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Performance and 
Health Concepts in 
Artistic Gymnastics

Elizabeth J. Bradshaw

Insert Text

Performance & Health?
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Artistic Gymnastics

Women’s - floor exercise, 

Men’s floor exercise vault

vault (table), balance beam, 
uneven bars.

Men’s - floor exercise, vault 
(table), rings, horizontal bar, 
parallel bars, pommel horse.
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TAKO (Category 1)
Take‐off or push‐off 
from a solid or 
elastic surface 
(optimum 
production of theproduction of the 
body’s take‐off 
velocities)

LAND (Category 5)

Landings 

Brüggemann (1994)

g
(maximum 
absorption of 
mechanical 
energy).

Insert Text

The development of sound 
technical skills in 
gymnastics requires 
suitable motor abilities (e.g. 
capacity to run, jump, leap, 
and swing), coordination, 
and static and dynamic 
t bilitstability.

(de Albuqurque and De Tarso Veras
Farinatti, 2007). 
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COMPETITIVE 
UTILIZATION

Fundamental Movement 

Specialised Movement Phase 
– Transitional Stage

Specialised Movement Phase 
– Application Stage

Specialised Movement Phase 
– Lifelong Learning Stage

6 t 7 ld

7 to 10 years old

11 to 13 years old

14 years old and up

APPROXIMATE AGE 
PERIODS OF DEVELOPMENT

ENVIRONMENTAL 
FACTORS

INDIVIDUAL 
FACTORS 

Phase –Mature Stage6 to 7 years old

FACTORS WITHIN THE 
TASK

FACTORS
(HEREDITARY)

Adapted from Gallahue
and Ozmun (2006)

Insert Text

Talent 
Identification

Talent 
Confirmation

Talent 
Development

Competitive 
Athlete

Fundament
al Phase ‐
Mature 
Stage

Specialised 
Movement 
Phase ‐

Transitional 
Stage

Specialised 
Movement 
Phase ‐

Application 
Stage
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Kindergym• Kindergym

• Recreational (GymFun)

• National competitive program 
(Levels 1-10)(Levels 1 10)

• International development program   
(IDP 3, 5, 6, 8, 10; Junior, Senior)

Insert Text

Code of Points
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Biomechanical 
Perspectives

• Governance and Rules 

• Positive and Negative Effects of Impact

• Impact on Training

Governance and Rules

• Influences routine composition (D score) 
and therefore performanceand therefore performance

• Influences technical execution (E score) 
but only if reinforced by the judges

• Influences safetyInfluences safety
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Feet must be held 
together, 
side-by-side when y
landing with 
deductions for:

• A visible gap 
between the feetbetween the feet 
(0.1)
• A step or hop (0.3)
• A deep squat (0.5)
• A fall (1.0)

Insert Text

Does this need to 
be changed back?

International Gymnast December 2009 p 48
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Terminal Landings

Primary aim is to; 

Stop the body’s momentum 
(vertically, horizontally, sideways)

Insert Text

By; 

(1) Cushioning the impact; and

(2) Dissipating the forces
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Head up
Arms forward

Ideal Landing Technique

 Arms forward
Hips flexed
Knees bent
Weight centered over ankles
Feet roughly shoulder width 
apartapart
Toe-heel landing

“Controlled  hip & knee bend 
when landing”

Tillman et al. (2004)

Lessons from Netball

Squad
Two Foot 
Landing

Right-Left 
Landing

Left-Right 
Landing

Senior 
(n=16)

7.68
+1.73 BW

4.80**
+0.77 BW

4.88**
+1.08 BW

Development 
(n=7)

7.87
+1.88 BW

5.14*
+0.76BW

4.90**
+0.71 BW

Junior 
(n=16)

9.00
+1 81 BW

- -

Unpublished data – significantly different to 
two foot landing *<0.05, **<0.01

(n 16) +1.81 BW

Average
8.18

+0.72 BW
4.97*

+0.24 BW
4.89**

+0.01 BW
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An investigation into a potential 
change to the footwork rule by allowing 
an additional step after landing foundan additional step after landing found 
that the players altered their technique 
and had the same impact forces

Otago (2004)
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• Has a large impact on the 
performance and safety of gymnasts

Governance and Rules: Review

p y gy

• Any change to COP must be done 
with caution 

• Biomechanical research should 
provide input on evaluating any 
potential changes e.g. Change to 
landing rules for women on floor

Insert Text

Effects of Impact

Gymnastics involves single or sequential
impacts with a surface either preceding
and/or at its conclusion
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Injury Incidence (Kirialanis et al, 2003)

20%

8% 46%

Ankle-Foot

Knee-Thigh

Lower Back

27%

Shoulder -
Upper Limb

Insert Text

ANKLE JOINT

KNEE JOINT 
INJURIES 
(FEMALES)

13% take‐offs 
80% landings  

7% falls

ANKLE JOINT 
INJURIES 
(FEMALES)

36% take‐offs 
48% landings 
16% falls

Kirilanis et al. (2003)
Nigg (1988)
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ANKLE JOINT

KNEE JOINT 
INJURIES 
(FEMALES)

13% take‐offs 
80% landings

7% falls

GRF’s typically 5 BW 
i i i & iANKLE JOINT 

INJURIES 
(FEMALES)

36% take‐offs 
48% landings
16% falls

in training & 11 BW in 
competition

Kirilanis et al. (2003)
Nigg (1988)

Insert Text

A kl J i RF’

Knee Joint RF’s 
typically 1‐2 BW’s

Controlled landing 
typically 5 BW in 

training

Ankle Joint RF’s 
typically 2‐3 BW’s

Nigg (1988)
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A kl J i RF’

Knee Joint RF’s 
typically 6‐9 BW’s

Competition (minimal 
crouch) landing 
typically 11 BW

Ankle Joint RF’s 
typically 6‐11 BW’s

Nigg (1988)

Insert Text
The amount of 

k fl i hknee flexion has a 
greater influence 
on the magnitude 

of the impact force, 
than the height 

droppeddropped

Stacoff et al. (1988)
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The impact forces 

b hi hcan be as high as 
18 BW if the 
landing is uneven 
or there is unusual 
foot placement

Panzer et al. (1988)

Insert Text

An unusual or uneven foot placement can 
result in increased dynamic valgus knee 
loads & increases the load on the ACL 

several-fold
Hewett et al. (2005)
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Attenuating more 
force on one leg 
amplifies the risk of 
injury and alsoinjury and also 
leaves the 
contralateral limb 
weaker and 
imbalanced, and 
unable to absorbunable to absorb 
the forces 
associated with the 
athletic task.

Kovacs et al. (1999)
Ford et al. (2003)

Knee Valgus Head DownKnee Valgus Head Down

Stopping forward motion through the toes
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• Handedness and footedness (lead limb) during 
gymnastics skills and everyday life [LATERALITY]gy y y [ ]

• One limb becomes conditioned for mobilization 
[DOMINANT LIMB] and the other for stabilisation

• Clinically, most estimate higher risk limbs as those with 
an asymmetry of more than 10 % (Grace, 1985)

Insert TextIn level 4-6 gymnasts, only 2 gymnastsIn level 4 6 gymnasts, only 2 gymnasts 
out of 15 (13%) tested had functionally 
symmetrical landings, with one 
gymnast having a staggering 73% 
asymmetry (X=18.14+20.46%).

I IDP t 11 t f 25

Lilley et al. (2007)
Unpublished data

In IDP gymnasts, 11 out of 25 
gymnasts (44%) displayed functionally 
symmetrical landings (X=6.85+14.59%, 
Max=32.74%).
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Sequential Landings

Has three purposes;

(1) To cushion the impact,

(2) To provide elastic propulsion, and

(3) Obtain correct posture for take-off

Controlled primarily by adjustments 
l iff f ifi kill / kto leg stiffness for specific skills/tasks

Musculoskeletal stiffness is created 
during ground contact time, as a 
result of the ratio created by maximal 

d i f d i lground reaction force and maximal 
leg compression.

Farley et al (1991)
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Leg stiffness is 
achieved through 
adjustments to theadjustments to the 
pre-contact muscle 
recruitment & muscle 
activation levels, as 
well as the geometry 
f th kl k &of the ankle, knee, & 

hip

Komi (2000)

Insert Text

RUNNING

Modified 
mainly by 
the knee 

HOPPING/HURDLING

Modified mainly by 
the ankle action

action

Stiffness at 
faster 

velocities

Stiffness at faster 
velocities
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REBOUND JUMP PUSH‐OFFREBOUND JUMP

Modified by the knee 
and ankle action

GCT     stiffness

PUSH OFF

Modified mainly by the 
shoulder action

GCT     stiffness



9/1/2010

23

Ankle (Hopping) Stiffness

47 91 kN/m47.91 kN/m

31.71‐31.99 kN/m

30.33 kN/m

20.07 kN/m

15.53 kN/m

Bradshaw et al (2006)

Eight Years Later

Unpublished data
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Positive Effects of Impact

Greene et al (2009)
Moresi et al (2010)

14, 38% Distal Tibia: Cortical Bone

‐ area, density, SSI

4% Distal Tibia: Trabecular Bone

‐ area, density, SSI

Greene et al (2009)
Moresi et al (2010)
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BONE
HEALTH

Participants
(n)

25 34 30 28

↑ 4% Distal 
Tibia/Radius 
Trabecular

↑ 14%, 
38%, 66% 

Greene et al (2009)
Moresi et al (2010)

Bone 
Measures

Trabecular
Density, 
Area & 
Bone 

Strength

Distal Tibia
Corticol
Area & 
Strength

•The trabecular bone tissue is believed to be 
the most responsive to strain through loading 
activity (Huickes et al., 2000) and is best 
achieved with gymnastics.

• The T&F athletes had a higher corticol SSI 
and may have a correspondingly lower stress 
fracture risk (Wachter et al., 2002). These 
skeletal responses may be due in part to the 
significantly differing overall calf size (girth), 
and also the differing sports surfaces for

Greene et al (2009)
Moresi et al (2010)

and also the differing sports surfaces for 
training and competition in gymnastics and 
athletics.  
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Effects of Impact: Review

• Negative effects = potential injury

• Positive effects = positive bone building

Insert TextThe most important 

Influences on Training

p
test of biomechanical 
research or input is 

whether it eventually 
improves 

performance and/or p
influences coaching 
and training practice
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• Qualitative video feedback is a 
common element of training

•Objective monitoring of training not 
common 

Insert Text

Bradshaw et al (2010)
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Bradshaw et al (2010)
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Case Studies
Sun‐Junior (International 6) Gymnast training the 
Handspring vault

LegendLegend

Decrement (Mdiff%>CV% in negative direction for performance)

Possible decrement (SWC%<Mdiff%<CV% in negative direction for performance)

No change to performance

Data not collected

Possible improvement (SWC%<Mdiff%<CV% in positive direction for performance)

Improvement (Mdiff%>CV% in positive direction for performance)
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Junior training the Yurchenko layout with 3/2 
twists

Legend

Decrement (Mdiff%>CV% in negative direction for performance)

Possible decrement (SWC%<Mdiff%<CV% in negative direction for performance)

No change to performance

Data not collected

Possible improvement (SWC%<Mdiff%<CV% in positive direction for performance)

Improvement (Mdiff%>CV% in positive direction for performance)

Insert Text

A precursor for a fast take‐off from 
the board when vaulting is to utilize 
vision early to control the approach 

(TARGET THE BOARD & TABLE)(TARGET THE BOARD & TABLE)

Bradshaw (2004)
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Gymnast 1 Gymnast 2

Yurchenko Layout 
7200

Yurchenko Open 
Tuck

Scores: 9.325 ‐
9.425

Scores: 8.025 –
8.225

T ti 7 t T ti F th

Bradshaw (2004)

Targeting: 7 steps 
before hurdle 
(17.20 m)

Targeting: From the 
hurdle (3.08 m)

Take‐off velocity: 
6.45 m/s

Take‐off velocity: 
5.92 m/s

Traditionally the running approach is carefully measured 
and rehearsed by gymnasts to enable reliable 

performance
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Training Competition

Baulking during the 
run‐up

Run‐up not working on 
competition podium

Stutter steps/ slowing 
down

Reliant on a carefully 
measured start mark

Take off from the backTake‐off from the back 
of the board

Intrinsic Factors

G th

Extrinsic Factors

R i  Growth
Muscle Soreness

Fatigue
Form

T i i  

Running 
Surface

Temperature
Event

Training 
Improvements
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Small and systematic stride 
adjustments to accommodate the 
obstacles (e.g. take‐off board) into 
the approach run without largethe approach run without large 

sacrifices to speed

Handspring/Tsukahara (Forward) Entry Vaults

Yurchenko (Round‐Off) Entry Vaults

Hurdle Take‐Off       Table Contact
(IT) (ET) (ET)

Hurdle            Step Into Hand    Take‐Off     Table Contact
(IT)              Round‐Off     Contact     (ET) (ET)

(IT)              (IT)

IT = implicit target ET = explicit target
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Train good running technique that starts with 
the first step

General Points

the first step
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Train the shortest run‐up distance possible to 
produce the highest possible speed that the 

gymnast can controlgymnast can control

Ensure that the run‐up has good structure and 
rhythm

Avoid a hop &/or skip to 
start  Start tall with 

one step back to initiate. 
Allows the knees toAllows the knees to 

drive up.

3‐4 steps for acceleration 
 Start targeting 

Change gear to increaseChange gear to increase 
cadence for final 6 steps 

into hurdle
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Vary approach distances by 
0.5 ‐ 2 m

Targeting

0.5  2 m

Variety of surfaces

Variety of targets & obstaclesVariety of targets & obstacles

Intention (tech. vs speed)

Insert Text

• Biomechanics not yet having a large 
impact on training like in other sports 

Influences on Training: Review

p g p
e.g. swimming, athletics

• Forward modelling by Yeadon 
(2009) in aerial skiing is starting to 
show great promise and would be of g p
great interest to coaches in 
gymnastics
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Biomechanical 
Perspectives

• Governance and Rules 

• Positive and Negative Effects of Impact

• Impact on Training

Insert Text

• There has been much focus on elite 
gymnastics 

Concluding Remarks

gy
- descriptions of specific skills
- reports on injury rates
- impact on growth

• More research is required on q
fundamental issues that can be 
broadly applied during training
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• Injury prevention research needs to: 
- focus more on the elementary y
years of gymnastics when the 
fundamental motor skills are 
being formed
- where there is the bulk of 
participantsp p

Thank‐you


