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Overtraining and Recovery
A Conceptual Model

Goran Kenttd and Peter Hassmén

Department of Psychology, Stockholm University, Stockholm, Sweden

Abstract

Fiercer competition between athletes and a wider knowledge of optimal train-
ing regimens dramatically influence current training methods. A single training
bout per day was previously considered sufficient, whereas today athletes regu-
larly train twice a day or more. Consequently, the number of athletes who are
overtraining and have insufficient rest is increasing.

Positive overtraining can be regarded as a natural process when the end result
is adaptation and improved performance; the supercompensation principle —
which includes the breakdown process (training) followed by the recovery pro-
cess (rest) — is well known in sports. However, negative overtraining, causing
maladaptation and other negative consequences such as staleness, can occur
Physiological, psychological, biochemical and immunological symptoms must
be considered, both independently and together, to fully understand the ‘staleness’
syndrome. However, psychological testing may reveal early-warning signs more
readily than the various physiological or immunological markers.

The time frame of training and recovery is also important since the conse-
quences of negative overtraining comprise an overtraining-response continuum
from short to long term effects. An athlete failing to recover within 72 hours has
presumably negatively overtrained and is in an overreached state. For an elite
athlete to refrain from training for >72 hours is extremely undesirable, highlight-
ing the importance of a carefully monitored recovery process.

There are many methods used to measure the training process but few with
which to match the recovery process against it. One such framework for this is
referred to as the total quality recovery (TQR) process. By using a TQR scale,
structured around the scale developed for ratings of perceived exertion (RPE),
the recovery process can be monitored and matched against the breakdown (train-
ing) process (TQR versus RPE). The TQR scale emphasises both the athlete’s
perception of recovery and the importance of active measures to improve the
recovery process. Furthermore, directing attention to psychophysiological cues
serves the same purpose as in RPE, i.e. increasing self-awareness.

This article reviews and conceptualises the whole overtraining process. In
doing so, it (i) aims to differentiate between the types of stress affecting an ath-
lete’s performance; (ii) identifies factors influencing an athlete’s ability to adapt
to physical training; (iii) structures the recovery process. The TQR method to
facilitate monitoring of the recovery process is then suggested and a conceptual
model that incorporates all of the important parameters for performance gain
(adaptation) and loss (maladaptation).
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1. Definitions, Symptoms and Time the conditions overreached and staleness are usec
Frame of Overtraining and its Effects and are considered to be at opposite ends of an
overtraining-response continuum. An athlete fail-
Modern-day sport, particularly at the elite level, ing to recover within 72 hours has presumably neg-
is fiercely competitive. With more information atively overtrained and is in an overreached state
now available from sports-related research, exera short term effect). The long term effect (stale-
cise scientists, coaches and athletes know morgess) results from more severe overtraining, is at
today about optimal training regimens than evethe other end of this continuum.
before. Consequently, training methods have Qriginally, ‘burnout’ was most often used in the
changed dramatically:! literature in connection with studies of the human
Training for success has increasingly become gervice and help professiol¥. More recently,
balance between achieving peak performance angmith1ll extended the use of the term burnout to
avoiding the negative consequences of overtrainnclude athletes. There is, however, some disagree-
ing. Training volumebelowwhat can be consid- ment about whether burnout really should include
ered optimal do not result in the desired adaptatiorstale’ athletes or not. Raglfh has argued that
(i.e. the greatest possible gain in performance)purnout should be distinguished and viewed sepa-
whereas training volumeovethe optimum may, rately from staleness. The main difference between
among other things, lead to a condition usuallythe 2 related syndromes, according to Ra@liis
referred to as the ‘overtraining syndrome’, ‘stale-that loss of motivation (and withdrawal in severe
ness’or ‘burnout’. Hard training can apparently becases) is a central characteristic of burnout but not
the formula for both success and failure. of staleness. A stale athlete may still be highly
To date, rest (physical inactivity) is the bestmotivated to continue training and may even in-
known treatment for athletes who have reached agrease the training load to compensate for a de-
undesirable state because of prolonged excessigease in performance. Thus, it is important to con-
training 281 Rest, however, is avoided by most ath-sider them separately.
letes since it is diametrically opposed to their in-  Taken together, the various terms used seem,
stinctive response when a decline in performanceevertheless, to describe a single syndrome, most
occurs. Highly motivated athletes and coaches usisiten referred to in the literature as the staleness (or
ally respond to a plateau or drop in performanceyertraining) syndrom®:5:6.9.1213IMany negative
with increases in the training lo&f! Con-  consequences have been associated with this syn-

sequently, it has been asserted that the greategiome, and some of those most commonly reported
training-related factor leading to negative states isnclude:

a failure to include enough recovery in the training, poorer performance
programn_wé}l It follows that an imbalance be- |, ¢oere fatigue
tween tralmng and recovery will have mild to se- muscle soreness
vere negative consequences on performéhce. N
o + overuse injuries

There are no generally accepted definitions for .
the terminology concerning the negative conse’ rgduced appetite
quences associated with excessively hard physical disturbed sleep patterns
training. Furthermore, the terms used have differ* Mood disturbances
ent meanings in different contexts. Terms used in  immune system deficits
connection with overtraining include overtraining * concentration difficultie§:2:14.15]
syndrome, overtrained, overstrained, overused, In addition, decreased submaximum and max-
overworked, overstressed, overreaching, stagnamum heart rates, decreased maximum oxygen up-
tion, staleness, staleness syndrome, burnout artdke, as well as decreased submaximal and maximal
chronic fatigue syndronié4579 In this article, lactate levels, have also been reported in connec-
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Overtraining and Recovery 3

tion with the negative consequences of too muching process. An athlete failing to recover within 72
training with too little recoverif:16] Many of the  hours of training has presumably worked too hard
variations reported in the literature are, howeverand thereby experiences negative overtraining and
equivocal. That is, some studies associate stalenesan be considered to be in an overreached state.
with increases in some specific variable, such aghis time frame is chosen from the elite athlete’s
heart rate, whereas other studies associate stalengssrspective; if >72 hours are needed to recover,
with decreases with that varialite:'¥/One possi-  this is definitely regarded as a failure in the training
ble explanation might be that different forms of programme. The fierce competition among elite
staleness exist. athletes means that a loss of training days and dis-
Two distinct and separate types of stalenessupted training (i.e. forced rest for >72 hours)
have also been proposed, namely the sympathetigould be extremely undesirable. Thus, our defini-
and parasympathetic overtraining syndrofd€s!  {jon of positiveovertraining conforms to the defi-
The sympathetic form is characterised by increasegition of the overtraining process by Ragfh.
sympathetic activity at rest while the parasympa- | aqdition, Morgan et &fl emphasised the need
thetic form is characterised by decreased sympag, view, define and separate treuse(process) and
thetic activity with parasympathetic activity dom- consequence (product) of overtraining. Raglin
inating at rest and during exercise. It is believedater gefined the training stimulus as * . . . an over-

that the sympathetic overtraining syndrome is anyaining process involving progressively increased
intermediate stage before parasympathetic OVergining to a high absolute level that is in excess of

training. Markers associated with parasympatheticmore routine training undertaken to maintain per-

overtraining are low resting heart rate and rela’formance’. Raglin’s definition actually describes 3

e, e et 2 fagres ofvaning. () cvrianing (n 11 caso
: . ositive overtraining) for eliciting gains in perfor-
resting and exercise heart rafe$!7] 9) 99 P

. . ance; (ii) maintenance training to remain at a cer-
Based on the aforementioned observations an

. o ; . ain level of performance; and (iii) undertrainin
the problems identified, the aim of the remainder pertorn - (i) o 9
when the stress is insufficient to maintain perfor-

of this article is to: (i) review and conceptualise the T .
mance (resulting in a decrease in performance).

overtraining process; (ii) differentiate between the ; - .
. Negative overtraining may result in the same de-
various types of stress that may affect an athlete’s

performance; (iii) identify factors that may affect crease In performance ca_pgcﬂy as undertraln_lng,
the athlete’s ability to adapt to physical training; Wh'(.:h Is noteworthy. Al tralnlng programmes wil
and (iv) structure the recovery process. In additionfa”, ",“O one of these categone;. Hence,. the actual
a new method called total quality recovery (TQR)’[rammg performed (process) will determine the re-
is suggested to facilitate monitoring of the recov-SUlt (produc;t). _ _ _

ery process in order to reduce some of the negative 'Y &t all”) defined 4 major categories of symp-
effects associated with hard physical training.[0Ms associated with the staleness syndrome,
Finally, a conceptual model is presented whichnamely:

incorporates all of the parameters thought to be ot Physiological symptoms

importance for performance gains (i.e. adaptationf PSychological symptoms

or performance losses (maladaptation). * biochemical symptoms
e immunological symptoms.

1.1 Markers and Symptoms of the Negative To date, studies of the staleness syndrome have
Effects of Overtraining often tried to identify reliable early-warning signs
(markers) to prevent the undesired negative out-
The difference betweepositive and negative  come of hard physical training. Although observed
overtraining depends on the outcome of the trainphysiological and biochemical symptoms have

0 Adis International Limited. All rights reserved. Sports Med 1998 Jul; 26 (1)



4 Kenttd & Hassmén

been effective in confirming the staleness syn-or immunological markerdl22l Four advantages
drome, they have not been useful in preventingf using psychological markers to identify and
it.[18 Other reports corroborate these findings bymonitor the overtraining process have been re-
stating that the value of physiological and bio- ported by O’Connolf?]
chemical markers is still uncle9 One reason (1) Psychological changes are more reliable, i.e.
for this is the inherent difficulty of distinguishing mood shifts coincide with increases and decreases
between adaptation, a result of thoughtfully de-in training and are also highly replicable.
vised training programmes, and maladaptation, th€2) Some mood states are highly sensitive to in-
point at which the benefits of adaptive training creases in the training load (changes in these states
begin to wane because of excessive training. Thisccur early on and have large effects) while others
is particularly evidentluring the course of heavy are more sensitive to the staleness syndrome.
training when some decrease in performance capa¢3) Variations in measures of mood often correlate
ity is expected. In most athletes, it is only possiblewith those of physiological markers.
to determine whether a training cycle is adaptive o4) The titration of training loads based on mood
maladaptiveafter it has been concluded. In some responses to overtraining appears to have good
extreme instances, this can be difficult even aftepotential for preventing staleness.
the training cycle. It should be noted that a recent study reported
Arecent example illustrates the difficulty in dis- that 1 out of 3 stale athletes did not show the antici-
tinguishing between adaptation and maladaptationpated mood respon&8! This suggests that mood
A Swedish world class cross-country skier main-inventories may not always differentiate between
tained heavy training for 20 years and never won astale’ and ‘not stale’ athletes. However, there are
gold medal in the 50km event at the national level several limitations of this study that should be
He took 1 year off (only engaging in light training) highlighted. For example, response distortion was
and returned to competition in 1996, when he womot controlled for, no preseason mood assessment
his first gold medal at the age of 35. In this skier,was made to obtain baseline scores and mood was
it might have been difficult to clearly distinguish only assessed 5 times. Nevertheless, this study
between adaptive and maladaptive training at angmphasised the need for well designed, long term
stage during the 20-year period. monitoring studies to determine how to prevent
A closely related problem seems to be the unstalenes&* The 4 major categories of symptoms
certainty of whether the symptoms noted precedenentioned at the start of section 1.1 all need to be
staleness [or occur early in the development of theonsidered since they are inter-related. This in turn
disorder (overreaching)] or are merely manifestadends support to the view that the staleness syn-
tions of the staleness syndrofeTo distinguish  drome should be regarded as a psychobiological
between preceding markers or early-warning signphenomenott?]
with prognostic value and symptoms with diagnos- To summarisehere are various ways to classify
tic value (when the disorder has been verified) ighe different staleness symptoms and markers (i.e.
extremely difficult in most applied situations. negative consequences). We suggest including all
Hence, markers and symptoms are used synonyef the consequences of negative overtraining into
mously throughout this article unless otherwise in-the physiological, psychological, biochemical (or
dicated. neuroendocrinological) and immunological cate-
Partly because of these aforementioned difficul-gories defined by Fry et &I. This list could easily
ties, Shephard and SH&k concluded that psycho- be extended to include behavioural and perceptual
logical testing provides both easier and more effecehanges, for example, but even with more catego-
tive methods for detecting the staleness syndromaes, it remains difficult to fit some symptoms into
than methods dependent on various physiologicah single category. Some symptoms can show dif-

0 Adis International Limited. All rights reserved. Sports Med 1998 Jul; 26 (1)



Overtraining and Recovery 5

ferent characteristics, depending on how they ar@he effects of these confounding factors need to be
viewed. Appetite, for example, is primarily regu- addressed and related to the 4 different categories
lated physiologically but it also has some psy-of symptoms.
chological dimensions. It seems that most of the Interindividual differences in recovery poten-
symptoms overlap between 2 or more categoriesial, exercise capacity, nontraining stressors and
Nevertheless, the 4 categories provide a good semstress tolerance may explain the different degrees
antic overview of the different bodily symptoms of staleness syndrome experienced by athletes
that are associated with the staleness syndrome. under identical training stressékin athletes with
less severe staleness, the markers are milder and
1.2 Long Term versus Short Term Aspects of athletes can still train at their usual level, but at the
the Overtraining-Response Continuum cost of greater difficulty to maintain any given sub-
maximal performance (e.g. running speed) and

The overtraining process and its associateqncreased perception of effdfl Hence, there is
symptoms may be viewed over a continuum fromeqyincing evidence to support the view that the

short term (acute) to long term (chronic), as dextgieness syndrome exists on a continuum from

i i 4 i 17
Sﬁ”bed by t')\/la(;'c’?, ] anthKU|per§|.I ]blt qu:JfQWIS short term to long term effects. Consequently, gen-
'é.at some ct))r 'erln(.ehat ‘etels ,W' ) € d I'C,u thto eral and simplified guidelines for diagnosing stale-
lagnose as being either ‘stale” or ‘not stale’ wheny o5 opq1d allow for mild through to severe symp-

'_[Phelr iﬁndt')t'og |sbrr:easureg 0? t"?‘ contlnu@}n.lt t?ms. Milder symptoms generally predict a shorter
us, the border between adaplation as a result oo o gyfficient recovery from the staleness

optimal training and the beginning stages of mal- ;
. . CP . syndrome and more severe symptoms, following
adaptation due to excessive training is fluid, espe:

. ) - ._larger declines in performance, require a longer
cially during a phase of heavy training, as dis-. . .
. : A o . time for recovery. ‘Stale’ athletes, for example, do
cussed in section 1[. This is why optimal

training can so easily lead to an overreached stat@©! respond well to reductions in training com-

Because of the overtraining-response continuum ipared with ove_rreac_hed at_hleu_es. .AS Wel.l as the
is also difficult to know whether observed symp- problem of setting diagnostic criteria for different

toms are related to normal training fatigue, Shondegre_es O_f the staleness syndrome: another difficult
term overreaching or long term stalen8sSome  duestion is whether to look for qualitative or quan-
symptoms occur along the whole continuum whilet'_tat've symptoms. To'av0|d oyer5|mpllf.|ed d!stlng-
others only occur at a particular stage. Interesttions, the whole continuum will be defined in this
ingly, a recent report asserts that fatigue and vigouf'ticle as the overtraining-response continuum.
are sensitive to short term conditions while depres- AS explained earlier in this article, overreached
sion is more sensitive to long term conditié. and staleness are regarded as opposite extremes o
Declines in performance, which are regarded as th#1€ overtraining-response continuum. This contin-
hallmark of stalened3, occur together with in- Uum excludes acute fatigue that occurs immedi-
creases in perceived effort during training alongately after exercise, acute muscular overstrain,
the whole continuur?5:261 No consensus has been undertraining, maintenance training and all other
reached regarding the extent to which performancé@refatigued states considered normal training re-
will decline at different stages along the contin-sponses and which are always followed by a full
uum® The decline in performance may also varyrecovery in the short term. The overreached state
with overtraining across different sports, althoughwas chosen as the starting point on the overtrain-
published data on this are very scarce. If the coming-response continuum because it is beyond this
parison is extended to cover performance declingoint in the training process that negative over-
in, for example, all the distances for runningtraining (maladaptation) can occur if an athlete is
events, the problem becomes even more complexot carefully monitored.

0 Adis International Limited. All rights reserved. Sports Med 1998 Jul; 26 (1)
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Staleness is thus regarded as a severe long tertarm to intermediate stage of the staleness syn-
effect of an imbalance between the total stressordrome. The term overreaching is mainly used by
(training and nontraining) and total recovery, physiologistd? 79l whereas distress has been used
which is largely determined by the overall capacityby the psychologist®! to describe a less severe
(stress tolerance) of the individual. Overreachingstate of staleness. Historically, it seems that once a
is regarded as a far less severe, short term effedierm has been established, the related studies adop
also resulting from an imbalance between totalit regardless of whether it is ultimately useful or
stress and total recovery and determined by theonfusing.
overall capacity. Both conditions are regarded as

ossible products afegativeovertraining. . .
P P g 9 2. Structuring the Overtraining and

Recovery Processes
1.3 Reasons for the Confusing Terminology Y

The lack of consensus regarding the terminol- It is evident from the studies referred to so far
ogy of overtraining is a factor of great concern.in this article that there is a need to formally struc-
This was stressed by O’Conrié#,who stated that ture both the overtraining and recovery processes.
perhaps the greatest barrier to further progress ifPny when the terminology and symptoms have

this area of research is: (i) the existing confusiorP€€n clearly defined and incorporated into a larger
over terminology; and (ii) the lack of established framework can a better understanding of how to

diagnostic criteria for staleness. Other authors ad@V0id training methods that may lead to staleness
dress this problem by proposing the developmenpe ach|eved._F|ve main areas need to be addresset
of an international standard with regard to term-t0 achieve this understanding of the staleness syn-
inology!7:19 drome. N _
The confusion in terminology is in part due to (1) The fact that most conditions on the overtrain-

different theories and types of research. It is alsg"d-Teésponse continuum are associated with per-
caused, to a considerable extent, by language baformance decrements and other negative conse-
riers and poor translation of reports. One reason fofUénces. That is, increased training is not always
poor translation is the lack of equivalent terms.Peneficial for enhanced performance.

Other factors for confusion can be explained by(2) The lack of accepted tests and standard criteria
tradition and different cultures. European authorsavailable to accurately place an overtrained athlete
have mainly used the terms overstrained, overtrainon the overtraining-response continuum prohibits
ing, overstrain and overtraining syndrome to indi-clearer diagnoses. It iduring periods of heavy
cate what some US researchers refer to as stalend&gining (i.e. overtraining) that the most critical and
or the staleness syndrorid. difficult diagnoses have to be made.

When studies are performed within various (3) The obvious need to develop a reliable and eas-
disciplines, for example physiology and psychol-ily managed method to monitor training (i.e. the
ogy, differences in terminology may occur. Thesebreakdown process) is of the utmost concern. Such
differences could simply be due to the different per2 method could then be matched with a similar
spectives in the deductive research on the psychdhethod designed to measure recovery.
physiological overtraining phenomenon. Physio-(4) The need to define the markers of recovery and
logical gudies by Fry et dfl and Kuipers and thereby extend the monitoring system to cover the
Keizet¥ use the term overload to describe thewhole process of training and recovery.
training process, whereas psychological studies by5) The need to integrate reliable markers into the
Morgan et al¥l and Raglif!! use the term over- training monitoring system to prevent negative
training. Physiologists and psychologists also dif-overtraining (training that results in overreaching
fer in the use of terminology regarding the shortand staleness).

0 Adis International Limited. All rights reserved. Sports Med 1998 Jul; 26 (1)



Overtraining and Recovery 7

3. Factors Contributing to Staleness logical problems or social conflicts) are present in
an athlete. A preliminary study reported that per-
The main factor leading to staleness is inadeceijved conflicts, occurring during the past 3 to 4
quate recovery (section 5). However, stress and agays (nights), had a substantial effect on recovery
individual’s capacity for training also contribute. and thereby also affected performaf€k.
In conclusionthe different stressors that may to
3.1 Categories of Stress contribute to the staleness syndrome include psy-
chological, social and physiological training
Lehman et al®! suggested yet another defini- stressors.
tion of the stalenesyrsdrome which stated that
‘... staleness syndrome is an imbalance between 3.2 Capacity for Stress Tolerance
training and recovery, exercise and exercise capac-

ity, stress and stress tolerance. Stress is the sum ﬁgve different responses to a given overtraining

training and nontraining stress factors’. By this L .

- - . [30]

definition, different types of stress contribute to the?t'mu“fs' This |n_d.|cates that athlgtes may differ
n their vulnerability to developing staleness,

total level of stress which may provoke, and result{NhiCh can be explained by individual differences

in, staleness. Hopefully, this notion will encourage, hobioloaical ch teristi "
researchers to consider a greater number of pote [ psychobiological characteristics or capacity.
he same training stimulus may improve one ath-

tial stressors in future overtraining studies. Know- e’ ¢ | intain th f
ledge of the process behind staleness would cerlsa €s periormance, only maintain the performance
by another and cause staleness in a third ath-

tainl nefit from identifyin larger number of o .
ainly benefit from identifying a larger number o dete.[21311 Research findings among college swim-

stressors and examining their interactions an - 4 . .
. g mers indicate that athletes may indeed differ in
cumulative effects. . S
their susceptibility to staleneBdl For example,

Morgan et al®! showed that the main contribu- ; : L
g tgere is some evidence that, compared with indi-
tor to staleness was the sport-specific stress create

by training (physiological stress). It was later dem_wduals with normal anxiety, individuals with ele-

onstrated that physiological stress alone can Ieag‘.”ltEd anxiety perceive and rate the. intensity of a
to stalenesB3 It is unclear, however, to what ex- 9 Ve stressor as being great8rindividuals who

L exhibit an elevated anxiety trait could therefore be
tent nontraining stress factors can provoke stale- ) : .
regarded as having a lower capacity for tolerating
ness. It has been suggested that the staleness syn= )
. ; stress and may be more likely to develop staleness.
drome can develop in an athlete who experiences . . -
This gives us 3 different capacities that deter-

relatively low physiological stress, provided that mine vulnerability to developing the staleness syn-

psychological and social stress factors are High. ) . . . .
. . . drome: psychological, social and physiological ca-
Hence, occupational, educational and social stres- .

sors should not be disregarded as potential contritﬁamty‘
utors to the staleness syndrofleBudgett! also
suggested that it is likely that only a small increase
in the total stress might suddenly and unexpectedly
elicit staleness. The onset of this staleness was The main principle behind all physical training
caused by an increase in psychological and/oaimed at improving performance is known as the
social stress which lead to an inability to recoversupercompensation princigh2:33 This entails the
from a previously well-tolerated training pro- breakdown (training) process followed by the re-
gramme (physiological stress). It therefore appearsovery (rest) process, which results in an ‘over-
to be important to evaluate the cumulative level ofshoot’, or rebound, in performance and adaptation.
stress, and training stress might need to be adjustékthe more intense the training, the greater the break-
while high levels of nontraining stressors (psycho-down. High intensity training therefore demands

Athletes of comparable physical ability may

4. Mechanisms of the Breakdown
(Training) Process

0 Adis International Limited. All rights reserved. Sports Med 1998 Jul; 26 (1)
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higher quality recovery than low intensity training.  Coaches and athletes can choose between the
Consegquently, high intensity training also demandsnany methods of regulating and monitoring train-
a longer recovery period than low intensity train-ing intensity and volume. The well known methods
ing. The athlete undertaking high intensity traininginclude the use of: (i) percentage of maximum heart
would therefore benefit from high quality recovery rate; (ii) percentage of 1 repetition maximum;
more than an athlete undertaking low intensity(iii) objective speed measures; and (iv) subjective
training. Purposeful (positive) overtraining, in SPeed scales (1 = low speed, 3 = threshold and 5 =
contrast to negative overtraining which may even-maximum speed). Subjective rating scales of per-
tually lead to staleness, is a central feature of a weff€ived exertiof*3I for example, are frequently
designed training programme to stimulate peal%'sed to rgglatg and monitor the intensity with which
performance. It is important, however, that thethe exercise is performed. Clearly, much research
overtraining period is followed by a period of suf- effor.t has been devoted to develppmg methods to
ficient tapering, usually through a combination of monitor th.e.bre_akdovx_/n process (i.e. tr_\rough mon-

. NG : itoring training intensity), compared with the lack
easier training ar?d more rest units, tq alloyv fullmc methods for measuring the recovery process.
supercompensatiodf. Thus, the physiological

homeostasis must first be disturbed, whereupon 5 The Recovery Process

sufficient recovery must be allowed for full super-

compensation to occur. This explains why individ- 5.1 Matching the Recovery Process to
uals with superior physical fitness need to exercise the Stress

harder to improve performance than individuals

who are less fit. It also explains why overtraining, . .
P y 9 sr}/ndrome is a lack of sufficient recovery after

on the one hand, can be regarded as positive wh eavy physical training. This makes it important to

ion is the end result or, on the other yphy . 9. P
supercompgnsatmn ISt . ' Celect appropriate recovery methods that are
hand, negative when maladaptation occurs.

, ' , , matched against the training stimulif.In con-

qu the purposes of this review a.rt|cle, all S'ngletrast to the diversity of specific methods for mea-
training bouts tha_t are sufﬁmentl_y mtt_anse and/orsuring the breakdown process, very few methods
long enough to disturb the physiological homeo-i5 match the recovery process against the break-
stasis are regarded as an overload stimulus that wifg\wn process have been reported. Some general
prOVOke and initiate the breakdown process. Th%nd incomp|ete Suggestions for imp|ementing op-
recovery and restoration of homeostasis, and als@mum recovery processes have been made but, in
the supercompensation that occurs if the allowednost cases, the suggested strategies were not re
recovery period is sufficient, is regarded as a fulllated to the actual breakdown procEss.
recovery process. The breakdown and recovery Another problem is that suggestions for the op-
processes could also be viewed as one isolated prémum recovery process are rarely differentiated as
cess initiated by an overload stimulus, the recoveryeing proactive (preventing the occurrence of
process being the most important phase of this sirstaleness) or reactive (rehabilitation from stale-
gle proces$&”! This process of breakdown and re- Ness). This distinction is a very important one be-
covery, when initiated by a single training bout, is cause there are considerable advantages in prevent
referred to as a training and recovery unit. A sequing staleness rather than merely treating it with
ence of many repeated units creates the overtraifR0mplete rest.
ing process. Itis worth noting, however, that 1 unit
alone should not cause negative consequences as-
sociated with any state of overreaching or staleness It has been suggested that the best way to treat
on the overtraining-response continuum. overstress (which may comprise physical over-

The main factor responsible for the staleness

5.2 Different Types of Recovery

0 Adis International Limited. All rights reserved. Sports Med 1998 Jul; 26 (1)
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training, psychosocial stresses or a combination of 5.2.2 Sleep and Rest

these) is by matching the treatment with the spe- The most frequently mentioned factor for en-
cific symptomd38] If somatic or cognitive over- hancing recovery is the most obvious one, rest. In
stress occurs, it should be treated by matched irthis sense, rest means engaging in no physical ac-
tervention methods. The same type of matchingivity (passive recovery during the daytime) and

principle also applies to overtraining. It is sug- obtaining sufficient sleef§!
gested that overall recovery from overtraining and

psychosocial stressors will benefit from appropri- ¢ 5 3 rejaxation and Emotional Support
ate, matched recovery methods aimed at the area A few studies have shown that mental training

that is in the greatest neBd. Hence, it is logical might help to prevent stalendés44l This effect
to expect the greatest benefits to occur when OVelias been explained by an increased recovery ca-

stress caused by social conflicts is addressed bﬁfacity or increased stress toleraf@eRelaxation

treating the major cause of the particular stress . .
. . thhnlques, the use of flotation tanks, massages
rather than treating other less important causes o

stress. and saunas have also been suggested by Mtion

A number of authors have emphasised the neefls proactive recovery interventions. ‘Time-out’ pe-
to identify the probable causes of staleness and tH&ds from training are recommended for prevent-
need to match these with sufficient rest, sleep, relng athletes from becoming totally preoccupied
laxation, nutrition or other needed interven- with their sport. The learning and practice of relax-
tions!437-3%1 Among the different approaches di- ation and visualisation techniques by athletes is
rected towards such recovery, 4 main categoriealso recommendééB .44l
have been identified: nutrition and hydration, sleep Regeneration strategies have been widely used,
and rest, relaxation and emotional support, angarticularly in the former eastern European coun-
stretching and active rest. tries. These involve a reduction of all nonspecific

5.2.1 Nutrition and Hydration training stressors (i.e. occupational, educational,

Individuals failing to ingest sufficient carbohy- financial and social stressors) by incorporating
drates to match the energy demand of heavy trairrest, sleep, relaxation therapy, counselling, physio-
ing have been shown to develop signs of staletherapy, saunas and massage into the routine of the
nesg28:30 A poor diet with an insufficient caloric athlete. Eliminating or minimising nontraining
and fluid intake, particularly one lacking in carbo- stressors is another strategy used by sport psychol-
hydrates, will decrease the capacity to tolerateOgy consultant®)
physiological stress (training). It is well known
f[hat the replenishment of egcogen.and fluid stores 5.2.4 Stretching and Active Rest
is necessary to tolerate frequent, intense bouts of Ative rest, meaning low volume and low inten-
training. This might be the most important factorSity training, may accelerate the recovery pro-

in maintaining high intensity training. Fluid is nec- g1y Budgett! highlights the fact that active
essary for more than maintaining performance

capacity alone; each gram of carbohydrate requirerseSt should be provided through participation in a

3g of water to bind to muscle glycogen. Insuffi- different sport in which no measure of the athlete’s

cient fluid intake will thus inhibit performance by Performance is available. In this way, exercise is
allowing less glycogen to be stored. To utilise anuSed as a therapeutic tool to speed up recovery.
individual’s carbohydrate storage limit (approxi- Stretching has effects similar to massage and active
mately 1000g), 3000g of water is needed for it torest, in that it increases the blood flow through the
bind to muscle glycoge? musclel4s!

0 Adis International Limited. All rights reserved. Sports Med 1998 Jul; 26 (1)
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6. Proposed Method for Monitoring
Training and Adequate Recovery

active recovery) and thereby optimise the balance
between training and recovery. This also reduces

the risk of overuse injuries and infections which,

No model cited in the current literature presentsin turn, helps to reduce the loss of available training
a reliable method for monitoring both training and days. In other words, helps athletes to remain
recovenyl’-46] Elite athletes and their coaches needhealthy and capable of maintaining their training
a system to monitor training and recovery — a sysprogramme. To make the TQR process user-
tem that incorporates reliable markers whichfriendly and to relate it to the actual breakdown
would be useful in preventing the staleness synprocess, the scale for the recovery process was
drome. The system must function on a daily basistructured on the concept of the scale developed for
and allow quick access to information about varia-ratings of perceived exertion (RPE) [fig. [34.3°]
tions in selected markers. Such as system wouldhe RPE scale and the concept of perceived exer-
present the possibility of immediately and simulta-tion have been used extensively since the scale was
neously titrating the training load and the recoveryfirst described by Bofét3% and are described in
and prevent negative overtraining. reviews by Noble and Robertdéfh and Watt and

A framework for the training and recovery pro- Grovel4dl
cess, henceforth referred to as the TQR process, has
been developed for this purpd$8.The TQR pro- 6.1 Why Monitor Training Through Ratings of
cess is described in detail in section 6.2. To date, Perceived Exertion?
most investigations have been focused on structur-
ing the recovery process. Some pilot research in Studie&’®4% support the hypothesis that the
elite Swedish kayakers has produced positive resense of physical effort is best conceptualised as a
sponses from the athletéd. The main purpose of complex psychobiological construct such as RPE,
developing this recovery system was to prevent th@s originally proposed by Bdfdl (see also the
occurrence of the staleness syndrome (through prgniodel proposed by Hassni®¥). RPE is usually

Ratings of perceived
exertion (RPE)

Total quality recovery (TQR)

Fig. 1. The ratings of perceived exertion (RPE) scale for athletic
training and the total quality recovery (TQR) scale (reproduced

from Borg®3l and Kentta, "] respectively, with permission).

0 Adis International Limited. All rights reserved.

accurate in estimating the intensity of an exercise
stimulus(!®! Athletes have also demonstrated the
ability to reproduce a certain described level of
RPE, i.e. they can self-monitor the intensity of an
exercisé?ll Together, these qualities facilitate a

valid and reliable method for exercise prescription
and monitoring.

Training intensity and exercise duration are the
most critical factors which, together, determine the
total physiological stress, i.e. the magnitude of the
breakdown procedd’ The RPE technigue can be
used as a tool for accurately estimating exercise
intensity. An additional benefit of using RPE is the
resulting greater focus on the cognitive aspects
(self-awareness) of the athletes, as opposed to re-
lying on physiological cues alone. These cognitive
aspects become relevant when the athletes are re-
quired to focus on overall psychophysiological
cues to rate the perceived efftf.

Since the staleness syndrome is regarded as a
psychobiological phenomenon, the method used for

Sports Med 1998 Jul; 26 (1)
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monitoring exercise intensity should also considemphysiological rating for the previous 24 hours, in-
psychological aspects. A study demonstrated thatluding the previous night's sleep. Directing the
RPE increases significantly at given workloads inathletes attention to psychophysiological cues
athletes who experience stalenB8sAnother (mood states and bodily signals such as sensations
study found that changes in the RPElood lactate  of soreness, heaviness, etc.) serves the same pur-
level ratio was a reliable predictor of staleness anghose as in RPE, i.e. increasing self-awareness.
was most suitable for field setting8l Since no  Since this is a highly individualised measurement,
reliable markers on the overtraining-response conit should be used primarily to detect intra-individ-
tinuum have been established, the most sensitivga| changes.

instrument currently available for detecting the dif-  The TQRact scale grades and monitors actions
ferent degrees of staleness is the athlete’s owfj e. individual proactive recovery interventions)
body!*”] Consequently, the use of RPE in applied\hich, potentially, optimise and accelerate the re-
exercise settings could be a valuable tool in thggyery process. Athletes simply score their actions

detection of staleness. and accumulate recovery ‘points’ over a 24-hour pe-
riod from the 4 main recovery categories described
6.2 Why Monitor Recovery Through the in section 5.2. Nutrition and hydration allows the
Total Quality Recovery Process? accumulation of a maximum of 10 recovery points;

To enable the measurement of the recovery pro§Ieep and rest a maximum of 4 points; relaxation

cess, the TQR scale, which is similar to the ordin-and emotional support a maximum of 3 points; and

ary RPE scale, was develogéfl.The aim of de- stretching and active rest a maximum of 3 points.

veloping the TQR scale was to provide a means tJhusi thehm?]),('?um ovekr.all scorﬁ of 20 points IIS
measure psychophysiological recovery (fig. 1). €dual to the highest ranking on the TQRact scale.
The use of a TQR scale makes it possible toComplete and accelerated recovery decreases the

monitor, and potentially accelerate, the recovery°t@l ime taken for the recovery process. Conse-
process simply by providing a more complete un_quent!y, an gthletg can tolerate more frequent and
derstanding of the actions necessary for achievingnore intensive training. Theoretically, another ath-
a total recovery. The need to educate both athletd§te could eventually have a TQRact score which
and coaches to enhance the recovery process higsoeyond the lower limit of the actual scale (i.e <6).
been clearly stated by other auth§?By usinga N practice, this would happen only in a case of
predefined scale, users will not only be more awardadly mismanaged recovery.
of the complexities of the recovery process, they Athletes accrue recovery points over a 24-hour
will also easily see how actions taken translate intd?eriod. The points are determined using stand-
an improved recovery after actual training. ardised, individual calculations described in a spe-
The suggested TQR scale is divided into 2 subcially designed TQR manual. The manual serves as
scales. The first, and easiest to use in applied se® guideline to the athlete on how to earn recovery
tings, is termed the TQR perceived (TQRper)points. Recovery points are divided into the 4 dif-
scale. The second, more complex subscale is rderent categories discussed above to direct the ath-
ferred to as the TQR action (TQRact) scale. Thdete’s attention towards important recovery ac-
purpose of these subscales is to create one mot®ns. Points are distributed among the recovery
subjective (TQRper) and one more objectiveactions according to their degree of importance for
(TQRact) scale, thereby integrating qualitative andthe recovery process as well as accounting for the
guantitative aspects of the recovery process. practical limitations that occur in field settings. It
The TQRper scale emphasises the athlete’s peis easy to modify the criteria in the TQR manual so
ception of recovery. The athlete is asked beforghat they meet the demands of both the individual
bedtime to rate their recovery as an overall psychoand the specific sport. The described manual was

0 Adis International Limited. All rights reserved. Sports Med 1998 Jul; 26 (1)
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developed primarily to meet the needs of elite se- So far in this article, only the training and recov-
nior athletes (men and women) undertaking intensery processes have been structured. The next stey
training for endurance sports. It can be adaptedis to integrate these 2 processes into the overall
however, for other groups also at risk for developcontext of overtraining and recovery, rather than
ing the staleness syndrome. examining them separately. This will improve our
A general practical recommendation for ensur-understanding of the results of athlete monitoring
ing that an athlete’s recovery is adequate is thagind the correlation between training stress (pro-

both the TQRact and TQRper ratings should, prefcess) and the result of training (product).
erably, be at least equivalent to the actual training

stress (RPE rating). This is particularly important

when training becomes more intense because the
recovery process is believed to be accelerated by
prqactive recovery actions. Eroacti\(e reCOVerYy - one of the few questionnaires encountered in
actions are con&dergd to prqwde a higher qua!'“fhe literature that attempts to address the full com-
recovery compared with passive rest. Alower train- lexities of stress and recovery was developed in
ing intensity does not require the same high qualit Germany by Kallu®9 The Recovery-Stress-

of recovery but, even afte.r Fjays of light training, Questionnaire (RESTQ) was developed to measure
there is arecommended minimum level of recovery

. various areas of stress and various areas of recov-
[TQR 13 (reasonable recovery)] which athletes i 20] o
must attain ery activitiesl?® The stress and recovery activities

Another practical implication to consider is the are assessed simultaneously by the RESTQ. The

comparison of TQRact and TQRper. When an ath—reSUIt_ of ‘the RESTQ p,rovu_jeg an answer o the
uestion ‘How are you?’, which is similar in nature

lete has been taking full and complete measures fof h tual state of st determined by the st
the recovery process and rates significantly lowerC the actual state of stress determined by the stress

on the TQRper compared with the TQRact scale€covery balance. The RESTQ is based on the

this is an early-warning sign that there is an imbal-2Ssumption that an accumulation of stress from

ance between training and recovery. The report byarious aspects of life leads to an aIter_ed ov_erall
Fry et all? lends some support to the suggestionState of s.t.ress, at least when there are insufficient
that an athlete’s perception of recovery can be use@PPOrtunities for recovery. Although the RESTQ
as a potential marker for staleness: they observefy@s developed to measure stress and recovery in ¢
that a group of athletes with the staleness Syndromgeneral sense, and not particularly in regard to stale-
experienced a decreased perception of recover)€ss: it provides support for the conceptual model
compared with ‘nonstale’ athletes. Further suppord€veloped here for overtraining and recovery.

is provided in other articl&sL7 which suggest that The conceptual model described below is an at-
perceived insufficient recovery is a marker for de-tempt to view the complex overtraining and recov-
tecting the staleness syndrome. This frameworl€ry processes in their full context. It aims to in-
(TQR process) also allows the study of the associcrease understanding of the different parameters
ations between training intensity (RPE), recoverywhich interact and determine the full process un-
(TQR), variations in performance and other phys-derlying performance improvements (adaptation)
iological markers such as immune function, muscleand performance decrements (maladaptation). This
glycogen, cortisol, etc. The study of these associais of great value for coaches, athletes and trainers
tions might permit coaches and athletes to optimis@like because it can be used as a guideline for mon-
the balance between training and recovery andtoring training and recovery, i.e. for tailoring the
achieve the best possible performances. perfect training programme.

7. Conceptual Model for Overtraining
and Recovery
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7.1 Process of Overtraining and Recovery motivational level, attitude control, positive energy
N (positive mental health) and visualisation capacity.
The total process of overtraining and recoveryrhe capacity for social stress consists of the ability

and the factors involved could be viewed as being, create, handle and maintain relationships with
controlled by forces which are both additive andyhers - Al of the subcapacities within a specific

mtergctwe. The add|t!ve an.d interactive effects de'category interact to determine the total capacity of
termine the final configuration of the total process.

X ) ! an individual for that category of stress.
The total process is determined by 3 major subsys-

tems, each consisting of 3 components: a specific
stress, a specific capacity and a specific recovery. The

sums_of these components determine (1) the actual Recovery processes can also be differentiated
magnitude of total stress, (2) the actual overall caito various subsystems and can be related to dif-
pacity, and, finally, (3) the actual total recovery. ferent types of stre$d® The aim of each recovery

activity should be to restore homeostasis and allow

7.1.1 Actual Magnitude of Total Stress the adaptation of the individual to the stress(es). It
Physiological stress (i.e. training) is the mostis hot possible _to es_tablish a full recovery yntil
central aspect of the staleness syndrome. Forms erall psychobiological homeostasis is attained.

stress such as illness and the use of drugs or meg_herefore, all of the recovery processes ne_ed to be
ications are not of primary interest in the model.taken Into ggcount. Physm!oglcal recovery in rela-
Psychological stress and social stress require mo on to nutrition and hydration, sleep and rest, and

attention in the body-mind performance context. Stretching and active rest has been described in

Psychological stress is defined here as intra_section 5.1. Psychological recovery is achieved

individual stress arising from internal stressors;through relaxation and emotional support. Finally,

this may, for example, stem from a perceivedrec.overy fr_om social stresses can be achigved only
imbalance between athletic expectations and afy Interaction of the athlete with close friends or
athlete’s performance capabilities. Social stress damily members (50‘?"”" support). .
defined as the result of interactions with other peo- Adeguateecoveryis dependent on the specific
ple. Social stressors may arise from home life YP€ ofstress and the individualsapacities The

friends, colleagues at work, coaches and compet@iM Of monitoring training and adequate recovery
tors, as described by Rush&#.Psychological and in the elite athlete is to reach a balance in the zone
social stress, in conjunction with physiological where training yields optimal increases in perfor-

stress, determine the actual magnitude of the totd['@nce. So far, this zone has been poorly de-
stress. fined 7] Therefore, we suggest that this optimal

zone be defined as tlaglaptation thresholdTheor-
etically, the adaptation threshold is the dynamic
‘breaking point’ where adaptation suddenly (i.e.
The actual capacities for stress determine howvithin a short time frame for athletes near this
much stress can be tolerated by an individualthreshold) becomes maladaptation. Together, re-
Three major capacities have been identified whichcovery, stress and capacity can be viewed as 3 vari-
consist of various numbers of subcapacities. Aeroables affecting the adaptation threshold. Thus, the
bic and anaerobic capacities (both energy producaeed to identify the individual's dynamic threshold
tion capacities), and general strength, specificcan be seen as the overall goal in monitoring train-
strength and technique together, are the neuromu#ig and recovery. As a consequence, discussions
cular capacities. The capacity for psychologicalabout which training regimens are good (adaptive)
stress comprises the level of self-confidence, caer bad (maladaptive) are incomplete without also
pacity to cope with anxiety, attentional capacity,considering the characteristics of the individual

7.1.3 Actual Total Recovery From Stress

7.1.2 Actual Overall Capacities For Stress
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and the recovery process together with the psy- For obvious reasons, the possible fourth option
chosocial stressors. of reducing the training stress to a minimum is not
To achieve the best results from each and everfeasible for competitive athletes.

training session therefore demands consistent The final assessment of all of the factors in-
monitoring and intelligent decision-making. This cluded in the model can be made when all of the
occurs when the athlete responds to their day-toavailable cues from the sociopsychophysiological
day condition, or state, and as a consequence seleggocess and the responses (symptoms and markers
the most appropriate training session at that timehave been evaluated (fig. 2). Individual baseline
It is worth noting that a specific training stimulus measurements for all of the considered overtrain-
may improve the athlete’s performance at one poining markers are necessary for correct assessments
in time or merely maintain performance or causeof intra-individual changes. The final assessment
staleness at other times. As discussed in this seshould answer the most critical question for every
tion, it is almost impossible to judge beforehandathlete, ‘Is it OK to continue my training sched-
whether a given training schedule will have nega-ule?’ (i.e. will the result of my training lead to ad-
tive or positive consequences for all athletes. Imaptation or maladaptation within my desired time
this regard, optimal training can be regarded as aframe?). By assessing individual differences in
ongoing process of the ‘total quality management'total stress, total capacity and total recovery, it is

of training and recovery (RPE versus TQR). easier to understand why individuals respond dif-
ferently to a particular training stimulus. This

8. Matching Stress, Capacity might even help to explain why some individuals
and Recovery to Improve the seem to differ in their vulnerability to developing

Adaptation Threshold staleness. However, instead of discriminating be-

_ _ o tween athletes on a basis of static vulnerability, it
As mentioned earlier, optimising the recovery s petter to use the terimdividual adaptation
process enables the athlete to tolerate more franreshold since this concept is dynamic and allows

quent and more intense training and still respondor change, or improvement by training.
positively. This corresponds to improving the ad-

aptation threshold. Optimising the recovery and
increasing the stress tolerance (i.e. capacity for
stress) of an athlete are 2 different approaches, both Few studies have focused on self-assessments
of which should increase the dynamic adaptatiorpy athletes for monitoring training and recovéty.
threshold. The conceptual model proposed here can be used
The matching principle can be applied in 3 dif- as a framework for such studies. Empirical testing
ferent ways to prevent staleness (enhancing the agdf the model, and all of the variables included, is

9. Future Directions

aptation threshold). of the utmost importance for the future develop-
(1) Recovery must be matched with the specificment of improved or more sensitive monitoring of
stress or stressors. the whole training process, that is, with a focus on

(2) Training must be directed at improving specific the relative contributions from different variables
capacities, which will in turn increase the specific (physiological, psychological, biochemical and
(matched) stress tolerance. Improved coping skillsmmunological). Interdisciplinary studies to incor-
will, for example, increase the overall psychologi- porate knowledge from other related subdisciplines,
cal capacity and, eventually, this is believed to in-such as sports medicine, education sciences and
crease the overall stress tolerance. biochemical sciences, are also warranted. It is fur-
(3) Psychological and social stressors must be minther suggested that the overtraining model de-
imised to better utilise the available resource of stresscribed in this article will make it easier for endur-
tolerance for adapting to the physiological stress.ance athletes to monitor and balance the total
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Social stress/capacity
Recovery

Four categories of
multi-symptomatic
markers of the staleness
syndrome

Psychological
Physiological
Neuroendocrine
Immunological

Physiological stress/capacity
Recove
Process, vy
st!'ess_ or Psychological stress/capacity
stimuli Recovery
Product,
result or
response
Overtraining-response
| continuum
_ Athletic balance

Final
assessment

Fig. 2. An overview of the whole overtraining and recovery process.

training and recovery process. The model thereby 5
enables the user to examine problems either sepa
rately (e.g. biochemical, physiological, psycholog-
ical, nutritional, etc.) or by adopting a holistic per-
spective. It is suggested that the staleness ’
syndrome can only be fully understood in this s.
larger context. The proposed model also highlights
the potential influence of factors primarily related g
to recovery, so far left uninvestigated by overtrain-
ing studies, and may encourage researchers to turn
. ; 10
their attentions to these.

References

1. Bompa T. Theory and methodology of training: the key to ath-
letic performance. Dubuque (IA): Kendall/Hunt, 1983

2. Raglin JS. Overtraining and staleness: psychometric monitor-
ing of endurance athletes. In: Singer RB, Murphey B, Tennant
LK, editors. Handbook of research on sport psychology. New
York (NY): Macmillan, 1993; 840-50

3. Lehman M, Foster C, Keul J. Overtraining in endurance ath-

letes: a brief review. Med Sci Sports Exerc 1993; 26: 854-61 15.

4. Kuipers H, Keizer HA. Overtraining in elite athletes: review
and directions for the future. Sports Med 1988; 6: 79-92

0 Adis International Limited. All rights reserved.

12.

13.

Budgett R. Overtraining syndrome. Br J Sports Med 1990; 24:
231-6

Morgan WP, Brown DR, Raglin JS, et al. Psychological moni-
toring of overtraining and staleness. Br J Sports Med 1987;
21:107-14

. Fry RW, Morton AR, Keast D. Overtraining in athletes: an

update. Sports Med 1991; 12: 32-65

Hooper SL, Mackinnon LT, Howard A, et al. Markers for mon-
itoring overtraining and recovery. Med Sci Sports Exerc
1995; 27: 106-12

Fry AC, Kraemer WJ. Resistance exercise overtraining and
overreaching: neuroendocrine responses. Sports Med 1997;
23:106-29

. Maslach C. Burned-out. Hum Behav 1976; 5: 16-22
11.

Smith RE. Toward a cognitive-affective model of athletic burn-
out. J Sport Psychol 1986; 8: 36-50

Fry RW, Grove JR, Morton AR, et al. Psychological and im-
munological correlates of acute overtraining. Br J Sports Med
1994; 28: 241-6

Fry AC, Kraemer WJ, Borselen FV, et al. Performance decre-
ments with high-intensity resistance exercise overtraining.
Med Sci Sports Exerc 1994; 26: 1165-73

14. Marion A. Overtraining and sport performance. Coaches Report

1995; 2: 12-9

Mackinnon LT, Hooper S. Mucosal (secretory) immune system
response to exercise of varying intensity and during overtrain-
ing. Int J Sports Med 1994; 15: 179-83

Sports Med 1998 Jul; 26 (1)



16

Kenttd & Hassmén

16.

17

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.
34.

35.

Jeukendrup AE, Hesslink MKC, Snyder AC, et al. Physiological 36.

changes in male competitive cyclists after two weeks of in-

tensified training. Int J Sports Med 1992; 13: 534-41 37
overtraining. Res Q Exerc Sport 1996; 67 Suppl. 3: 65-9

Morgan WP. Psychological components of effort sense. Med Sci
Sports Exerc 1994; 26: 1071-7

Hooper SL, Mackinnon LT. Monitoring overtraining in athletes:
recommendations. Sports Med 1995; 20: 321-7

Shephard RJ, Shek PN. Potential impact of physical acitivity
and sport on the immune system: a brief review. Br J Sports 4q
Med 1994; 28: 347-55

Raglin JS, Eksten F, Garl T. Mood state responses to a pre-
season conditioning program in male collegiate basketball
players. Int J Sport Psychol 1995; 26: 214-25

O’Connor PJ. Overtraining and staleness. In: Morgan WP, editor.
Physical activity and mental health. Washington, DC: Taylor
& Francis, 1998: 145-60

Hooper SL, Mackinnon LT, Hanrahan S. Mood states as an
indication of staleness and recovery. Int J Sport Psychol 1997;
28:1-12

Berglund B, Séafstrém H. Psychological monitoring and modu-
lation of training load of world-class canoeists. Med Sci
Sports Exerc 1994; 26: 1036-40

O’Connor PJ, Morgan WP, Raglin JS. Psychobiologic effects of
3 days of increased training in female and male swimmers.
Med Sci Sports Exerc 1991; 23: 1055-61

Snyder AC, Jeukendrup AE, Hesslink MKC, et al. A physiolog-
ical/psychological indicator of over-reaching during intensive
training. Int J Sports Med 1993; 14: 29-32

Raglin JS, Morgan WP. Development of a scale for use in mon-

itoring training-induced distress in athletes. Int J Sports Med 49.

1994; 15: 84-8

Morgan WP, Costill DL, Flynn MG, et al. Mood disturbance 50.

following increased training in swimmers. Med Sci Sports
Exerc 1988; 20: 408-14

Kallus KW. Recovery-stress-questionnaire: manual. Wirzburg: 51.

University of Wurzburg, 1995

Costill DL, Flynn MG, Kriwan JP, et al. Effects of repeated days 52.

of intensified training on muscle glycogen and swimming per-
formance. Med Sci Sport Exerc 1988; 20: 249-54

Verde T, Tomas S, Shephard RJ. Potential markers of heavys3.

training in highly trained distance runners. Br J Sports Med
1992; 26: 167-75
Harre D. Principles of sport training. Berlin: Sportverlag, 1982
Viru A. The mechanism of training effects: a hypothesis. Int J

43.

44,

45,

Martens R, Vealey R, Burton D. Competetive anxiety in sport.
Champaign (IL): Human Kinetics, 1990

. Harre D. Trainingslehre. Berlin, Germany: Sportverlag, 1973
. Kuipers H. How much is too much? Performance aspects of 38,

Israel S. Zir problematic des Ubertrainings aus internistischer
und leistungsphysiologicher sicht. Medizin Sport 1976; 16:
1-12

39. Kinderman W. Das Ubertraining-ausdruck einer vegitativen

fehlsteuerung. Z Sportmedizin 1986; H8: 138-45

40. Brooks GA, Fahey TD. Exercise physiology: human bioener-

getics and its applications. New York (NY): Macmillan, 1985

. Taylor SR, Rogers GG, Driver HS. Effects of training volume

on sleep, psychological, and selected physiological profiles
of elite female swimmers. Med Sci Sports Exerc 1997; 29:
688-93

42. Unestahl L-E. Integrerad mental traning (Integrated mental train-

ing) [Swedish]. Malmo, Sweden: Skogsgrafiska AB, 1995
Veale DMW. Psychological aspects of staleness and depend-
ence on exercise. Int J Sports Med 1991; 12: 19-22
Weinberg R, Gould D. Foundations of sport and exercise psy-
chology. Champaign (IL): Human Kinetics, 1995
Evjenth O, Hamberg J. Muscle stretching in manual therapy.
Vol. 1 & 2. Orebro, Sweden: Alfta Rehab forlag, 1985

46. Bruin G, Kuipers H, Keizer HA, et al. Adaptations and over-

training in horses subjected to increased training loads. J Appl
Physiol 1994; 76: 1908-13

47. Kentta G. Overtraningssyndrom: en psykofysiologisk process

(Overtraining: a psychophysiological process) [Swedish].
Luled, Sweden: Hogskolan i Luled, 1996

48. Noble BJ, Robertson RJ. Perceived exertion. Champaign (IL):

Human Kinetics, 1996

Watt B, Grove R. Perceived exertion: antecedents and applica-
tions. Sports Med 1993; 15: 225-41

Hassmén P. Perceived exertion: applications in sports and exer-
cise [dissertation]. Edsbruk, Sweden: Akademitryck AB,
1991

Borg G. Perceived exertion: a note on ‘history’ and methods.
Med Sci Sports 1973; 5: 90-3

Hendrickson CD, Verde TJ. Inadequate recovery from vigorous
exercise: recognizing overtraining. Physician Sportsmed
1994; 22: 56-8, 61-2, 64

Rushall BS. A tool for measuring stress tolerance in elite ath-
letes. Appl Sport Psychol 1990; 2: 51-66

Sports Med 1984; 5: 219-27
Borg G. Physical performance and perceived exertion [disser-
tation]. Lund, Sweden: Gleerup, 1962

Correspondence and reprints: Dr Géran Kenttd, Department
of Psychology, Stockholm University, S-106 91 Stockholm,

Borg G. Perceived exertion as an indicator of somatic stressSweden.

Scand J Rehabil Med 1970; 2: 92-8

0 Adis International Limited. All rights reserved.

E-mail: gka@psychology.su.se

Sports Med 1998 Jul; 26 (1)


https://www.researchgate.net/publication/13545392

	Abstract 1
	1. Definitions, Symptoms and Time Frame of Overtraining and its Effects 2
	1.1 Markers and Symptoms of the Negative Effects of Overtraining 3
	1.2 Long Term versus Short Term Aspects of the Overtraining-Response Continuum 5
	1.3 Reasons for the Confusing Terminology 6

	2. Structuring the Overtraining and Recovery Processes 6
	3. Factors Contributing to Staleness 7
	3.1 Categories of Stress 7
	3.2 Capacity for Stress Tolerance 7

	4. Mechanisms of the Breakdown (Training) Process 7
	5. The Recovery Process 8
	5.1 Matching the Recovery Process to the Stress 8
	5.2 Different Types of Recovery 8
	5.2.1 Nutrition and Hydration 9
	5.2.2 Sleep and Rest 9
	5.2.3 Relaxation and Emotional Support 9
	5.2.4 Stretching and Active Rest 9


	6. Proposed Method for Monitoring Training and Adequate Recovery 10
	6.1 Why Monitor Training Through Ratings of Perceived Exertion? 10
	6.2 Why Monitor Recovery Through the Total Quality Recovery Process? 11

	7. Conceptual Model for Overtraining and Recovery 12
	7.1 Process of Overtraining and Recovery 13
	7.1.1 Actual Magnitude of Total Stress 13
	7.1.2 Actual Overall Capacities For Stress 13
	7.1.3 Actual Total Recovery From Stress 13


	8. Matching Stress, Capacity and Recovery to Improve the Adaptation Threshold 14
	9. Future Directions 14
	References 15
	Correspondence and reprints 16
	E-mail 16



