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hammer throw: Basics and technique of 
the world's best athletes 
by Klaus Bartoniet?., Lawrie Bnrclay and Dean Gaihercole 

« « Starting from a presentation of the 
biomechanical basics of the hammer throw the 
author characterizes the performance develop
ment, performance structure and the technique 
of Olga Kuzenkova, who was the leading female 
hammer thrower in 1996, as in previous years. 
The analysis shows that the world's best female 
hammer thrower demonstrates a high level of 
athletic technique although there is still room 
for further improvement. The main requirements 
for the men's hammer throw are also valid for 
the training structure of female athletes, i.e. (I) 
an increase of the training quality (high level of 
consciousness, execution of the training exercis
es corresponding with the demands af the target 
technique). (2) an optimisation of the effects of 
the yearly training cycle, by varying the compo
nents of the training load with regard to volume 
and intensity, and (3) a balancing of the training 
loads with restorative and prophylactic 
measures. ^ a 

Dr Klaus Bartonietz is a throws coach and works 
as a biomechanies expert ot the Olympic 
Training Centre Rheinland-Pfalz/Saarland -
Schiffersladt, Germany. 

Lawrie Barclay is a hammer throw coach (coach 
ofDcbbi Sosimenko) at the State Sports Centre 
Homebush, Sydney/Australia. 

Dean Gathercole is a biomcchanist. working at 
the Australian Institute of Sport/Sports Sciences 
- Biomechanies Department, Canberra/Australia. 

1 Binmeehanical basics of the hammer 
throvrf 

In the hammer throw, the distance thrown is 
determined by the velocity of release, the angle 
of release, the height of release and air resis
tance, and is represented by the relationship in 
equation 1 (see also Figure 1, next page), 

D = VQ^ / g c o s (/ ( \ s in2 a aghj , / VQ' ) 1 C [m] ® 

D = The distance thrown (m) (e.g. between 40 and 70m. 
Figure 1) 

vo - The velocity of the hammer al the moment of release 
(t=0), e.g.between 20 and 26m/s, c l Figure 1 

ao = The angle ol release (direction of the velocity at Ihis 
moment) 

ho = The height of release (approximately at shoulder 
height) 

g = The acceleralion of the Earth {9.81 m/s^) 
C = A factor charactensing the influence of air resistance 

on the distance thrown 
(i) negative lactor - decreased distance (windless, 
head wind) 
(ii) positive factor - increased distance (heavy tail wind) 

The most important factor for a long throw is 
the velocity of release (as a measure of the ham
mer's kinetic energy). It is one of the factors that 
can be maximised by the athlete's actions, the 
other being the angle and height of release, 
which can have optimal values. Despite the 
squared effect of release velocity (see equation 1), 
the linking with other parameters causes a quasi-
linear relationship between release velocity and 
flight distance of the implement in the targeted 
zone (i.e. from 40 to 70m, see Figure I]. 

Analysis has shown that female athletes 
achieve angles of release of between 29° and 
4 2 ° ( B A R I O N I E T / 1 9 9 4 . HlLDfßRANO/BARTÜNIETZ 1 9 9 5 , 

own unpublished data). However, an angle of 
approximately 44" is optimal (TUTEVICH 1967). 
Female athletes tend to have a flat release, which 
could possibly be caused by the unfavourable 
relationship between the hammer length and 
body height (compared to men), and/or by inef
fective leg work during the delivery phase, keep
ing the plane of movement too flat. A difference 
of 5" in the angle of release corresponds to a 
reduction in the distance thrown of approxi
mately Im, 
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Figure 1: Relationship between velocity of release and the distance thrown in the women's ham
mer throw 

Our analysis shows a tendency towards steeper 
release angles with increased performance, as 
shown in the examples below. A highly signifi
cant difference between the means of both 
groups (P<0.001) should be noted here. 
(1) 20 throws by 13 female athletes in the dis

tance range between 40,50m and 49,64m 
respectively. 

Average value: ao(av) = 36° 
Standard deviation: ±3.7° 
Minimum value: ao(min) = 29° 

Maximum value: ao(max) = 42° 

(2) 15 throws by 5 female athletes in the dis
tance range between 50,04m and 67,58m respec
tively. 

Average value: 
Standard deviation: 
Minimum value: 
Maximum value: 

ao(av} = 40° 
±3.0' 
ao(min) = 36° 

tto(max) = 45° 

The hammer should leave the hands at the end 
of the delivery at shoulder level. The height of 
release is determined by the athlete's physique 
and technique; ie, the distance thrown increases 
as the height of release increases (TuitviCH 1967). 

For a throw of 70m with the men's implement, 
air resistance will reduce the distance thrown by 
approximately 1.5m (TUTEVICH 1967). The women's 
implement has a surface area which is 75% of 
that of the men's implement. Therefore we can 
estimate that air resistance may reduce the dis
tance of a throw in the women's event by ap
proximately Im (windless conditions). 

If one considers the physical relationship 
between linear (vH) and angular velocities (wH) 

and the radius of the hammer path (rH), it is 
obvious that the thrower must obtain an opti
mum relationship between these parameters, 
which is represented by equation 2 (cf. Figure 2]. 

v^^ = f^• m» [m/sec] ^ 

If we assume that limits are set for the exten
sion of the radius, an increase in release velocity, 
e.g. from 22 to 25m/s, is linked with an increase 
of the (average) angular velocity by 2rad/s (see 
Figure 2]. This will lead to faster turns, with the 
overall time for the turns being reduced. The data 
in Table 1 highlight this. 

It can be noted that some athletes increase or 
stabilise the total time taken in the turns [Table 
1. part 2). This often leads to an increase in per
formance. The reason for this phenomenon could 
hypothetically be that improvements in perfor
mance are due to a wider radius of movement 
(e.g, changes in the duration of the single and 
support phases). If the athlete reaches a higher 
velocity of release but the total turning time re
mains the same (or even slower), then the radius 
of movemeni must be wider. This is acceptable, 
as it indicates that the throwers are utilising all 
the potential of their technique. Time interval 
data should not be over-rated. It should be inter
preted in combination with information about 
spatial parameters (e.g. radius, body and hammer 
positions). 

Equation 3 demonstrates how the square of 
the angular velocity (CDH) and the radius rH 
affect the centripetal force component (Fcp): 

Fcp = TlH- ^H- WH^ | N I 
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Rgure 2: Relationship between the hammer velocity (vH), radius (rH) and angular velocity (toH) 

Thus there are limits to the amount by which 
turning speed (angular velocity of the hammer) 
can be increased. From the thrower's perspective, 
an increase in the radius seems to be more effec
tive than -^n increase in angular velocity (ie. by 
creating and opening a marked twist between 
the hip and shoulder axis, as was common for the 
technical model of the 1970's), because the an
gular velocity is linked with a squared effect with 
the centripetal force component (see equation 3). 

The velocity of the implement during the turns 
and at the moment of release is the result of 
acceleration and deceleration of different parts 
of the thrower's body. The athlete must transfer 
a great amount nf kinetic energy in short time 
intervals and must strive for a shortening of the 
braking phases. In other words, she must achieve 
a corresponding high power level [equation 4). 

power = .\ energy / A time [kW) (§) 

Table 1: Total time for the turns and distance thrown at varying performance levels 

Parti 

Athlete 

Kuzenkova 

Melinte 
' Sosimenko 

Mathes 

Bayer 
for companson: 
Sedykh 

Weis 

SidorenKo 

Part II 

McNaugthon 

Matties 

ttx comparison; 

Weis 

Sidorenko 

Distance (m) 

64,40 
53.90 
64,38 
66,54 

60,20 
59.50 

48.90 

«1.24 
57.SQ 

75.40 
B2.34 

T4M 
^ 0 6 
7&sa 

52.66 

54.60 

77.72 
76,12 

78-32 

Result 
total 

duration [s] 

2.57 
2.46 
2.46 

2.18 
1,77 
1,70 

1,64 

2,24 
1,72 

1,60 
1.47 

2.23 
2.18 
2.12 

2,25 

2.30 

2.22 
2-16 
2,04 

< Result 
Distance [mJ 

67.58 

69m 
62,70 
62:86 

sa^ 
63.94 
6 0 ^ 

6 2 ^ 
«4.92 
7ft20 

60.64 

95,28 
56:00 
5 7 ^ 

60.46 
80.52 

80.76 

Total 
duration [s] 

2,40 

2.06 
1,64 
1.62 

1.56 

2,16 
1.66 

1.47 
1.43 

2.13 

2.06 

2.26 
2.38 
2.28 

2.22 
2.16 

2.02 

Date 

25-2-96 
11-2-96 
11 -2-96 
23-5-97 

25-2-96/11 -2-96 
11-2-96 
10-7-93 

(BARTONIETZ 1994) 

23-5-97 

29-5-96/27-4-96 

(BAHTONieTz 1994) 

14.5-94/28-7-91 
14-5-94 
6-6-92 

26-1-96 
11-2-96 

14-5-94 

6-6-92 
3-8-97 

3-8-97 
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In the case of a rotational movement, the 
average power exerted on the implement (PH) is 
determined by the moment of inertia (IH) and 
the angular velocity (toH) - equation 5. 

P H - I H - Ü J H IkW] (D 

Equation 5 underlines that a wider movement 
path (increased momentum of inertia) and/or 
faster turns (increased angular velocity) basically 
require a corresponding level of driving power in 
physical terms. An increase in angular velocity 
does not automatically lead to faster hammer 
speed (based on equation 3). if, at the same time, 
the movement radius is decreased (e.g. by a more 
upright body position and thus a lower moment 
of inertia). Only the necessary power level, devel
oped by special training, can guarantee the 
effective interaction between movement path 
(radius) and angular velocity. 

2 Characteristics of Olga Kuzcnkova's 
technique 

Olga Kuzenkova was the leading female ham
mer thrower in 1996, as in previous years. Her re
sult of 69,46m, set on 2nd February 1996 at the 
Sydney International Athletic Centre in Home-
bush, was a World's best performance. Table 2 
shows her performance development over the 
years. 

Her performance structure is characterised by 
her best weightlifting results of: 

Full squat 150kg 
Clean 100kg 
Snatch 70kg (from floor). 

Olga's best performance in the shot put is over 
16m, Her first hammer competition was at the 
national championships in Russia, at the age of 
19, where she recorded a throw of 45m. She has 
forecast that a throw of at least 75m will be the 
winning mark at the 2000 Olympics (BARCLAY 
1996). 

Her technique is an example of an almost per
fect implementation of the target technique, in 

Table 2: Performance development of Olga 
Kuzenkova, Russia 

Born: 4 October 1970. 
arm span 1,77m 

Year 

1990 
19191 
1992 
19(» 
1994 
1995 
1996 
1997 

body mass 70hg, height 1,76m, 

Result 

59,34m 
61.52m 
65.40m 
64.64m 
66,84m 
6e,16m 
69.46m 
73,10m 

general, with great emphasis being placed on the 
function of support and drive. Olga's technique 
can be categorised by the following characteris
tics: 

(i) She uses two preliminary swings (as do the 
majority of female and male hammer throw
ers). At the high point of the second swing 
there is an active turn of the upper body 
towards the hammer, to sweep the imple
ment to the front. The low point is reached at 
a 7 o'clock position, 

(ii) She uses a wide initial stance (47% wider 
than her shoulder width) as she goes into the 
first turn. The distance between the feet de
creases from the stance at the start (0.55m) 
up to the delivery (0,37m) by about 35% (see 
Figure J), 

(iii) From turn to turn, a shortening of the dura
tion of the single support phase occurs, with 
the double support phases being longer than 
the single support phases (see Table 3). This 
Influences the performance, in that the best 
throws are characterised by the shortening of 
the single support phases in favour of the 
double support phases [Figure 4]. 

(iv) Going into the first turn relatively late (at a 
2:30 o'clock position), the head is leading the 
movement. Looking at the head of the ham
mer would be more effective for a wide ham
mer movement and a fast turn under the 
hammer (out-run). The arms are elevated, 
reducing the radius (note the broken line 
"shouiders-grip-hammer head" in Figure 4). 
Figure 4 compares her body positions going 
into the first turn with the target position. 
Using the target position, the athlete could 
gain additional centimetres of radius, main
taining this advantage up to the last turn 

(v) During the four turns, at the moment of 
right foot plant, the angle of twist between 
hip and shoulder axis reached almost 40 ' . 
This occurred due to the wide path of the 

Table 3: Duration of leg work phases of Olga 
Kuzenkova's throws 

66,OOm 30-June.95 Goodwill-Meeting St. Petersburg 

duration of phases [sj 
turn single double interval "rfght foot 

plant - left heel down" 

1 0,30 0.50 0,24 
2 0,26 0,30 0,18 
3 0,24 0,26 0,18 
4 0.22 0,30 0,12 

67.58m Optus Grand Prix Hobart 25-Feb-96 

duration of phases Is) 
turn single double 

1 0-30 
2 0,23 
3 0.24 
4 0.2S 

0.50 
0.35 
0.23 
0.30 
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r ight foot 

Figure 3: Trajectory of the hammer head and hammer positions at the moment of take-off and 
right foot plant - view from behind: Olga Kuzenkova, 66.00m 30 June 1995, St. Petersburg/Russia 

hammer head and the fast turn of the right 
leg around the lef t . In comparison, in 
Sedykh's world record throw of 86.74m, 
accomplished with 3 turns, at the moment of 
right foot plant, there was a difference in the 

shoulder and hip rotation of 50°. 
The early catch of the hammer: 

Ist turn - 10:30 o'clock position. 
2nd turn - 10 o'clock position, 
3rd and 4th turns - 11 o'clock position. 

1st turn 2nd turn 3rd turn 4th turn 

^M 63.90m ^ ^ H 67.58m 

Figure 4: Portion of the double support phases of the time interval for each tum 
(duration of single support + duration of double support - 100%) 
Throws of Olga Kuzenkova. Optus Grand Prix. Hobart. Australia 25 February 1996 
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Figure 5: Body position going into the first 
turn: Olga Kuzenkova, 66.00m (full lines) and 
body position of the target technique (broken 
lines) 
Note: The body position of the target technique 
is characterised by a lower centre of gravity. 

Figure 3 shows the trajectory of the hammer 
movement. A negative aspect of this throw is 
that the double support phase of the second turn 
starts relatively late (67,58ms late at the begin
ning of the double support phase of the 3rd 
turn). A fast plant of the left heel occurs (see 
Table 3], before the low point of the hammer's 
trajectory is reached, with effective working of 
the right against the stable left side (driving the 
upper body plus the triangle "shoulder axis-
grip"). 

(vii)At the low points no more twist occurs, but 
there is a "tracking angle" (see Figure 6), and 
the hip and shoulder axis are almost parallel. 
This shows that the legs are the effective 
"engine" for driving the implement through 
the low points of its trajectory (except for 
the 3rd turn, see Figures 3 and 6]. Often both 
female and male athletes finish the accclera-

Accs lBca tu .on D a c e l e r a t : l o n 

•Ftang ^tang " 1° ' t ang 

loa pclnC low point 

" t racking 
*ngZa" 

Figure 6: The main phases of the hammer throw (BARTONIETZ 1987, above) and positions of the 
hammer, amis and shoulder axes at the low points of the hammer's trajectory, Olga Kuzenkova, 
throw of 66.00m 30 June 1995 (t)elow) 
Note; An angle between the hammer head, gnp and middle of ttie shoulder axis of <180' points to an acceleration 
(eg. of 168^ 1st turn; The "tracking angle" is determined by 180̂  - ^68' - 12*̂ ). 
The arrows above the shoulder axis show the direction of movement of the shoulder girdle. 

106 New Studies in Athletics • no. 2-3/1997 lAAF quarterly 



tion phases before the low point is reached, 
in which case two acceleration phases can be 
noted (HILDEBHAND/BARTONIETZ 1995). 

(viii) The athlete achieves an almost optimal 
angle of release of 41" (distance 67.58m), The 
crossed tegs during the delivery (66.00m, 
67.B8m), caused by an early hip and knee 
extension of the free leg towards the ground, 
possibly hinders the maximum effort of the 
f inal pull, The jumping movement after 
release, with a shift of body weight to the 
left, is an indication of remaining impetus, 
which could be better used for a more pow
erful final pull. 

3 Summary and conclusions for 
t f j i in ing 

• The permanent development of the knowledge 
of the basic elements of the hammer throw 
technique (the correct internal image of the 
technique) is a must for both coaches and ath
letes. This study will attempt to give guidance 
to coaches and athletes to help them obtain 
the necessary basic and special knowledge, as a 
background for the analysis of the technique 
and the planning of the training load of their 
own athletes. 

• The world's best female hammer thrower de
monstrates a high level of athletic technique. 

This, in association with results from other 
throwing events, has facilitated the targeting 
of the performance factor "event technique" 
and its importance for peak performances. 
However, despite all the positive elements 
shown, the analysis shows that there is room 
for further improvement. 
The main requirements for the men's hammer 
throw (eg. BAKARYNOV 1987) are also valid for 
the training structure of female athletes, ie: 

- an increase of the training quality (high level 
of consciousness, execution of the training 
exercises corresponding with the demands of 
the target technique), 

-an optimisation of the effects of the yearly 
training cycle, by varying the components of 
the training load with regard to volume and 
intensity. 

- a balancing of the training loads with restor
ative and prophylactic measures. 

In the hammer throw there exists an inseparable 
relationship between technique and perfor
mance; the perfection of technique has to be a 
full year task. Any strength increase must com
ply with the demands of technique (special 
training on a year-round basis). Unity of skill 
and capacity is the leading principle of strength 
and technique training. 
The event-specific kind of leg power, in terms 
of physics, is the crucial element in hammer 

Figure?: Special strength training exercises for female hammer throwers (BONDARCHUK 1985, 
VoRONKiN, LiMAR 1989, adapted) 
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throwing. Figures 7 and 8 and Table 4 show 
special strength exercises, useful also for fe
male hammer throwers. For advanced athletes, 
throws with heavy implements are effective 
activities for increasing leg power. 
Throws with lighter implements are useful for 
developing the speed movement pattern of the 
throw (neuromuscular co-ordination), but they 
demand a lower power level in comparison 
with the competition implement (Bartonietz 
1987), Analysis of throws with hammers of 
various lengths and masses seems to show the 
same results for men as for women However, 
the specific movement pattern of throws with 
implements of different masses and lengths 
does not automatically cause the necessary 
changes required for improvement of the com
petition throws. The intended changes happen 
only after consideration of the technique of 
throws with different implements (Bartonietz 
1987). 

From 3D-video analysis of the women's ham
mer throw (Hildebrand/Bartonietz 1995), the 

following recommendations can be given: 
-Strive for a wide movement path of the im

plement going into the first turn (based on a 
flexible shoulder axis with a full extension of 
the arms). 

- Keep the body low going into the first turn 
and subsequent turns, to create a wide move
ment path of the implement and a powerful 
leg extension during the delivery. Being too 
upright seems to be the result of insufficient 
specific leg and trunk power. 

-Before increasing maximum strength level, 
try for effective use of the current physical 
ability in the necessary body positions (spe
cial strength exercises): use drills (eg, multi
ple swings and turns with weights of differ
ent forms and masses) and simulations, in 
order to feel comfortable in the position. This 
is necessary to avoid a gap between physical 
ability and skill. 

- Coaches have to watch for the key body posi
tions, and they should become acquainted 
with the interaction between thrower and 

Figure 8: Special strength exercises for female hammer throwers (ARBEIT et al. 1988, adapted) 
above: high kettlebell swings with 180" tum, below: barbell disk swings 
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hammer. Familiarisation with the transfer
ence of momentum between athlete and im
plement (redistribution of rotational energy) 
is essential. 
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