
Warm-ups and Prevention of Sports Injuries : 
A Medical Science Perspective
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�Long-term public health 
consequences associated with 
cardiovascular disease, DM, 
HT,….

�Greater self-esteem, relaxation, 
socialisation, teamwork, fitness, 
academic support. 
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�General public interest and concern.
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� In US alone, sports-related injuries account 
for 2.6 million visits to the emergency room 
by aged 5-24 years.

� Injuries in high-school athletes have 
resulted in 500,000 doctor visit, 30,000 
hospitalizations and a total cost of US 2 
billion / year.
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�Direct medical costs: treatment 
(in-patient or out-patient) and 
rehabilitation.

� Indirect economical costs: 
parents taking time off for caring, 
academic influence, drop out of 
sporting activities, ….
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�Young vs mature
- young athletes � small adult

�Skeletal maturity 
- type of injury e.g. plastic deformation
- potential for recovery ( the less maturity 
means more potential & faster to heal up)

�Onset of puberty
- growth spurt 
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�Psychological consideration –
‘No pain, no gain’; ‘No gain, no 
game’; ‘No game, no pain’.

�Compliance to instruction & 
treatment.

�Personal interpretation.
�Parental effects.
�Peers effects.
�Self-esteem.
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Mechanism of Sports Injury

Load 
��

P (Sports Injury)

=
Extrinsic Risk Factors

��������������������������������������������������������

Intrinsic Risk Factors
� ������� ������� ������� ������� ������� ������� ������� ������

P (random)
+X X
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Mechanism of Sports Injury

Load ��
= force X freq. X duration

Equipment ��
&

Facilities��

Technique � �
Posture � �

&
Anatomy 	 
 �

Coach

A
thletics
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These factors can be modified

Increased incidence on artificial turf (�����) 

compared with grass and gravel ( � � � ).

Playing surface

Ankle brace or brace decreases the incidence of ankle 
injury.
- Increased kinesthetic awareness & ankle support esp. 
inversion.

Use of ankle tape or brace

Increased ankle injury with air cells
- Decreased hindfoot stability.

Shoe type

Higher skill level, higher injury rate
- ? Increased exposure or more aggressive intensity at 
higher skill level.

Skill level

Incidence of injury is greater during competition than 
practice.
- More aggressive & risk taking behaviors.

Level of competition
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� Age
� Sex
� Previous injury & 

inadequate 
rehabilitation

� Aerobic fitness
� Body size
� Limb dominance

� Flexibility
� Limb girth
� Muscle strength
� Imbalance & reaction 

time
� Postural stability
� Anatomical alignment
� Foot morphology
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Unclear relationship.Limb dominance

No clear association.Body size

Mild association between 
diminished aerobic fitness and 
sports injury. 

Aerobic fitness

Strong evidence for re-injury of the 
same type & location.

Previous injury & 
inadequate rehabilitation

Female athletes incur more knee 
injuries than male, esp. ACL.
Unclear for other types of LL injury.

Sex

No association between age & 
injury.

Age
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No clear associationFoot morphology

No clear associationAnatomical alignment

Need additional research.Postural stability

Need additional researchImbalance & reaction time

Need additional researchMuscle strength

Unclear relationship.Limb girth

Unclear relationship.Flexibility
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High loading X low freq. X short duration
= acute trauma

�e.g. acute trauma 
- fall in the game
- direct contusion

- acute strain



� 	 
 �� 	 
 �� 	 
 �� 	 
 � - � � � �� � � �� � � �� � � �

� ���� ���� ���� ���

Moderate loading X moderate freq. X 
moderate duration

= overuse syndrome
� � � 	� � � 	� � � 	� � � 	

e.g. stress fracture, bursitis, tendonitis, 
labral tears,……. 



� 	 
 �� 	 
 �� 	 
 �� 	 
 � - � � � �� � � �� � � �� � � �

� ���� ���� ���� ��� - 
 �
 �
 �
 � , � 
� 
� 
� 

Low loading X high freq. X long duration

= wearing  / degeneration

e.g. fatigue fracture, chondromalacia, 
osteoarthritis,……
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2 major functions
1. Improve a muscle’s dynamic – less 

inclined to injury.
2. Prepare the athlete – demands of 

exercise.
� 1 ºC rise in temperature – increase the 

length to failure of rabbit hind-limb 
muscles.

In general,
mild sweat without fatiguing the individual
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� Active warm-up : general & specific
1. General active warm-up – non-specific 

body movements e.g. jogging, cycling or 
callisthenics.

2. Specific active warm-up – activities & 
stretches that are specific to the sport 
which one is preparing.
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�Passive warm-up – muscle temperature 
or core body temperature is increased by 
external means e.g. hot shower, saunas or 
heating pads.
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�Experiences an increase in muscle 
temperature

�But, does not experience a significant 
decrease in high-energy phosphate 
availability

�Should be tailored to each individual.
�~ 40-60% VO2max.
�Light to mild sweating, without fatigue
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An increase in the speed & force of 
muscle contraction

�Speeds up metabolic processes 
�Reduces internal viscosity
�Results in smoother contraction
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An increase dissociation of oxygen from 
haemoglobin at higher plasma oxygen 

concentrations

�Provides more oxygen to working muscles
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An increase in speed of nerve 
transmission.

� Increases contraction speed 
�An increase in vasodilatation
� Increase in blood flow to active tissues
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Provides protective mechanism to 
muscle

�Warmed muscles require a greater length 
of stretch & force to produce a tear.
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�Most of time subjective
� ‘tightness without pain’, ‘gentle stretch’, 

‘pulling sensation’, ‘stretching sensation’, 
‘noticeable tension without pain’.

�Usually, maintained for 20 seconds to 
facilitate connective tissue plastic 
elongation.
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� Dynamic, static & proprioceptive
neuromuscular facilitation.

1. Dynamic stretching – use of bouncing or 
jerking type motions to stretch a muscle 
group.

2. Static stretching – slow or passive 
stretching, maintained for approx. 20 sec.
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3. Proprioceptive neuromuscular 
facilitation – combinations of a static 
stretch, an isometric contraction & 
relaxation and another static stretch.
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�No standard protocol.

Static: NA2 lower-leg stretches: 30 sec. each, 3 repsRosenbaum & Henning (1995)

Static: protocol reduced lower extremity 
overuse injury.

Hamstring only, 5 X 30 sec. stretches, 3 
session/day; 13 week

Harting & Henderson (1999)

Static: protocol did not significantly reduce total 
injuries.

1 X 20 sec stretch for each 6 major lower-limb 
muscle groups: 1 session/day; 12 week

Pope et al (2000)

Static: protocol limited the amount of 
muscle-related injury

4 upper body, 7 lower body, 7 trunk: 30 sec 
each, 1 x20 min. session/day; 12 week

Amako et al (2003)

Static: NAHamstring only, 1 X 30 sec. for each leg, 3 reps 
with 10 sec rest 

De Weijer et al (2003)

Passive: protocol significantly reduction in 
injury.

Hamstring stretches: 15 sec each with knee 
in 0, 10 & 90 deg. of flexion, utilising trunk 
flexion

Verrall et al (2005)

Static & PNF CRC method: NAHamstring only: 30 sec total (5 sec/each phase), 
1 X 5 min session/day; 4 days/wk; 2 wk period

Sullivan et al (1992)

Static: protocol reduced injury.Trunk twist:15 sec., hamstring, groin, 
quadriceps stretches: 25 sec. each

Bixier & Jones (1992)

Type & resultProtocolStudy
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�Elongation of soft tissues & muscles –
time (maintained for 24 hours) & history 
dependent.

�An increase in flexibility – elastic & plastic 
(non-recoiling) stretching

BUT,
�Excessive stretching may be detrimental 

to athletic performances.
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Traditionally, 3 major factors
1. A period of aerobic exercise to increase 

body temperature.
2. A period of sport-specific stretching to 

stretch the muscles to be used in the 
subsequent performance.

3. A period of activity incorporating 
movements similar to those to be used in 
the subsequent performance.
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1. A period of aerobic exercise (����) to 
increase body temperature.
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2. A period of sport-specific stretching (��������

� � �� � �� � �� � � ) to stretch the muscles to be used 
in the subsequent performance.
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3. A period of activity incorporating 
movements (����������������������������) similar to 
those to be used in the subsequent 
performance.
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No. of injuries, types & 
location of all injuries, injury 
severity, injury incidence 
per 1000 hr of match & 
practice.
- Significant reduction.

10-15 min + 2 ex. Warm-up
10-15 min of an ankle disk + > 2 functional activities of 
all major muscle groups

237 female 
European team 
handball 
players (16-18): 
126 control, 
111 
interventional

Cluster 
randomised
controlled trial

Wedderkopp et al _ 
Denamrk (1999)

Rate of acute injury to knee 
or ankle, no. of lower limb 
injuries
-At least  50% reduction of 
knee & ankle injuries.

16-25 min warm-up
4-5 min ex. on ball, 4-5 min wobble board, 4-5 min 
balance net, 4-5 min other ex.

1837 handball 
players (15-17): 
879 control, 
958 
interventional

Cluster 
randomised
controlled trial

Olsen et al – Norway 
(2005)

No. of injuries, types & 
location of all injuries
- Insignificant reduction.

4 min 20 sec warm-up
20 s of stretch for each major muscles
4 min of jogging & side –stepping

1279 male 
army recruits: 
656 control, 
623 
interventional

Randomised
controlled trial

Pope et al – Australia 
(2000)

No. of injuries, types & 
location of all injuries, 
compliance with warm-up
- No injury prevention 
benefit.

19 min warm-up
:6 min running + 3 min loosening + 10 min stretching

421 male 
recreational 
runners: 167 
control, 159 
interventional

Randomised
controlled trial

Van Mechelen et al –
Netherlands (1993)

No. of injuries, types & 
location of all injuries, 
quarter injury occurred.
- Significant reduction

3 min warm-up
:30 s light running + 30 s moderate running + 30 s 
jumping jacks + 15s trunk twist, 25 s hamstring stretch 
+ 25 s groin stretch + 25 s quadriceps stretch.

5 high school 
American 
football teams

Controlled trialBixier & Jones- USA 
(1992)

Outcome measurementWarm-up practicesParticipantsDesignStudy & Country
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� Rarely proved through randomized control trials.

Because,
� Difficult to define the intensity & duration of 

warm-up
� Difficult to classify the site & nature of injury
� Ethical problems for inducing injury in humans.
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�Experimental research on animals 
suggests that warming up is likely to 
reduce the number of injuries.

BUT,
�Stretching alone does not prevent injuries.
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�The weight of evidence is in favour of 
warming up which can decrease the risk of 
injury.

�The studies suggest a protective effect of 
warm-up focused on specific sports and 
homogenous populations.
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�Recent studies introduce new 
warm-up programme – 3 keys 
elements + additional training 
exercises with progression for 
competent athletes.

�To improve players’ core stability, 
strength, proprioception, balance, 
dynamic stabilisation, eccentric 
hamstring strength,…
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�Each sport has its own unique qualities, it 
is possible that warming up may be a 
useful injury preventive tool for some 
sporting activities and not others.
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�Focus on isolation of warm-up protocol 
and stretching protocol.

�Define the range of motion necessary for 
participation in different physical activities.

� Identify the flexibility or range of motion 
standards.

�Classify the different types of sports injury.
�Determine the potential effects of 

overstretching or over warm-up.
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The percentage of subjects doing warm up before exercise
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�Prevention is vital.
�Education can bring understanding and 

understanding can maintain health.
�Proper altitude towards healthy sporting 

activities – ‘No pain, no gain’; ‘No gain, no 
game’; ‘No game, no pain’.
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�Sports injury has multiple factors.
�P (sport injury) = P (random) X [extrinsic & intrinsic risk 

factors] X load
�Most of extrinsic risk factors can be 

modified.
�Pattern of loading affects the personality of 

injury.
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�Correct idea of warm-up – at least 3 
components: aerobic ex., sport-specific 
stretching & specific functional activities.

�Stretching alone is not useful.
�20 min. warm-up with training elements 

can significantly reduce injury risk during 
sport at all levels.
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