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Just some thoughts….

❖ Is physiotherapist the “bad” wanting to keep the athlete 
from training.

❖ How can we help coaches to max performance with 
minimizing the risk?

❖ Why the team rather measures external loads compared 
to internal load?

❖ Are the injuries preventable?



❖ Empirical evidence

❖ Consensus ?
❖ Higher workload - higher performance.

There is no theory that would describe the type, amount and 
intensity of different training methodology to compile an 

individualized training program for everyone.



Training load

❖ Volume X intensity

❖ Useless

❖ Recovery

❖ Improving

❖ Overloading

Low High
Training load

Optimal 
load

Overload



Training monitoring

The set of different tools or methods to 
increase the likelyhood of the positive 
outcome of athletic performance

• Why?

• What?

• How often?

• How? Athletic
performance

Training load

+ -

Minimal testing - maximal 
reliable feedback Feeling of involvement



How big should be the change?

❖ For individual athlete: half of the 
variability of competitive 
performance, or 0.5-1 % in terms 
of power.

❖ One standard deviation 
difference from the average

❖ For team performance 1/5 of the 
standard deviation for average 
result of the team.                                                                             

(Hopkins, 2004)

❖ Run up to 1500m    0,8%

❖ Run 1500 - 10000   1,1%

❖ Marathon         3,0%

❖ High jump  1,7%

❖ Mountain bike        2,4%

❖ Swimming        0,8%

Is it also meaningful???



What can we measure in terms of training load?

❖ EXTERNAL TRAINING LOAD

• Physical work

• Lifted weight

• Covered distance

• Number of jumps, throws

• Intensity of the exercise

• ……

❖ INTERNAL TRAINING LOAD

• Physiological response

• Heart rate

• Perceived exertion

• Psychological response

• Hormonal/biochemical 
response

• ……



Training load response
External training load

Training outcome

Athlete
Chronological age

Training background
History of injuries

Physical capacity

Stress tolerance

Recovery potential

TRAINING LOAD
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What is monitored?
Australian and New Zealand high performance athletes
Overall 91% coaches indicated some kind of monitoring

What? How?

Injury prevention 29% Self-reporting tests 84%

Effectivness of training 
program 27% Performance test 61%

Maintaining performance 22% Performance during 
competition 43%

Preventing overtraining 22% Biochemical parameters 8%

Taylor,  2012



Continuous overview



Internal training load. Borg scale

❖ “How was your workout?”
❖ RPE x duration of the session
❖ In soccer: 

❖ 300-500 AU easy session
❖ 700-1000 AU hard session

❖ In endurance:
❖ 200-400 AU easy session
❖ 600-900 AU hard session



Session RPE at different intensities

❖ 12 competitive swimmers
❖ 20 training sessions at different 

intensities

shown a mismatch between athletes’ and coaches’ perceptions
of training intensity at low and high intensities (16).
A mismatch in perceived training intensity between athlete

and coach has important implications for training athletes.
This result demonstrates poor control of training variables
and may place athletes at an increased risk of maladaptive
training. It has previously been suggested that a decrease in
the day-to-day variability in TLmay increase the incidence of
illness (12) and have a negative impact on performance (6).
For example, Bruin et al. (6) observed symptoms associated
with overtraining syndrome in race horses where ‘‘easy’’ days
were increased in a program constructed on a ‘‘hard’’ day,
‘‘easy’’ day basis. The present results show how a system for
monitoring internal TL such as the session-RPEmethodmay
improve control of training variables and provide a useful tool
for quantifying the internal TL placed on athletes.

PRACTICAL APPLICATIONS

At present, there are few valid
and practical methods for
monitoring internal TL during
high-intensity, non–steady-
state exercise such as swim-
ming training. The session-RPE
method may allow coaches to
monitor the training process by
quantifying the internal TL of
an athlete using a single term
(16). The benefits of using
session-RPE include allowing
coaches to evaluate and com-
pare the training stress imposed
on individual athletes during
each component of the training
program (e.g., swimming and
dry land workouts). Further-
more, the use of RPE provides
a cost-efficient, noninvasive,
and reliable method for quan-
tifying training intensity. The
application of this method to
swimming may also allow
coaches to monitor training
adaptations in individuals and
to verify periodization strate-
gies (10,14,16). For example, an
increased RPE to a regular
standard work bout during
each training cycle (i.e., weekly)
may be used as a guide for
coaches to monitor for either
increases in fatigue or reduc-
tions in fitness levels within
individual athletes. Conversely,
a reduction in RPE to these
standard work bouts may in-

dicate training adaptation. However, further research is
required to validate the effectiveness of this method for
monitoring changes in performance, fitness, and fatigue
during swimming.
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Figure 1.Comparison between athletes’ and coaches’ perceptions of intensity (A), duration (B), and internal TL (C)
using the session-RPE method during easy, moderate, and difficult training sessions (mean 6 SD). *Significant
interaction effect (p , 0.05).
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Session RPE 
Comparison between perception of coach and athlete

Training type n Coach Athlete Correlation

Recovery 100 1.87±0.8 2.17±0.8 0.35; p=0.002

Base training 121 3.61±0.63 3.50±1.0 0.25; p=0.006

Speed+Interval 61 6.64±2.0 5.57±1.81 0,718; p=0.000

Total 282 3.65±2.0 3.48±1.7 0.798; p=0.000

Heinsoo, 2015



RPE and internal training load
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Training load - performance-injury

performance.9 However, adverse events of exercise training are
also dose related, with the highest incidence of illness and injury
occurring when training loads were highest.10–15

TRAINING LOADS CAN BE MEASURED IN DIFFERENT WAYS
Sport scientists typically obtain measurements of a prescribed
external training load (ie, physical ‘work’), accompanied by an
internal training load (ie, physiological or perceptual
‘response’). External training loads may include total distance
run, the weight lifted or the number and intensity of sprints,
jumps or collisions (to name a few).16 Internal training loads
include ratings of perceived exertion and heart rate. The indi-
vidual characteristics of the athlete (eg, chronological age, train-
ing age, injury history and physical capacity) combined with the
applied external and internal training loads determine the train-
ing outcome.16

For example, identical external training loads could elicit con-
siderably different internal training loads in two athletes with
vastly different individual characteristics; the training stimulus
may be appropriate for one athlete, but inappropriate (either
too high or too low) for another. An overweight, middle-aged

male will have very different physiological and perceptual
responses to an 800 m effort than a trained runner. Although
the external training load is identical, the internal training load
will be much higher in the older, unfit individual! As the dose–
response to training varies between individuals, training should
be prescribed on an individual basis.

EXTERNAL TRAINING LOAD—‘TRACKING’ EVERY METRE!
Global positioning systems (GPS) have been a ‘game-changer’ in
the monitoring of external loads.17 These devices, which are
typically no larger than a mobile phone, are worn by athletes
during training and match-play activities. GPS provides informa-
tion on speed and distances covered, while inertial sensors (ie,
accelerometers, gyroscopes) embedded in the devices also
provide information on non-locomotor sport-specific activities
(eg, jumps in volleyball, collisions in rugby and strokes in swim-
ming).18 Importantly, most of this data can be obtained in ‘real-
time’ to ensure athletes are meeting planned performance
targets.

INTERNAL TRAINING LOAD—THE ATHLETE’S PERCEPTION
OF EFFORT
The session-rating of perceived exertion (RPE) has been used to
quantify the internal training loads of athletes. At the comple-
tion of each training session, athletes provide a 1–10 ‘rating’ on
the intensity of the session. The intensity of the session is multi-
plied by the session duration to provide training load. The units
are ‘RPE units×minutes’ and in football codes generally range
between 300 and 500 units for lower-intensity sessions and
700–1000 units for higher-intensity sessions. For ease, we have
referred to them as ‘arbitrary units’ in previous work. A more
accurate term might be ‘exertional minutes’. The value of
session-RPE will depend on the goal of those measuring it and
that topic is beyond the scope of this paper.

MONITORING INDIVIDUAL ATHLETE WELL-BEING
Monitoring athlete well-being is common practice in high per-
formance sport.19–21 A wide range of subjective questionnaires
are used with many of them employing a simple 5, 7 or
10-point Likert scale.19–23 Longer, more time consuming
surveys are also employed.24 25

Figure 1 Hypothetical relationship between training loads, fitness,
injuries and performance. Redrawn from Orchard.1

Table 1 Relationship between external workloads and risk of injury in elite rugby league players

Risk factors

Relative risk (95% CI)

Transient Time lost Missed matches

Injury history in the previous season (no vs yes) 1.4 (0.6 to 2.8) 0.7 (0.4 to 1.4) 0.9 (0.2 to 4.1)
Total distance (≤3910 vs >3910 m) 0.6 (0.3 to 1.4) 0.5 (0.2 to 1.1) 1.1 (0.2 to 6.0)
Very low intensity (≤542 vs >542 m) 0.6 (0.2 to 1.3) 0.4 (0.2 to 0.9)* 0.4 (0.1 to 2.8)
Low intensity (≤2342 vs >2342 m) 0.5 (0.2 to 1.1) 0.5 (0.2 to 0.9)* 1.2 (0.2 to 5.5)
Moderate intensity (≤782 vs >782 m) 0.4 (0.2 to 1.1) 0.5 (0.2 to 1.0) 0.5 (0.1 to 2.3)
High intensity (≤175 vs >175 m) 0.8 (0.2 to 3.1) 0.9 (0.3 to 3.4) 2.9 (0.1 to 16.5)
Very high intensity (≤9 vs >9 m) 2.7 (1.2 to 6.5)* 0.7 (0.3 to 1.6) 0.6 (0.1 to 3.1)
Total high intensity (≤190 vs >190 m) 0.5 (0.1 to 2.1) 1.8 (0.4 to 7.4) 0.7 (0.1 to 30.6)
Mild acceleration (≤186 vs >186 m) 0.2 (0.1 to 0.4)† 0.5 (0.2 to 1.1) 1.5 (0.3 to 8.6)
Moderate acceleration (≤217 vs >217 m) 0.3 (0.1 to 0.6)† 0.4 (0.2 to 0.9)* 1.4 (0.3 to 7.5)
Maximum acceleration (≤143 vs >143 m) 0.4 (0.2 to 0.8)* 0.5 (0.2 to 0.9)* 1.8 (0.4 to 8.8)
Repeated high-intensity effort bouts (≤3 vs >3 bouts) 0.9 (0.4 to 2.0) 1.6 (0.8 to 3.3) 1.0 (0.2 to 4.4)

All injuries were classified as a transient (no training missed), time loss (any injury resulting in missed training) or a missed match (any injury resulting in a subsequent missed match)
injury. *p<0.05; †p<0.01.
Reproduced from Gabbett and Ullah.26

2 Gabbett TJ. Br J Sports Med 2016;0:1–9. doi:10.1136/bjsports-2015-095788
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Can we predict injury?
2- year study period
Session RPE-likelyhood of injury

Additional 2 years to determine 
if non-contact soft tissue injuries 
could be predicted

True positive - predicted injury - injured  67%

False positive - predicted injury - not injured 13%

False negative - no predicted injury - injured 11% 

Positive predictive value 85%
Negative predictive value 98.9%

Gabbet, 2010



Temporal changes in training load
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Temporal changes in training load - Injury risk

❖ 40% of injuries were associated with 
rapid changes in training load 
(>10%) compared to preceeding 
week in football players (Piggott et 
al 2009);

❖ If the change is higher than than 
1100 to 1200 AU in absolute values 
(Cross et al 2015; Rogalski et al 2013).

positive predictions was 62% (N=121) and the false-positive
and false-negative predictions were 13% (N=20) and 11%
(N=18), respectively. Players who exceeded the weekly training
load threshold were 70 times more likely to test positive for
non-contact, soft-tissue injury, while players who did not exceed
the training load threshold were injured 1/10 as often (table 2).
Furthermore, following the introduction of this model, the inci-
dence of non-contact, soft-tissue injuries was halved.42

We also analysed the prevalence of injury and the predictive
ratios obtained from the model. The prevalence of injury in this
sample of professional rugby league players was 8.6%. If the
predictive equation was positive for a given player, the likeli-
hood of injury increased from 8.6% to 86%, and if the results
of the test were negative, the likelihood of injury decreased
from 8.6% to 0.1%. Furthermore, 87% (121 from 139 injuries)
of the 8.6% of players who sustained an injury were correctly
identified by the injury prediction model.

Although several commercially available software programs
claim to predict training load-related injuries, to date, this is
the only study to predict injury based on training load data,
apply that model in a high performance sporting environ-
ment, and then report the results in a peer-reviewed journal.
We acknowledge that any regression model that predicts
injury is best suited to the population from which it is
derived. Caution should be applied when extrapolating these
results to other sports and populations. Despite this potential
limitation, these findings provide information on the training
dose–response relationship in elite rugby league players, and a
scientific method of monitoring and regulating training
load in these athletes. Importantly, in a team environment,
this approach allows players to be managed on an individual
basis.

THE CRITICAL ELEMENT OF WEEK-TO-WEEK CHANGE
(USUALLY INCREASES!) IN TRAINING LOAD
Accepting that high absolute training loads are associated with
greater injury risk,42 strength and conditioning practitioners must
also consider how week-to-week changes in training load inde-
pendently influence injury risk (aside from total training load). In
a study of Australian football players, Piggott et al34 showed that
40% of injuries were associated with a rapid change (>10%) in
weekly training load in the preceding week. Rogalski et al39 also
showed that larger 1-weekly (>1750 arbitrary units, OR=2.44–
3.38), 2-weekly (>4000 arbitrary units, OR=4.74) and previous
to current week changes in internal load (>1250 arbitrary units,
OR=2.58) were related to a greater risk of injury. Large
week-to-week changes in training load (1069 arbitrary units) also
increased the risk of injury in professional rugby union players.14

We have also modelled the relationship between changes in weekly
training load (reported as a percentage of the previous weeks’
training load) and the likelihood of injury (unpublished observa-
tions). When training load was fairly constant (ranging from 5%
less to 10% more than the previous week) players had <10% risk
of injury (figure 5). However, when training load was increased by
≥15% above the previous week’s load, injury risk escalated to
between 21% and 49%. To minimise the risk of injury, practi-
tioners should limit weekly training load increases to <10%.

CONSIDERING BOTH ACUTE AND CHRONIC TRAINING
LOAD: A BETTER WAY TO MODEL THE TRAINING–INJURY
RELATIONSHIP?
Is there a benefit in modelling the training–injury relationship
using a combination of both acute and chronic training loads?
Acute training loads can be as short as one session, but in team
sports, 1 week of training appears to be a logical and convenient
unit. Chronic training loads represent the rolling average of the
most recent 3–6 weeks of training. In this respect, chronic train-
ing loads are analogous to a state of ‘fitness’ and acute training
loads are analogous to a state of ‘fatigue’.2

Comparing the acute training load to the chronic training load
as a ratio provides an index of athlete preparedness. If the acute
training load is low (ie, the athlete is experiencing minimal
‘fatigue’) and the rolling average chronic training load is high (ie,
the athlete has developed ‘fitness’), then the athlete will be in a
well-prepared state. The ratio of acute:chronic workload will be
around 1 or less. Conversely, if the acute load is high (ie, training
loads have been rapidly increased resulting in ‘fatigue’) and the
rolling average chronic training load is low (ie, the athlete has
performed inadequate training to develop ‘fitness’), then the
athlete will be in a fatigued state. In this case the ratio of the
acute:chronic workload will exceed 1. The use of the acute:
chronic workload ratio emphasises both the positive and negative
consequences of training. More importantly, this ratio considers
the training load that the athlete has performed relative to the
training load that he or she has been prepared for.43

The first study to investigate the relationship between the
acute:chronic workload ratio and injury risk was performed on
elite cricket fast bowlers.43 Training loads were estimated from
both session-RPE and balls bowled. When acute workload was
similar to, or lower than the chronic workload (ie, acute:
chronic workload ratio ≤0.99) the likelihood of injury for fast
bowlers in the next 7 days was approximately 4%. However,
when the acute:chronic workload ratio was ≥1.5 (ie, the work-
load in the current week was 1.5 times greater than what the
bowler was prepared for), the risk of injury was 2–4 times
greater in the subsequent 7 days.43

Figure 5 Likelihood of injury with different changes in training load.
Unpublished data collected from professional rugby league players over
three preseason preparation periods. Training loads were measured
using the session-rating of perceived exertion method. Training loads
were progressively increased in the general preparatory phase of the
preseason (ie, November through January) and then reduced during the
specific preparatory phase of the preseason (ie, February). The training
programme progressed from higher volume-lower intensity activities in
the general preparatory phase to lower volume-higher intensity
activities in the specific preparatory phase. Each player participated in
up to five organised field training sessions and four gymnasium-based
strength and power sessions per week. Over the three preseasons, 148
injuries were sustained. Data are reported as likelihoods ±95% CIs.

Gabbett TJ. Br J Sports Med 2016;0:1–9. doi:10.1136/bjsports-2015-095788 5
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To minimize the risk of injury 

do not exceed weekly load increases greater than 10%



Acute vs Chronic Load
❖ Acute load - average weekly load      FATIGUE

❖ Chronic load - average of previous 28-40 days  FITNESS
Emphasises the load that the athlete  has performed 

relative to what he/she has prepared for



Acute:Chronic Load

redrawn from Hunter



The “Sweet Spot”

Blanche & Gabbet, 2015
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Active Straight Leg Raise

Kalev, 2015



Internal workload and injury risk

Gabbet & Ullah, 2012



Training load distribution

Seiler,	2013



Conclusion

❖ Training has both positive and negative effects;

❖ There is a relationship between high training loads and 
injuries;

❖ The ratio of acute to chronic training load is better 
predictor of injury than acute or chronic loads in 
isolation;

❖ This is an ongoing process with lot’s of adaptations.



Chris Carmichael

“Can we win the championships if we have the 
best knowledge from sport science, best coaches 

available and best equipment? NO. 
But if we do not have it, we can loose the title” 

THANK YOU FOR YOUR 
ATTENTION!


