exer
cise [22]. The blood С concentration increased slightly during 
rowing training session and achieved the highest value after 30 min 
of recovery. While С decreased rapidly after the 30 min of recov
ery. The increased tissue uptake of С is responsible for the early 
decline in serum С levels during the recovery [4, 11]. The plasma 
Tfree responses in rowers are similar to the hormone results of other 
studies reported in response to a prolonged aerobic treadmill run
ning [6]. 

In summary, the results of this study demonstrated that plasma 
Tfree and С concentrations were not significantly changed in endur
ance-trained rowers in response to the prolonged rowing training 
session below the intensity of 2 mmol x Г1 blood LA. In addition, 
the lack of significant changes in Tfree:C ratio as a result of training 
session suggested that this kind of endurance training posed a 
similar anabolic versus catabolic stimulus for competitive rowers. 
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ABSTRACT 

The aim of the present study was to compare changes in twitch contractile 
properties of quadriceps femoris muscle in boys aged 12-14 years and 
adult men when performing jumping exercises of maximal intensity. The 
quadriceps femoris muscle was directly stimulated by single square-wave 
pulses in rest and after maximal voluntary isometric contraction (MVC) 
of 10 s duration (post-tetanic potentiation condition). Twitch peak force 
(Pt), contraction time (CT) and half-relaxation time (HRT), and MVC 
force of the quadriceps femoris muscle were measured before and after 
jumping test. The sum of CT and HRT (CT+HRT) was calculated. Bosco 
jumping test of 1 min duration performed on force platform. The power 
developed by leg muscles of adult men at the start of the Bosco jumping 
test and the decrease in power was greater (p<0.05) than in boys. After 
the jumping test there was a greater decrease in Pt and MVC of adult men 
if compared with the corresponding values found in boys. CT+HRT val
ues in boys increased to a greater (p<0.05) extent than in adult men. Be
fore jumping test twitch Pt potentiation was higher (p<0.05) in men com
pared with boys. Besides there was actually hardly any change in Pt po
tentiation of adult men after the exercise while there was a considerable 
decrease in the corresponding values for boys if compared with the initial 
values though there was an increase in the CT+HRT potentiation of boys. 

Key words: skeletal muscle, growth and maturation, contraction and re
laxation, jumping, fatigue, post-tetanic potentiation 
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INTRODUCTION 

There exists a great number of studies dealing with the peculiarities 
of growth and maturation of the skeletal muscles [4, 6, 8, 9, 10]. 
However, the phenomenon of the post-tetanic potentiation of ma
tured muscles and muscle fatigue have been investigated quite 
thoroughly. Post-tetanic potentiation is characterised by an increase 
in peak twitch tension that occurs following tetanic tension devel
opment in the muscle and which rapidly decays following removal 
of the potentiating stimulus [14, 17]. Despite considerable re
search, the causes of muscle fatigue have yet to be clearly estab
lished [5, 14, 17]. The problem is complex, since multiple factors 
are clearly involved. It has been shown that the processes of post-
tetanic potentiation and fatigue occur concurrently, beginning from 
the onset of activation [7, 14]. Still changes in the efficiency of an 
voluntary contraction and relaxation of the skeletal muscles in
duced by a single electrical stimulus as well as phenomena of mus
cle post-tetanic potentiation and their resistance to fatigue depend
ing upon age are far from being clear and require further investiga
tion. 

The aim of the present study was to compare changes in twitch 
contractile properties of the quadriceps femoris muscle, including 
changes in post-tetanic potentiation in boys aged 12-14 years and 
adult men when performing jumping exercises of maximal inten
sity for 60 s (Bosco test). 

METHODS 

Subjects 

The subjects were healthy adult men (aged 21-26 years, n=15) and 
12-14 years-old boys (n=12) not engaged in sports. The boys at
tended physical education classes twice per week. 
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Apparatus and Experimental Procedure 

Force measurements. The equipment and technique of measuring 
force of the quadriceps femoris muscle was described in our previ
ous studies [12, 13]. Subjects sat upright on the experimental chair 
with a vertical back support provided. A strap secured the hips and 
thighs to minimise uncontrolled movements. The right leg was 
clamped in the force measuring device with the knee semi-flexed. 
A 6 cm wide plastic cuff, placed around the right leg just proximal 
to the malleoli, was tightly attached to a linear variable differential 
transducer. The output of the transducer, proportional to isometric 
knee extension force, was amplified and digitised at a sampling 
rate of 1 kHz by a 12-bit analogue-to-digital converter installed in 
an IBM-compatible personal computer. The digitised signal was 
stored on hard disk for subsequent analysis. The output from the 
force transducer was also displayed on voltmeter in front of the 
subject. 

Electrical stimulation. Details of equipment and procedure for 
electrical stimulation were described previously [12, 13]. A high-
voltage stimulator (MG 440, Medicor, Budapest, Hungary) was 
used. Electrical stimuli to the quadriceps muscle were delivered 
through surface electrodes (9x 18 cm) padded with cotton cloth and 
soaked in saline solution. One stimulation electrode was placed just 
above the patella, while the other covered the large portion of the 
muscle belly in the proximal third part of the thigh. The electrical 
stimulation was always delivered in trains of square wave pulses of 
1 ms duration (voltage 150 V). The subjects were introduced to 
electrical stimulation. The following data were measured: (1) 
twitch peak force (Pt), twitch contraction time (CT) and twitch 
half-relaxation time (HRT). Twitch post-tetanic potentiation (PTP) 
was evaluated as the percentage elevation in twitch parameters (Pt, 
CT and HRT) after 10-s maximal voluntary contraction (MVC) 
[13, 17]. The sum of CT and HRT (CT+HRT) was calculated. 

Vertical jump performance. Each subject performed maximal 
voluntary vertical jumps on force platform PD-3A (Visti, Sankt-
Peterburg, Russia). The force signal was registered and analysed 
with the help of personal computer IBM-compatible AT 486 per
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sonal computer. Heights of the jumps (H) were recorded by an ear
lier technique by applying the following formula [2]: 

H=1.1226 x Tf2 

where Tf = flight time. Jumps with a preliminary counter-move
ment to 90 degrees angle in the knee (counter-movement jump, 
CMJ) were performed. 

A Bosco jumping test for 1 min duration [1] was performed. To 
estimate the maximal mechanical power of the leg extensor mus
cles, the protocol required that the subject jumped continuously 
with maximal leg extension for a set period of 1 min. To standard
ise the knee angular displacement during contact phase, the sub
jects were required to bend the knee to about 60 degrees. Further
more, to avoid unmeasurable work output, horizontal, and lateral 
displacements should be minimised and the hands must be kept on 
hips throughout. To calculate the average mechanical power (W) 
during 60 s the following formula was used [1]: 

W = g2 x Tf x 60 / 4n x (60-Tf), 

where W = mechanical power expressed in W x kg-1; g = accelera
tion of gravity; Tf = sum of the total flight time (s) of all jumps; 
n = number of jumps performed during the total 1 min work 
period. To follow the change in power output during the total 
jumping performance, power measurements were calculated for 
every 15 s period were extracted from the 1 min jumping test. 
Power output during first 15 s (W0-15) of jumping test and power 
output during last 15 s (W45-60) of jumping test were calculated. 

The experimental protocol. Upon arriving at the laboratory, the 
subject was seated in the experimental chair and after 5 min muscle 
contractile properties were recorded in the following sequence: 1. 
Pt (3 times every 30 s), MVC force (top of the MVC was reached, 
held about 2 s and relaxation, MVC was reached 3 times every 
1 min). 3. Post-tetanic twitch potentiation (PTP) was evaluated. 
Before testing the height of the vertical jump the subject performed 
warming-up which consisted of 10 min running on the spot with 
intensity that corresponded to heart rate 130-150 beats per minute. 
Then every 1 min the subjects performed 3 control jumps. After 
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testing the height of vertical jump jumping exercise of maximal 
intensity for 1 min were performed. One and 3 min following the 
end of the exercise the height of jump was established. After this 
control measuring of the height of jump the subjects were seated in 
the experimental chair again and the same muscle contraction and 
relaxation properties as before the exercise were tested. The testing 
of these properties was undertaken between 3 and 5 min following 
the end of jumping exercise. Besides, MVC force was measured 
two times. 

Statistical analysis 

Data are means and standard deviations (SD). The two-way analy
sis of variance (two-way ANOVA) for repeated measures was used 
to determine differences between the groups. One-way ANOVA 
for repeated measures were used to test statistical differences 
within each group (pre- vs. post fatigue). Student t test for paired 
data was used to determine any differences between separate 
measurements of parametric variables. Statistical significance was 
set at p<0.05. 

RESULTS 

The power developed by leg muscles in adult men at the start of 
the jumping exercise (WO-15) and the rate of decrease in power 
was significantly (p<0.05) greater than in 12-14-year-old boys 
(Table 1). The jumping height in boys was restored during 1 min 
significantly (p<0.05) sooner than in adult men. After 3 min of the 
end of the test the height of the jump in boys and adult men was 
not differed from the control value (p>0.05). 
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Table 1. Mean (SD) values of the vertical jumping characteristics of 12-
14 year-old boys and adult men. 

WO-15 WO-15- Percent of height of Percent of height 
Groups (W/kg) W45-60/ vertical jump 1 min of vertical jump 3 

WO-15 x after jumping to initial min after jumping 
100 level to initial level 

(percent) 
Boys 13.2 41.2 92.8 97.8 

(3.2) (6.5) (6.1) (6.4) 
Adult men 19.8 51.8 83.1 96.4 

(2.2) (9.1) (5.6) (6.7) 

P <0.05 <0.05 <0.05 >0.05 

Notes: WO-15 and W45-60 — power output during first 15 s of jumping 
test and power output during last 15 s of jumping test, respectively. 

Before performing jumping test Pt and MVC force in adult men 
was greater (p<0.05) while CT+HRT was smaller (p<0.05) than in 
boys (Table 2). Besides post-tetanic potentiation of twitch force 
was greater (p<0.05) in men than in boys. After retaining the MVC 
force for 10 s however there was a significantly (p<0.05) expressed 
decrease CT+HRT in boys while in men this value remained un
changed (p>0.05). 

Table 2. Mean (SD) values of MVC force and twitch contractile proper
ties of the quadriceps femoris muscle in boys (B) and men (A) before and 
after the jumping exercise. 

Pt PTP CT+HRT PTP MVC force 
(N) Pt (%) (ms) CT+RT (%) (N) 

B A B A  В  А  В  А  В  A  
Before 57 74* 195 261* 153* 130 86 100* 413 924* 
test (8) (10) (44) (47) (15) (18) OD (10) (50) (105) 
After 46* 25 154 292* 179* 124 68 110* 352 669* 
test (5) (4) (32) (59) (16) (17) (11) (18) (43) (108) 
P <0.05 <0.05 <0.05 >0.05 <0.05 >0.05 <0.05 >0.05 <0.05 <0.05 
After/ 84* 36 83 120* 118* 97 78 109* 86 74* 
before (%) (U) (6) (21) (24) 05) (20) (11) (19) (8) (H) 

Note. * p<0.05 between the men and boys. 

After performing jumping test there was a greater (p<0.05) de
crease in Pt and MVC force of adult men and boys but there was a 
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statistically significantly (p<0.05) greater decrease in Pt and MVC 
force of adult men if compared with the corresponding values 
found in boys (Table 2). Besides, CT+HRT values in boys in
creased (pcO.OS) while in adult men CT+HRT was unchanged 
(p>0.05) after jumping exercise. It is of interest to note that there 
was actually hardly any change in post-tetanic potentiation Pt of 
adult men after the exercise while there was a considerable de
crease in the corresponding values for boys if compared with the 
initial values though there was an increase (p<0.05) in the 
CT+HRT potentiation of boys. 

DISCUSSION 

The first finding of our study is that after performing jumping test 
there was a significantly greater decrease in Pt and MVC force of 
adult men compared to boys. CT+HRT in boys prolongated to a 
greater extent than the corresponding values found in adult men. 
The second finding of our study is that before jumping test post-
tetanic twitch force potentiation was significantly greater in men 
than in boys. Besides there was actually hardly any change in Pt 
potentiation of adult men after the exercise while there was a con
siderable decrease in the corresponding values for boys if com
pared with the initial values though there was a prolongation of 
potentiated CT+HRT in boys. 

It has been established that in the period of puberty a particularly 
intensive synthesis of testosterone takes place [10] and it especially 
contributes to the protein synthesis of muscle fibres of the fast-
twitch type [6] though another opinion has also been voiced, 
namely, that in the process of the growth of the human organism 
the ratio of muscle fibres of fast-twitch type and the slow-twitch 
type remains unchanged [4]. The sarcoplasmic reticulum (SR), 
where the calcium ions are situated, is more developed in muscle 
fibres of the fast-twitch type. The more developed the SR the 
greater the ratio and amount of the calcium ions released, conse
quently, the greater should be Pt and the shorter should be CT and 
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HRT [5]. The results of the research carried out by these scientists 
account for the fact why the values Pt, MVC force and (WO-15) 
are smaller and the corresponding value of CT+HRT is longer in 
boys than in men. 

It is believed that after maintaining the maximal contraction 
force of the muscle the release of Ca2+ from SR into the myoplasm 
takes place which in its turn activates the phosphorylation of the 
light chains (LC) of myosin [15]. Due to phosphorylation of the LC 
of myosin the transformation rate of the myosin cross-bridges from 
weak state to strong state improves [15]. With this mechanism in 
action during the same period of time there is attachment of greater 
number of myosin cross-bridges with actin which contributes to an 
increase in the muscle contraction force, the more so in the case of 
the small Ca2+ concentration [15]. It has been established that mus
cles of the fast-twitch type have greater post-tetanic potentiation 
[16]. If this is the case it becomes quite understandable why the Pt 
potentiation of men is greater than that of boys whose muscles do 
not contain yet fully matured muscle fibres of the fast-twitch type 
[8]. 

It is not quite clear why after 10 s of maintaining MVC, HRT 
and CT values for boys become shorter while in the case of men 
the corresponding values remained unchanged. Due to phosphory
lation of the LC of myosin the detachment of myosin cross-bridges 
from actin becomes worse [15]. Therefore, after 10 s of maintain
ing MVC, RT should become longer but in our case RT for boys 
shortened. Muscle relaxation rate depends not only on the detach
ment rate of myosin cross-bridges from actin but on their amount 
as well. The greater the amount of Ca2+ the greater the number of 
myosin cross-bridges subjected to attachment and the longer it 
takes Ca2+ to transform into SR [5, 17]. After 10 s maintaining 
MVC some portion of calcium ions may be coupled up together 
with paralbumin may cause the worsening of muscle relaxation 
[17]. It is believed that following the start of the exercise the 
amount of Ca2+ in the myoplasm should be increase [17] and be
cause of this the RT should be longer. Therefore the fact that 
CT+HRT values become shorter in the case of the experiment with 
boys cannot be accounted for by phosphorylation of myosin LC 
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and Ca2+ kinetics alone, the more so that our knowledge about the 
changes taking place in the parvalbumin during the period of mus
cle growth and maturation is still rather scarce. 

Phosphorylation of the myosin LC is not the only mechanism 
activating muscle work, the more so that scientists do not point to 
any direct relation between phosphorylation of the myosin LC and 
increase in Pt [7]. This relation could be distorted by a number of 
other factors. For example, with the increase in the temperature of 
muscles the rate of the muscle contraction and relaxation improves 
[5]. There is no doubt whatever that after 10 s of maintaining MVC 
the muscle temperature rises and this causes the shortening of 
HRT. Besides, after maximal muscular efforts the mechanisms of 
transmission of the muscle force signal can remain unchanged for 
some time. For examples, the smaller values of elasticity of the 
muscle, and the shorter the values of HRT and CT. 

The subjects had to perform jumping exercise which cause the 
accumulation of metabolites in the muscles [1]. With an increase in 
the concentration of hydrogen ions and non-organic phosphate the 
number of myosin bridges attached to actin decreases and the force 
developed by them decreases [3, 5, 11]. Besides, due to the some 
reason the amount of the Ca2+ released from SR and the sensitivity 
of myofibrils to Ca2+ decreases [3, 11]. Therefore the curve of 
contraction force depending upon Ca2^ concentration moves to the 
right [11] and this circumstance calls forth a particular decrease in 
the muscle contraction force at low stimulation frequencies. It is 
quite understandable therefore why there was a greater decrease in 
Pt than MVC force in the case of adult men (Table 2). Besides, 
prolongated values of CT+HRT for boys after the exercise can be 
explained by accumulation of metabolites. The fact that the an
aerobic way of ATP resynthesis predominates in the muscles of 
adult men if compared with the muscles of boys accounts for a 
greater decrease of MVC force and Pt in men. It is not clear at all 
however why the CT+HRT prolonged more in the case of boys 
than in the case of men. 

Two main mechanisms, i.e. post-tetanic potentiation and muscle 
fatigue are in competition during physical exercise [7, 14]. There
fore the efficiency of muscle contraction and relaxation depends on 
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the interaction of the mechanisms of fatigue and potentiation [14]. 
The more intensive and the shorter the work performed by the 
muscles the more active are the mechanisms of potentiation [14]. 
Since our subjects have been performing a rather intensive work 
post-tetanic potentiation might have also had some influence on Pt 
registered after work. This is in accordance with the data received 
by some others authors [7]. It has been established that after maxi
mal efforts of the quadriceps m. femoris for 60 s a great amount of 
myosin LC is phosphorylated [7]. Pt, however, is considerably de
creased due to metabolic changes. The fact that post-tetanic poten
tiation was retained both in men and in boys during fatigue coin
cides with the results of the research carried out by other scientists 
[7, 14]. The subjects in those cases though were adult men. It is not 
clear however why because of fatigue there was a decrease of Pt in 
boys while PTP remained unchanged. Besides, it is difficult to ex
plain why during fatigue there was a shortening of CT+HRT due to 
PTP only in boys while this value in adult men remained un
changed. 

By way of summing up it can be asserted that after jumping ex
ercise of maximal intensity MVC force and Pt were more reduced 
in adult men than in boys and, what is rather strange, the muscle 
CT+HRT was more prolonged in boys than in the case of adult 
men. Besides there was actually hardly any change in Pt potentia
tion of adult men after the exercise while there was a considerable 
decrease in the corresponding values for boys if compared with the 
initial values though there was a prolongation of potentiated 
CT+HRT in boys. Thus, it can be maintained that post-tetanic po
tentiation both in boys and in adult men can partially compensate 
the muscle fatigue generated while performing the jumping exer
cise. 
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ABSTRACT 

We measured different estimates of body fat distribution and explored 
their association with systolic (SBP) and diastolic blood pressure (DBP) 
in obese children and adolescents. 29 obese boys [mean±SD; age: 
11.5±2.7yrs., body mass index (BMI): 26.6±3 SBP: 121±14.8 mm Hg, 
DBP: 60.4±7.4 mm Hg] and 56 obese girls (age: 12±1.9yrs., BMI: 
27.7±5.25, SBP: 122.Ш3.4 mm Hg, DBP: 62.3±10.8 mm Hg) were 
studied. Fat mass (FM) was estimated by means of bioelectrical imped
ance. Waist (Wc) and hip circumference (He) were measured and waist-
to-hip ratio (WHR) was calculated. Subcutaneous adipose tissue layers 
(SAT-layers) were measured by means of the optical device Lipometer at 
15 different body sites (from 1-neck to 15-calf) on the right side of the 
body. In boys, significant correlations were found between either SBP 
and age, body weight, BMI and FM. Wc and He but not WHR were cor
related to SBP. DBP was associated with body weight, BMI and He. 
SAT-layers 12-lateral thigh and 15-calf were inversely correlated to SBP. 
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DBP was not associated with any of the measured SAT-layers. In girls, 
SBP and DBP were correlated to body weight, BMI, FM, Wc and He but 
not to WHR. SBP was correlated to SAT-layers 1-neck, 3-biceps, and 6-
lateral chest whereas DBP was correlated to SAT-layers 1-neck and 4-
upper back. Multiple regression revealed that after control for body 
weight, SAT-layers 5-front chest and 6-lateral chest contributed to the 
variation in SBP in boys (adj. R2=0.696, pcO.OOOl). In girls, body weight 
contributed independently to the variation in SBP (adj. R2=0.167, 
p=0.0012). Body weight together with SAT-layers 4-upper back, 5-front 
chest, and 12-lateral thigh contributed to the variation in DBP (adj. 
R2=0.346, p<0.0001). The results imply that different adipose tissue de
pots might contribute in a gender dependent mechanism to the variation in 
blood pressure. Nevertheless, body weight is a main and independent de
terminant for blood pressure in childhood and juvenile obesity. 

Key words: blood pressure, body fat distribution, obesity, children, 
Lipometer, gender 

INTRODUCTION 

Obesity in childhood often results in an increased morbidity and 
mortality in later life [15]. The increase in body weight and body 
fat mass is associated with worsening in cardiovascular risk [10]. 
An excess of adipose tissue might constitute the metabolic syn
drome which can be described as a cluster of metabolic abnormali
ties [4] among which systolic blood pressure has been shown to be 
related to the extent of fibrous-plaque lesions and fatty streak [3]. 

Hypertension and being overweight were shown to exert addi
tive effects in increasing insulinemia [8] and an impairment in in
sulin sensitivity contribute to the age-related elevation in blood 
pressure [14]. Fasting plasma insulin may be used as a marker for 
the development of obesity-associated metabolic disorders and ele
vated blood pressure in children [17]. However, there is also evi
dence to assume an independent association of body fat distribu
tion with blood pressure [7]. Body fat distribution, either deter
mined by the waist circumference [9], waist-to-hip ratio and skin
folds [13], dual-energy x-ray absorptiometry (DEXA) [24] or mag
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netic resonance imaging (MRI) [6], were shown to be independ
ently and significantly linked with systolic and diastolic blood 
pressure. On the other hand, there are also data available which do 
not support an independent relationship of body fat distribution on 
blood pressure [5, 16, 22]. Whether this discrepancy can be ex
plained by a gender-dependent difference [1] or by the different 
estimates of body fat distribution used so far, is not clear. 

We have recently shown that the optical device Lipometer mea
sures a subcutaneous monolayer in a rapid, safe, and highly precise 
manner [18, 19] and further enables. In this study, we adressed the 
question whether subcutaneous adipose tissue layers or commonly 
used anthropometric estimates of body fat distribution (waist- and 
hip circumference) were differently associated with blood pressure. 
A second aim was to find out whether any of the above mentioned 
estimates of body fat distribution is also an independent determi
nant for blood pressure in obese children and adolescents after ad
justment for body weight and body fat mass. 

SUBJECTS AND METHODS 

Subjects 

The whole study group comprised 29 boys (mean±SD; age: 
11,5±2.7 yrs., body mass index, BMI: 26.6±3) and 56 girls (age: 
12±1.9 yrs., BMI: 21.1+5.25). Obesity was defined as a BMI>90th 

percentile for age and sex. Medical examination of children re
vealed no history of severe illness or other exclusion criteria. 

Resting blood pressure was measured in sitting position after a 
15-min rest using a mercury sphygmomanometer. Anthropometric 
characteristics and values of systolic (SBP) and diastolic blood 
pressure (DBP) are shown in table 1. 
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Table 1. Anthropometric characteristics, measures of adiposity, parame
ters of body fat distribution, and values of systolic and diastolic blood 
pressure for the whole study group and for boys and girls separately. P 
accounts for the gender difference between variables. Differences were 
tested by means of ANOVA. 

Parameters 
All children 

(n=85) Boys (n=29) Girls (n=54) P Anova 

Age 11.8±2.2 11.5±2.7 12+1.9 0.44* 

Height (cm) 156.3111.35 156.Ш4.8 156.4+9.2 0.85* 
Weight (kg) 68±18.1 66.15±17.7 68.9+18.4 0.51 

BMI 27.3±4.6 26.6±3 27.7+5.25 0.335* 

Systolic BP 121.9+13.8 121.4114.8 122.1+13.4 0.84 

Diastolic BP 61.719.8 60.4+7.4 62.3+10.8 0.59* 

Waist circf. (cm) 87.Ш3.5 88.4±11.2 86.4+14.6 0.53 

Hip circf. (cm) 94.05±13.3 92.9+10.5 94.7+14.5 0.56 

WHR 0.93±0.05 0.95+0.05 0.91+0.05 0.0007 

FM (kg) 31.3±12 29.4+10 32.2+12.85 0.3 

%FM 44.75±7.95 43.8+7.4 45.2+8.3 0.45 

* differences were tested by means of Kruskal-Wallis test. 

Anthropometric estimate of body fat distribution 

Waist- (Wc) and hip circumference (He) were measured in tripli
cate to the nearest 0.5 cm and the median was taken. The waist-to-
hip ratio (WHR) was calculated as Wc/Hc""1 (table 1). 

Assessment of body composition 

Fat free mass of children was estimated [21] by means of bioelec-
trical impedance (BIA Akern-RJL 101/S) with an applied current of 
50 kHz in the fasting state after children were resting in supine posi
tion [2]. Fat mass (FM) was calculated as the difference between 
body weight and FFM. Percentage FM (%) was expressed as the 
relative amount of FM for a given body mass (table 1). 

23 
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Determination of subcutaneous adipose tissue layers 
(SAT-layers) 

SAT-layers were determined by means of the optical device Lipo-
meter [19]. Briefly, the Lipometer uses light emitting diodes which 
illuminate a selected SAT-layer, forming certain geometrical pat
terns that vary in succession. A photodiode measures the light in
tensities that are backscattered in the subcutaneous adipose tissue. 
These light signals are amplified, digitised and stored in a com
puter. Calibration and evaluation were done using CT as the refer
ence [18]. 

Measurement for the thickness of SAT-layers in mm were per
formed at 15 specified body sites, from I-neck to 15-calf, on the 
right side of the body in standing position [18] (table 2). The coeffi
cients of variation of SAT-layers are ranging between 1.9% for SAT-
layer 5-front chest and 12.2% for SAT-layer 13-rear thigh [21]. 

Table 2. Values of the thickness of measured SAT-layers (from 1-neck to 
15-calf). P accounts for the gender difference in measured SAT-layers (by 
means of ANOVA). 

Measured SAT-layers 
(in mm) 

All children Boys Girls P Anova 

1 -neck 16.55±6.75 16.7±6.85 16.5±6.75 0.89 
2-triceps 17.9±5.5 17.3±5.9 18.2±5.4 0.49 
3-biceps 10.9±4.5 10.1 ±3.8 11.2+4.75 0.28 
4-upperback 16.3±6.65 15.8±6.6 16.6+6.7 0.63 
5-front chest 22.8±7.8 22.1 ±6.1 23.2±8.6 0.58* 
6-lateral chest 19.2±7.4 17.8±6 20±8 0.198 
7-upper abdomen 24.2+6.7 25.9±6.4 23.3±6.8 0.10 
8-lower abdomen 18.1±5.3 19.4±5.2 17.4±5.3 0.105 
9-lower back 19.3±6.5 19.5±5.65 19.2±7 0.83 
10-hip 22.1 ±6 22.7±6.3 21.8±5.9 0.53 
11-front thigh 10.4±3.7 11.5+4.2 9.8±3.3 0.044 
12-lateral thigh 11.9±3.3 12.4±3.8 11.6±3 0.31 
13-rear thigh 7.45±3.3 9.3±4.25 6.5±2.25 0.0037* 
14-inner thigh 14.5±3.6 14.8±3.4 14.4±3.8 0.61 
15-calf 6.9±2.1 7.9±2.4 6.4±1.8 0.0015 
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Statistics 

Kolmogorov-Smirnov test and Chi-Square test were used to prove 
normality of data. Analysis of variance was used to compare pa
rameters between groups where appropriate. In case of a significant 
difference, the post-hoc Bonferroni correction was employed. 
Kruskal-Wallis test was used if variances were not normally dis
tributed. Correlations between variables of interest were calculated 
using Pearson's correlation coefficient and partial correlation was 
performed to adjust for the influence of confounding variables. 
Based on the results of the bivariate correlations, the independence 
and significance of variables was tested by stepwise, multiple re
gression analysis. The significance level of P-values was set at 5%. 
Values are shown as mean and standard deviation. 

RESULTS 

Most variables were not significantly different between boys and 
girls (table 1). However, WHR was significantly higher in boys 
(0.95Ю.05) than in girls (0.91 ±0.05, p=0.0007). Measured SAT-
layers from the upper body and the trunk were not different be
tween boys and girls (table 2). SAT-layers 11 -front thigh 
(p=0.044), 13-rear thigh (p=0.0037), and 15-calf (p=0.0015) 
showed significantly greater values in boys than in girls (Table 2). 

Pearson correlation between estimates of adiposity and blood pres
sure: 
A significant association was found between either SBP and DBP 
with body mass, BMI and FM in boys and girls (table 3). However, 
only in girls % FM was signifcantly associated with SBP and DBP 
(both pcO.Ol; table 3). When all children were combined, chrono
logical age was correlated to SBP (r=0.32, p=0.0016) and DBP 
(r=0.23, p=0.019). After adjustment for age, all estimates of adi
posity were significantly correlated to SBP and DBP in all children 
(all pcO.Ol, table 3). 
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Table 3. Pearson product moment correlation shows the association be
tween anthropometric characteristics, different estimates of body fat dis
tribution (Waist circf., Waist circumference; Hip circf., Hip circumfer
ence, 15 measured SAT-layers), and systolic and diastolic blood pressure 
in boys and girls. The first coefficient accounts for the association of the 
variable with systolic blood pressure, the second coefficient for diastolic 
blood pressure. Partial correlation was performed in all children with 
chronologic age as confounding variable. 

Parameters Boys Girls 
All children 
(adj. Age) 

Body mass 0.71$/ 0.39* 0.43t / 0.40t 0.43ф / 0.34t 

BMI 0.61 f/0.37* 0.43t / 0.44t 0.36t/0.38t 

FM 0.641-/0.37* 0.41t/0.39t 0.37t/0.32t 

%FM 0.22 / 0.20 0.35t/0.35t 0.28t/0.30t 

Waist circf. 0.521/0.28 0.37t/0.39t 0.30t / 0.29t 

Hip circf. 0.56f / 0.36* 0.40t / 0.38t 0.33t/0.31t 

1-neck -0.10/0.10 0.39t/0.38t 0.19*/0.28t 

2-triceps -0.24/-0.29 0.09/0.11 -0.10/-0.04 

3-biceps —0.19 / —0.14 0.31* / 0.19 0.08 / 0.07 
4-upper back -0.25/-0.15 0.21 /0.35t 0.04 / 0.22* 
5-front chest 0.23/0.16 0.16/0.09 0.19* /0.11 
6-lateral chest -0.21/0.03 0.29*/0.15 0.09 / 0.09 
7-upper abdomen -0.20/-0.04 -0.05 / 0.06 -0.02 / 0.09 
8-lower abdomen -0.10/0.06 -0.il/-0.15 0.02/-0.02 
9-lower back -0.31 / -0.12 0.03 / 0.20 -0.01/0.18 
10-hip -0.27/-0.12 -0.08 / -0.02 -0.07 / 0.01 
11-front thigh -0.24/-0.14 0.09/0.20 0.025/0.13 
12-lateral thigh -0.37* / 0.05 -0.07/0.175 -0.13/0.18 
13-rear thigh -0.23 / -0.24 —0.19/ —0.01 -0.13/-0.07 
14-inner thigh -0.07/-0.11 -0.06 / 0.05 -0.03/-0.25* 
15-calf -0.58t / -0.27 -0.14/-0.03 0.04/-0.07 

* p<0.05, t pcO.Ol ф pcO.OOOl 

Pearson correlation between estimates of body fat distribution and 
blood pressure: 
Waist circumference (Wc) and hip circumference (He) were sig
nificantly correlated to SBP in boys and girls (all pcO.Ol, table 3). 
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However, the association between waist circumference and DBP 
was significant in girls but not in boys. WHR was not associated 
with SBP and DBP (data not shown). 

After adjustment for age, Wc and He were significantly corre
lated to SBP and DBP at a p-level <0.01 in all children (table 3). 

Only two measured SAT-layers (12-lateral thigh, p<0.05 and 
15-calf, pcO.Ol) were inversely correlated to SBP in boys (table 3). 
In girls, SAT-layer 1-neck was correlated to SBP and DBP (both 
pcO.Ol), whereas SAT-layers 3-biceps and 6-lateral chest were 
correlated to SBP (both pc0.05). SAT-layer 4-upper back was as
sociated with DBP (pcO.Ol). 

In all children, SAT-layer 1-neck was correlated to SBP and 
DBP after adjustment for age (table 3). However, SAT-layer 5-
front chest was correlated to SBP (pcO.05) whereas SAT-layers 4-
upper back and 14-inner thigh (negative association) were corre
lated to DBP. 

Multiple regression analysis: 
Body mass contributed significantly to the variation in SBP and 
DBP in boys and in girls (table 4). However, estimates of body fat 
distribution contributed significantly to the variation in SBP in 
boys but not in girls. The regression model which included body 
mass together with SAT-layers 5-front chest and 6-lateral chest, 
explained 70% of the variation in SBP in boys (adj. R=0.83, 
pcO.OOOl) (table 4). 

In girls, estimates of body fat distribution contributed independ
ently to the variation in DBP (table 4). The best fitting model, 
which included Wc together with SAT-layers 4-upper back, 5-front 
chest, and 12-lateral thigh explained 35% of the variation in DBP 
(adj. R=0.59, pcO.OOOl). 



Table 4. Stepwise, multiple regression analysis with systolic and diastolic blood pressure as dependent variables. 
Calculations were performed for boys and girls separately, ß regression coefficient, SE standard error, adj. R2 adjusted 
R2 accounts for the percentage of the dependent variable(s) to contribute to the variability of the independent variable, 
adjusted for the number of the dependent variables included in the regression model. 

Dependent Variable: Systolic Blood Pressure Dependent Variable: Diastolic Blood Pressure 
Independent Variables ß SE adj. R2 Independent Variables ß SE adj. R2 

Boys Body mass 0.647 0.127 0.487 Body mass 0.178 0.084 0.12 
(n=29) Intercept: 77.25; pcO.OOOl Intercept: 48.2; pcO.OOOl 

Body mass 0.65 0.103 0.487 

SAT-layer 6 -1.45 0.33 0.61 

SAT-layer 5 0.923 0.335 0.696 

Intercept: 82.58: pcO.OOOl 

Girls Body mass 0.307 0.09 0.167 Body mass 0.424 0.089 0.145 
(n=56) Intercept: 100.82: pcO.OOOl SAT-layer 11 1.42 0.41 0.248 

SAT-layer 2 -0.658 0.29 0.304 
Intercept: 31.16; pcO.OOOl 

Waist circf. 0.495 0.121 0.138 
SAT-layer 12 1.06 0.466 0.247 
SAT-layer 5 -0.73 0.236 0.30 
SAT-layer 4 0.63 0.296 0.346 
Intercept: 13.99; pcO.OOOl 
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DISCUSSION 

We studied the association between different estimates of body fat 
distribution and blood pressure in obese children and adolescents. 
We found an independent influence of different subcutaneous adi
pose tissue layers (SAT-layers) on systolic blood pressure (SBP) in 
boys. In girls, waist circumference (Wc) together with three SAT-
layers contributed independently to the variation in diastolic blood 
pressure (DBP). However, body mass was a main determinant for 
the variation in SBP and DBP in boys and girls. 

It has been shown that a centripetal fat pattern, characterized by 
the logarithm of the ratio of the subscapular to lateral calf skinfold 
thicknesses had a small but significant association with systolic 
blood pressure in men after adjustment for age and adiposity [1]. 
However, centripetal fat pattern was associated with an abnormal 
lipid profile in women, raising the possibility that gender depend
ent differences may modulate the association between total adipos
ity and age on blood pressures [1]. In an obese population (age 
range 15-71 years), correlations between mean arterial blood pres
sure and measures of body composition and body fat distribution 
retained significant after control for insulin levels [23]. In obese 
women, the waist-to-hip ratio (WHR) was significantly correlated 
to systolic and diastolic blood pressure [11] whereas others failed 
to find an independent relationship between fat patterning and 
blood pressure in adolescents [22]. 

We found that the well documented link between body mass 
and blood pressure is also present in obese boys and girls of differ
ent age (table 3). However, the relationship between estimates of 
adiposity and either SBP and DBP were almost of the same mag
nitude in girls but not in boys. In boys, percentage fat mass (%FM) 
was no associate of blood pressures. Whether the relative small 
number of obese boys studied (n=29) may account for this, or a 
existing relationship between body composition and blood pressure 
was masked by the fact that those boys were at different stages of 
biological maturation, is not clear. Nevertheless, waist- (Wc) and 
hip circumference (He) were correlated to SBP in both genders 
suggesting that adipose tissue from different anatomical origin 



184 Body fat and blood pressure in obese children 

contribute to SBP. The resulting ratio of both circumferences 
(WHR) was no correlate of either SBP and DBP. It is questionable 
whether WHR is a valid estimate to describe a centripetal fat pat
terning in the state of childhood and adolescent obesity. It has been 
shown that waist circumference is an useful correlate of visceral 
adipose tissue accumulation not to be influenced by gender or by 
the degree of obesity [12]. This, in part could have contributed to 
the findings in girls. In girls, Wc was an independent associate of 
DBP in the body fat distribution regression model but not after 
adjustment for body mass (table 4). We used the newly developed 
optical device Lipometer [18] to measure the thickness of a subcu
taneous monolayer at 15 different body sites to describe the distri
bution of subcutaneous adipose tissue [19, 20]. In boys, only SAT-
layers 12-lateral thigh and 15-calf were significantly and inversely 
correlated to SBP. In girls, SAT-layers 1-neck, 3-biceps, and 6-
lateral chest were significantly and positively correlated to SBP 
(table 3). Whether this result suggest that an increase in SAT-
layers from the upper body has a biological relevance for an in
crease in SBP in girls, remains to be elucidated. However, SAT-
layers contributed independently to the variation in SBP in boys 
and to DBP in girls after adjustment for body mass (table 4). This 
suggest that the distribution of subcutaneous adipose tissue is asso
ciated with either SBP or DBP in a gender dependent way. It is 
unlikely that a different pattern of S AT-layers between boys and 
girls is responsible for this assumption. Only two SAT-layers from 
the lower extremities were different between boys and girls (table 
2). This indicates that the distribution of SAT-layers from the up
per body and the trunk does not strongly depend on gender and, 
probably, stages of maturation in these children. Combined, 
whether this could be a sign for a gender-different biological 
mechanism of subcutaneous adipose tissue distribution on the 
regulation of blood pressure, remains to be elucidated. Longitudi
nal studies are therefore warranted to investigate the relationship of 
SAT-layers with metabolic variables known to mediate some of the 
effects of body fat and body fat distribution on blood pressure, 
such as, e.g., insulin, glucose and leptin. 
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In conclusion, we found that different SAT-layers, measured by 
means of the optical device Lipometer, are associated with systolic 
blood pressure in obese boys and with diastolic blood pressure in 
obese girls. Nevertheless, body mass is a main and independent 
contributor to the variation in blood pressure in the state of child
hood and juvenile obesity. 
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