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Introduction

Coaches pursue varying training
objectives based on the particular
period of training. Gymnasts, much like
sprinters, perform in both aerobic and
anaerobic conditions (Jemni, 2000; Sands,
1998). During intense sessions, gymnasts
are asked to perform routines while
fatigued. They are often asked to find the
best compromise among technical
effectiveness, safety, and high intensity
effort. Gymnasts seldom exceed 16 min of
real effort per 2 hours during such training
session. How can we improve training
volume without inducing fatigue? Fatigue in
gymnastics is more than a simple
physiological problem. Fatigue-related falls

Methods

Subjects

welve male volunteer gymnasts (21.8 +
2.4 yr) participated in the study. The
Gymnasts competed in national (n = 9) or
international levels (French National Team
members, n = 3). Descriptive physical
information is shown in Table 1. A treadmill

in gymnastics often lead to injury (Kolt and
Kirkby, 1999; Sands, 2000a; Tesch, 1980;
Tesch et al., 1978).

The effect of 2 kinds of recovery was
examined during gymnastics practice
(Jemni 2000b). The purpose of this study
was to compare the effects of combined
and passive recovery between the six
men's gymnastic events on BL
concentration and performance. By
comparing the recovery methods during
gymnastic sessions, we hoped to
determine guidelines that could assist
gymnasts in reducing their BL between
competitive events and improve training
volume.

test was used to measure gymnasts’ cO;
max 1N @ secondary study (protocol
published by Toraa and Friemel, 2000).
Individual anaerobic thresholds (OBLA)
(Sjédin  and  Jacobs, 1981) and
corresponding heart rates (HRs) were
determined.

Table 1: Physiologic characteristics of the gymnasts

Age B. mass
year kg Cm

Height

HR at OBLA
b.min”’

B. fat (%)
4 skinfolds

QOZ max
ml.kg”".min™

Mean (SD) 21.8 (2.4) 67.49 (7.95) 168.21 (5.96) 10.29 (1.53) 48.30 (4.33) 168,42 (4,03)

OBLA: Onset of Blood Lactate Accumulation (Sjédin and Jacobs, 1981)



Protocol

The tests involved simulations of
gymnastics competitions as described
in an earlier study (Jemni et al., 2000c)
(Figure 1). Two expert national judges
judged each gymnast's performance.

Each of the six event performances
(routines) was separated by 10 min of
recovery. Three blood samples (25 ul)
were taken from a hyperaemic earlobe: 2, 5
and 10 min after each event. The
determination of BL was performed by a
micro-enzymatic method with a Microzym
L-analyzer.

The HRs of the gymnasts were
continuously monitored by a Bauman and
Haldi Sport-tester BHL 6000. Gymnasts
were required to warm-up for the next
event just after having their blood samples
taken at the tenth recovery-minute (3 min
specific warm up).

Each gymnast performed two recovery
protocols. Protocols were randomized so
that during a given session gymnasts
performed passive or combined recovery
as follows:

- Rest protocol: During each 10 min
recovery period of the competition session,
gymnasts rested in a sitting position.

- Combined protocol: Gymnasts rested
during the first 5 min of the recovery period
and then performed 5 min of self-selected
active recovery immediately following the
5" min blood sample. The gymnasts
typically performed light running separated
by handstands, single somersault
movements and swings to handstand on
the parallel bars. HR was used to monitor
and control activity during recovery periods.
Gymnasts were instructed to maintain a
modestly high HR value (approximately
145 b.min™), but not to exceed their
individual anaerobic threshold values (170
+ 8 b.min™") that were determined earlier
(Stamford et al., 1981; Weltman et al.,
1979).
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Results and Discussion
Blood lactate

lood lactate information is shown in

Figures 2 and 3. Considerable
variability was observed among individual
BLmax Values (from 2.21 mmol.1" at the
vault event to 11.64 mmol.1™" at the floor
exercise event).

Mean BLnyax accumulation across all six
events during the combined recovery
protocol was higher, but not statistically
different (p > .05), than that of the rest
protocol (648 + 191 vs 3.79 + 1.09
mmol.1" respectively).

BLmax Values varied between events during
the same protocol. The highest event value
of the rest recovery protocol was floor
exercise (Figure 2) which was significantly
higher than the other event averages (p <
0.5). The highest BLmax event value
observed during the combined recovery
protocol was the still rings (Figure 3). The
vaulting BLmax value was significantly lower
than the other events during both protocols
(p < .05).

Higher levels of lactate may be indicative of
higher energy output and increased
intensity of performance, not simply an
increased fatigue stimulus (Bar-Or et al.,
1980; Olbrecht, 2000). High performance is
correlated to high blood and muscular
lactate value during intense anaerobic
exercises. Indeed, lactate production
depends on age, diet, training
characteristics, intensity of activities, and
level of fitness (Gaesser and Poole, 1988;
Gaul et al., 1995; Tolfrey and Armstrong,
1995; Yoshida, 1986). The fact that better
performances result in  higher BL
concentrations may mean also that the
athletes are simply using more of their
anaerobic fitness and thus producing
higher forces as reflected in their higher BL
concentrations.

BlLmax values of the different events were
comparable with those found in the recent
literature (Goswami and Gupta, 1998;
Lechevalier et al., 1999; Montpetit, 1976,
Rodriguez et al. 1999)
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Figure 2: Blood lactate evolution during rest recovery protocol

v : (AgL) represents the difference in BL values between the peak value and the value obtained after 10 min recovery.
[T significantly different if compared with the other event averages (p<.05).



Figure 3: Blood lactate evolution during the combined recovery protocol
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t the end of the 10 min recovery

periods, BL values were usually higher
than the corresponding rest values before
each protocol. Thus, recovery between
events was generally not complete. The 10
min recovery BL values were considered
the starting values for the next apparatus.

As can be seen in Figures 2 and 3, Ag_
indicates the difference in BL values
between the peak value and the value
obtained after 10 min recovery. These

e conclude that moderate activity

during  the  recovery  period
maintains an adequate blood flow and may
improve lactate oxidation and clearance.
Lactate can be converted to glucose and
protein. However, lactate oxidation in
skeletal muscle is the most important
mechanism  responsible  for lactate
clearance during exercise (Brooks, 1986;
Gaesser and Brooks, 1979; Hermansen et
al., 1975; Hermansen and Stensvold, 1972;
Hubbard, 1973). The use of isotopic tracers
in active and inactive skeletal muscles has

differences give an indication of the
metabolic recovery after each event.

The combined recovery protocol
percentages of Ag_ across all events were
significantly greater (p < .05) than that of
the rest protocol (40.51 % vs 22.02 %).
Gymnastics events varied with regard to
AgL as well. BL concentration during the
combined protocol was significantly less (p
< .05) than that of the rest protocol during 4
events: pommel, rings, parallel bars and
horizontal bar (Figure 3).

demonstrated that lactate is used as a
substrate and ultimately converted to CO;
and H,0 (Corsi et al., 1972; Graham, 1978;
Granata et al., 1976; Jorfeldt, 1970;
Stanley et al., 1986; Yoshida and Watari,
1993). Lactate, which is produced primarily
as a result of type IIb fiber recruitment, is
transported to Type | or lla fibers, where it
is oxidized. Indeed, a relationship exists
between lactate removal and the
percentage of slow twitch fiber, which is in-
turn related to the metabolic features of
these fibers (Wasserman et al., 1987,
1989). Lactate can be used as a substrate
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for ST fibers during low intensity activity
because the ST fibers are more dominant
in such activities (Andersen, 1975; Bonen
and Belcastro, 1976; Bonen et al., 1978;
Brooks, 1986).

Previous studies revealed that exercise
recovery at work loads below the anaerobic
threshold is more effective, with respect to
lactate reduction, than above anaerobic

Gymnastics performance

he mean performance values of each

event and protocol performances are
shown in Table 2. Combined recovery
protocol performances were significantly
improved (p < .05) than those of the rest
protocol. Total scores were: 42.80 + 6.82
vs 38.39 + 7.55, respectively. A statistically
significant difference was observed only
between floor exercise performances
(Table 2). Gymnast performance was
significantly correlated with maximal BL
only during the combined protocol (Figure
4).
This means: increase in BLmax
concentration is accompanied by an

threshold (Stamford et al., 1981; Weltman
et al., 1979). The use light workloads for
recovery is based on the notion that higher
workloads will result in an increased
imbalance between the rate of lactate
production and clearance. In our study,
gymnasts performed 5 min free active
recovery during the combined protocol.
Exercise intensity was below anaerobic
threshold (controlled by heart rate).

increase in performance during the
combined protocol.

In order to examine the effects of the
recovery protocols on performance, the
difference between start value and real
score attributed at each event (Ascore) Was
calculated. No statistically significant
difference between protocol Agcores Was
found. A significant correlation was only
found between Ag. and Agere Of the
combined recovery protocol (r = -0,75; p <
.05) (Figure 5). This means: the higher the
BL disappearance, the closer the gymnast
came to the maximum possible score.

Table 2: Mean values of Gymnastics performances per event and per protocol

Protocol Floor

Pommel Rings Vault

Parallel Horizontal Total Score A

Rest 6,63 (1,33) 5,19 (2,28) 6,33 (1,44) 8,05 (1,03) 6,17 (1,32) 5,99 (1,85) 38,39 (7,55) 1,92 (0,45)

Combined 7,25 (1,15)° 6,56 (1,77) 6,95 (1,57) 8,39 (0,61) 6,81 (1,23) 6,64 (1,43) 42,80 (6.82)° 1,76 (0,54)

s: significantly different (p<0.05) between protocols.

he improvement in total performance

score of the combined recovery
protocol is considerable as all gymnasts
performed the same routines in both
protocols.  The  significant  difference
between protocol scores, and the
significant correlation between Ag, and A
score, lacilitates the interpretation of the
relationship between BL reduction and

gymnastic performance. Indeed, Ag
increased while Ascore decreased. This
means, decreased BL concentrations are
linked to better performance. Numerous
investigations have reported that lactate
removal from the blood (i.e., lower
concentration) following exercise is of great
importance in improving the subsequent
performance,  particularly ~ when  the



exercise s repeated at high
(Ahmaidi et al.,

intensity
1996, Bogdanis et al.,

Heart rate

Mean and SD of heart rates are shown
in Table 3. Performances on
gymnastic events resulted in high HR
values. No statistically significant difference
between protocol HRs were found except
at the 10™ min which showed a higher HR
value during the combined protocol.

Mean vault heart rate values were
significantly less than those of all other

1994, 1996).

events during both protocols. Differences
between apparatuses were shown as
horizontal bar resulted in the highest peak
HR values during both protocols. Mean HR
values during both protocols were 175.78 +
6.28 b.min”. After a 10-minute recovery
period, HRs were usually greater than their
resting values.

Table 3: Mean values (+ SD) of peak, average, and after 10
Recovery minute heart rate at each event per protocol in b.min™

Peak Mean 10 min Recovery
Rest protocol M 172.81 162.06 98.74
SD (12.69) (7.30) (2.48)
Combined protocol M 175.96 160.80 135.53
SD (9.24) (6.82) (5.86)°

s: significantly different (p < .05) if compared with the other protocol.

he HR values measured during
gymnastic routines in ths study were
high (Table 3). These values should not be
used as a direct indication of effort
intensity. It is difficult to interpret HR

energetic significance because of the lack
of a steady state condition in the
performance, and the short duration of the
routines. An increase in HRs just before the
beginning of each event has been noticed.

Figure 4: Relationship between score (performance) and maximal blood lactate
concentration.
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Figure 5: Relationship between Agcore (Performance) and Ag. (BL disappearance)
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his HR increase may be partially
explained by an increase in
catecholamines due to anticipatory
responses. However, given the upper
body involvement in  gymnastics

Conclusion

During intense gymnastic sessions,
gymnasts produce moderately high
lactate values. This study shows that a
combined recovery inserted between
repetitions may be of great importance to
the gymnast. Lactate clearance is higher
when gymnasts used 5 min rest and 5 min
self-selected active recovery with intensity
below the lactate threshold. Gymnasts
improved their performance when using

Acknowledgements

We gratefully acknowledge all gymnasts
how participated to this study especially
from the "INSEP French pole",
"Champigny sur Marne Red Star team,
gymnastics section" and "Morsang Sur

Corresponding Author

Dr. Moném Jemni Ph.D.

activities, it is possible the high HRs are
partially due to the interthoracic
pressures associated with maximal
upper body efforts and breath holding
(Boileau et al., 1984).

this kind of recovery. This recovery may be
used during the competitive period in which
gymnasts usually have to repeat their six
events more than twice in one session
which is common during training and
simulated competitions during training.
Because gymnastics shows a relatively
high injury rate, and fatigue is often related
to injury, this may assist gymnasts in
reducing the likelihood of injury.

Orge team" as well as their coaches. We
also thank all the medical staff (especially
Sylviane Catala and Christian Larger) and
judges  who participated in  the
experimentation.



E-mail: monemj@hotmail.com
References

Ahmaidi, S., Garnier, P., Taoutaou, Z., Mercier, J.,
Dubouchaud, H., and Prefaut, C. (1996).
Effect of active recovery on plasma lactate
and anaerobic power following repeated
intensive exercise. Med. Sci. Sports Exer.
28(4), 450-456.

Andersen, P. (1975). Capillary distribution in
skeletal muscle of man. Acta Physiol. Scand.
95, 203-205.

Bar-Or, O., Dotan, R., Inbar, O., Rothstein, A,
Karlsson, J., Tesch, P. (1980). Anaerobic
capacity and muscle fiber type distribution in
man. Int. J. of Sports Med. 1, 82-85.

Belcastro, A.N, and Bonen, A. (1975). Lactic acid
removal rates during controlled and
uncontrolled recovery exercise. J. Appl.
Physiol. 39, 932-936.

Bogdanis, G.C., Nevill M.E., and Lakomy, H.K.
(1994). Effects of previous dynamic arm
exercise on power output during repeated
maximal sprint cycling. J. Sports Sci. 12(4),
363-370.

Bogdanis, G.C., Nevill, M.E., Boobis, L.H., Lakomy,
H.K., and Nevill, A.M. (1995). Recovery of
power output and muscle metabolites
following 30 s of maximal sprint cycling in
man. J. Physiol. 482, 467-480.

Bogdanis, G.C., Nevil, M.E., Lakomy, HK.,
Graham, C.M., and Louis, G. (1996). Effects
of active recovery on power output during
repeated maximal sprint cycling. Eur. J Appl.
Physiol. Occup. Physiol. 74(5), 461-469.

Boileau, R.A., McKeown, B.C., and Ryner, W.F.
(1984). Cardiovascular and metabolic
contributions to the maximal aerobic power of
the arms and legs. Int. J. Sports Cardiol. 1,
67-75.

Bond, V., Adams, R., Tearney, R., Gresham, K.,
and Ruff W. (1991). Effects of active and
passive recovery on lactate removal and
subsequent isokinetic muscle function. J.
Sports Med. Phys. Fitness. 31(3), 357-361.

Bonen, A., and Belcastro, A.N. (1976). Comparison
of self-selected recovery methods on lactic
acid removal rates. Med. Sci. Sports. 8, 176-
178.

Bonen, A., and Belcastro, AN. (1977). A
physiological rational for active recovery
exercise. Can. J. Appl. Sport Sc. 2, 63-65.

Bonen, A., Campbell, C.J., Kirby, R.L., and
Belcastro, A.N. (1978). Relationship between
slow-twitch muscle fibers and lactic acid
removal. Can. J. Appl. sport Sci. 3, 160-162.

Brooks, G.A. (1986). The lactate shuttle during
exercise and recovery. Med. Sci. Sports
Exerc. 3, 360-368.

Brooks, G.A., Butterfield, G.E., Wolfe, R.R., Groves
B.M., Mazzeo R.S., Sutton J.R., Wolfe E.E.,
and Reeves J.T. (1991). Decreased reliance
on lactate during exercise after
acclimatization to 4300 m. J App! Physiol. 71,
333-341.

Cazorla, G., Montpetit, R., and Dufort, C. (1987).
Lactate sanguin et récupération en natation.
Science et Motricité. 3, 30-38.

Corsi, A., Midrio, M., Granata, A.L. Corgnati, A., and
Wolf, D. (1972). Lactate oxidation by skeletal
muscle in vivo after denervation. Am. J.
Physiol. 223, 219-222.

Davies, C.M.T., Knibbs, V., and Musgrove J. (1970).
The rate of lactate acid removal in relation to
different baselines of recovery exercise. Int.
Z. Angew. Physiol. 28, 155-161.

Dodd, S., Powers, S., Callender, T., and Brooks E.
(1984). Blood lactate disappearance at
various intensities of recovery exercise. J.
Appl.  Physiol. Resp. Environ. Exercise
Physiol. 57(5), 1462-1465.

Donovan, C., and Brooks, G.A. (1983). Endurance
training affects lactate clearance, not lactate
production. Am. J. Physiol. 244(7), ES3-E92.

Durnin, J., and Rahaman, M. (1967). The
assessment of the amount of fat in the human
body from measurement of skinfold
thickness. British J. Nuftrition. 21, 68-72.

Duvallet, A., Rautu, L., Thieulart, L., Thomaidis, M.,
Rieu, M. (1987). Valeur de la lactatémie de
repos chez le sportif de haut niveau.
Cinésiologie Supp. 112, 9-18.

Foster, C., Schrager, M., and Snyder, A.C. (1995).
Blood lactate and respiratory measurement of
the capacity for sustained exercise. In: P.J.
Maud and C. Foster (Eds.), Physiological
assessment of human fitness. (pp. 57-72).
Champaign, lllinois: Human Kinetics.

Gaesser, G.A, and Brooks, G.A. (1979). Metabolism
of lactate after prolonged exercise to
exhaustion. Med. Sci. Sports. 1, 76.

Gaesser, G.A., Poole, D.C. (1988). Blood lactate
during exercise: Time course of ftraining
adaptation in humans. Int. J. of Sports Med.
9, 284-288.

Gaul, C.A., Docherty, D., Cicchini, R. (1995).
Differences in anaerobic performance
between boys and men. Int. J. of Sports Med.
16(7), 451-455.

Gisolfi, C., Robinson, S., and Turrell, E.S. (1966).
Effect of aerobic work performed during

8



recovery from exhausting work. J. Appl.
Physiol. 21, 1767-1772.

Goswami, A., and Gupta, S. (1998). Cardiovascular
stress and lactate formation during gymnastic
routines. J. sports Med. Physical. Fitness. 38,
317-322.

Graham, T.E., Sinclair, D.G, and Chapler, C.K.
(1976). Metabolic intermediates and lactate
diffusion in active dog skeletal muscle. Am. J.
Physiol. 231, 766-771.

Graham, T.E. (1978). Oxygen delivery and blood
and muscle lactate changes during muscular
activity. Can. J. Appl. Sport. Sci. 3, 153-159.

Granata, A.L., Midrio, M., and Corsi, A. (1976).
Lactate oxidation by skeletal muscle in vivo.
Pflugers Arch. 366, 247-250.

Hermansen, L., and Stensvold, . (1972). Production
and removal of lactate during exercise in
man. Acta Physiol. Scand. 86, 191-201.

Hermansen, L., Maehlum, S., Pruett, E.D.R,
Vaage, O., Waldum, H., and Wessel-Aas, T.
(1975). Lactate removal at rest and during
exercise. In H. Howald and J.R. Poortmans
(Eds.), Metabolic adaptation to prolonged
physical exercise (pp. 101-105). Basel,
Switzerland: Birkhauser Verlag publisher.

Hubbard, J.L. (1973). The effect of exercise on
lactate metabolism. J. Physiol. 1, 18.

International Gymnastics Federation (FIG). (1997).
Code of Points - Men's artistic gymnastics.
(Moutier, Switzerland)

Jacobs, I. (1981). Lactate, muscle glycogen and
exercise performance in man. Acta Physiol.
Scan. Supp. 495, 1-35.

Jemni, M. (2000a). Planification de I'entrainement
de haut niveau. Gym Technic. 31, 17-20
Jemni, M., Friemel, F. (2000b). Etude de Ia
lactatémie entre les agrés lors de quatre
séances d'entrainement de gymnastique
masculine. 2émes Journées Internationales

de 'AFRAGA. 2-4 Mai. Rennes, France.

Jemni, M., Friemel, F., Lechevalier, J.M., and
Origas, M. (2000c). Heart rate and blood
lactate concentration analysis during a high
level men’s gymnastics competition. J.
Strength Cond. Res. 14, 389-394.

Jemni, M., Friemel, F., Sands, W., and Mikesky, A.
(2001). Evolution du profil physiologique des
gymnastes durant les 40 derniéres années
(revue de littérature). Can. J. Appl. Physiol.
26, 356-370.

Jorfeldt, L. (1970). Metabolism L - (+) - Lactate in
human skeletal muscular during exercise.
Acta Physiol. Scan. Suppl, 338: 5-67.

Karlsson, J., Hulen, B., and Sjodin, B. (1974).
Substrate activation and product inhibition of
LDH activity in human skeletal muscle. Acta
Physiol. Scand. 92, 21-26.

Karlsson, J., Sjodin, B., Thorstensson, A., Hulten,
B., and Frith, K. (1975). LDH isozymes in
skeletal muscle of endurance and strength
trained athletes. Acta Physiol. Scand. 93,
150-156.

Klausen, K., Knuttgen, G., and Forster, H. (1972).
Effect of preexisting high blood lactate
concentration on maximal exercise
performance. Scand. J. Clin. Invest. 30, 415-
419.

Kolt, G.S., and Kirkby, R.J. (1999). Epidemiology of
injury in elite and subelite female gymnasts: a
comparison of retrospective and prospective
findings. Br. J. Sports Med. 33(5), 312-318.

Lechevalier, J.M., Origas, M., Stein, J.F., Fraisse,
F., Barbierie, L., Mermet, P., Thoulé, B.,
Colombo, C., Friemel, F., and Jemni, M.
(1999). Comparaison de 3 séances
d’entrailnement-type chez des gymnastes
espoirs: Confrontation avec les valeurs du
métabolisme enregistrées en laboratoire.
Gym Technic. 27, 24-31.

Montgomery, D.L., and Beaudin, P.A. (1982). Blood
lactate and heart rate response of young
females during gymnastic routines. J. Sports
Medicine. 22, 358-364.

Montpetit, R. (1976). Physiology of gymnastics. In
J.H. Salmela (Eds.), The advanced study of
gymnastic (pp. 183-214). Springfield: C.
Thomas Publisher.

Olbrecht, J. (2000). The science of winning.
Swimshop, Lutton, England.

Parra, J., Cdefau, J.A., Amigo, N., and Cusso, R.
(2000). The distribution of rest periods affects
peformance and adaptation of energy
metabolism induced by high intensity training
human muscle. Acta Physiol. Scand. 169(2),
157-165.

Rodriguez, F.A., Marina, M., and Boucharin, E.
(1999). Physiological demands of women’s
competitive gymnastic routines. 4" Annual
Congress of the European College of Sport
Science. (pp. 430). Rome.

Roi, G., Mevio, M., Occho, G., Gemma, S., and
Facchini, R. (1989). Functional assessment
of high level Ice-dancing. J. Sports Med. and
Physical Fitness. 2, 198-194.

Rusko, H., Luhtanen, P., Rahkila, P., Viitasalo, J.,
Rehunen, S., and Harkonen, M. (1986).
Muscle metabolism, blood lactate and oxygen
uptake in steady state exercise at aerobic
and anaerobic thresholds. Eur. J. Appl.
Physiol. Occup. Physiol. 55(2), 181-186.

Sands, W. (1998). A look at training models.
Technique. 19, 6-8.

Sands,WA. (2000a). Injury prevention in women's
gymnastics. Sports Med. 30(5), 359-373.



Sands,WA (2000b). Olympic Preparation Camps
2000 Physical Abilities Testing. Technique.
20(10), 6-19.

Signorile, J.F., Ingalls, C., and Tremblay, LM.
(1993). The effect of active and passive
recovery on short-term, high intensity power
output. Can. J. Appl. Physiol. 18, 31-42.

Sjédin, D., and Jacobs, I. (1981). Onset of blood
lactate accumulation and marathon running
performance. Int. J. Sports Med. 2, 23-26.

Stainsby, W., and Brooks, G.A. (1990). Control of
lactic acid metabolism in contracting muscles
and during exercise. Exerc. Sport Sci. Rev.
18, 29-63.

Stamford, B.A., Weltman, A., Moffat, R., and Sady,
S. (1981). Exercise recovery above and
below the anaerobic threshold following
maximal work. J. Appl. Physiol. 51, 840-844.

Stanley, W.C., Gertz, E.W., Wimeski, J.A., Neese
R.A., and Brooks G.A. (1986). Lactate
extraction during net lactate release in legs of
humans during exercise. J. Appl. Physiol. 60,
1116-1120.

Stanley, W.C., Wisneski, J.A., Gertz, E.W., Neese,
R.A., and Brooks G.A. (1988). Glucose and
lactate interrelations during moderate-
intensity exercise in humans. Metabolism.
37(9), 850-858.

Tesch, P. (1980). Muscle fatigue in man with special
reference to lactate accumulation during short
term intense exercise. Acta Physiol. Scand.
Suppl. 480, 1-40.

Tesch, P., Sjodin, B., Thorstensson, A., and
Karlsson, J. (1978). Muscle fatigue and its
relation to lactate accumulation and LDH
activity in man. Acta Physiol. Scand. 103, 413-
20.

Tesch, P., and Wright, J. (1983). Recovery from
short term intense exercise: Its relation to
capillary supply and blood lactate
concentration. Eur. J. Appl. Physiol. 52, 98-
103.

Tolfrey, K., Armstrong, N. (1995). Child-adult
differences in whole blood lactate responses
to incremental treadmill exercise. British J. of
Sports Med. 29(3), 196-199.

Toraa, M., and Friemel, F. (2000). Fatigue of the
respiratory muscles due to maximal exercise
on 2 different ergometers. Can. J. Appl.
Physiol. 25(2), 87-101.

Wasserman, D.H., Lacey, D.B., Green, D.R,
Williams, P.E., and Cherrigton, A.D. (1987).
Dynamics of hepatic lactate and glucose
balances during prolonged exercise and
recovery in the dog. J. Appl. Physiol. 63,
2411-2417.

Wasserman, D.H., Williams, P.E., Lacey, D.B,,

Goldstein, R.E., and Cherrigton, A.D. (1989).
Exercise induced fall in insuline and hepatic

carbohydrate metabolism during muscular
work. Am. J. Physiol. 256, E500-E509.

Weltman, A., Stamford, B.A., Moffatt, R.J., and
Katch L. (1977a). Blood lactate
disappearance after supramaximal one-leged
exercise. J. Appl. Physiol. Environ. Exercise
Physiol. 45, 244-248.

Weltman, A., Stamford, B.A., Moffatt, R.J., and
Katch, L. (1977b). Exercise recovery, lactate
removal, and subsequent high intensity
exercise performance. Res. Q. 48, 786-796.

Weltman, A., Stamford, B.A., and FuLco, C. (1979).
Recovery from maximal effort exercise:
lactate disappearance and subsequent
performance. J. Appl. Physiol. 47, 677-682.

Yki-Jarvinen, H., Bogardus, C., Foley, J. (1990).
Regulation of plasma lactate concentration in
resting human subjects. Metabolism. 39, 859-
864.

Yoshida, T. (1986). Effect of dietary modifications
on anaerobic threshold. Sports Med. 3, 4-9.

Yoshida, T., and Watari, H. (1993). *'P-nuclear
magnetic resonance spectroscopy study of
the time course of energy metabolism during
exercise and recovery. Eur. J. Appl. Physiol.
Occup. Physiol. 66(6),494-499.

10



