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In this study, elbow and knee joint kinematics of the non stationary ice hockey slap shot was
investigated using photogrammetric methods. Four right handed elite Turkish ice hockey players from
various teams participated in the study in order to scientifically obtain a general description of elbow
and knee joint kinematics during a non-stationary slap shot. The loading, contact and follow through
phases were analyzed using a dual camera and Pictran software system. The results showed an elbow
angle pattern consistent with previous studies, however a general knee angle strategy could not be

obtained.
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INTRODUCTION

The main aim of slap-shot is to shoot the puck with
maximal velocity (up to 140 km/h) directly towards the
goal and score (Woo, 2004). Slap-shot is the fastest shot
in ice hockey that is frequently used by all players
(Montgomery et al., 2004). There are several factors
affecting the success of slap-shot including stick stiffness,
stick mass, and puck mass. Stick construction has been
studied extensively (Worobets et al., 2006; Woo, 2004;
Wou et al., 2003; Pearsall et al., 1999). Although previous
studies proposed that stick stiffness is an important factor
affecting the speed of the puck (Villasenor et al., 2006),
recent studies (Worobets et al., 2006; Wu et al., 2003)
suggest that joint kinematics, skill level and body strength
are as important as the properties of the equipment.

The slap shot is executed in six distinct phases: (1)
back swing, (2) down swing, (3) preloading, (4) loading,
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(5) release and (6) follow through(Montgomery et al.,
2004; Wu et al.,, 2003; Pearsall et al., 1999). In the
preloading phase the stick makes the first contact with
the ice making the “slap” sound. In the loading phase the
puck is impacted by the (Pearsall et al., 1999). Slap-shot
has been previously analyzed in the laboratory (Woo,
2004) but not in the field. In laboratory studies the shots
had to be stationary.

Photogrammetry is the art and science of determining
the position and shape of objects from photogographs
(Kraus, 1993). Until now, this technique is used in
analysis of human and animal anatomy (Karabork, 2009;
Ege et al., 2004), architecture (Yilmaz et al., 2007),
production of topographic maps (Pesci et al., 2007),
three-dimensional motion analysis for different aims
(Goktepe et al., 2009; Yagisan et al., 2009; Goktepe et
al., 2008), and many others.

The rationale of this study was to analyze elbow and
knee kinematics of the slap-shot using photogrammetry
in the ice hockey field.
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Figure 1. Images from the
slap shot of a participant.

camera during a non- stationary

MATERIALS AND METHODS

In this cross-sectional study dependent variables were knee and
elbow angle during dynamic slap-shots (Figure 1).
Four male right handed elite ice hockey players voluntarily

—

Figure 2. The 1.0 x 1.0 x 2.0 m calibration frame with 12 control
points.

Figure 3. Marker positions and segments created.

participated the study. The players were between 18 and 29 years
of age with a mean height of 179 cm (+4), mean weight 79.25 kg
(x14.25) and an average of 12.25 years (+6.75) of experience.

The slap-shots were recorded at a stereoscopic view with two
digital cameras (Dragonfly Express, Point Grey Research, 2006) at
a frame rate of 60 frames/s. The cameras were placed approxi-
mately at a perpendicular position to each other. A Frame that
covered the volume of 1.0 x 1.0 x 2.0 m with 12 control points was
developed and used to calibrate the space where the slap-shots
were performed (Figure 2). Finally, to measure the real coordinates
of the calibration frame, a Topcon GTS 701 electronic digital
measurement device was used.

Tests were performed in a rink. During each slap-shot, partici-
pants wore their own gloves and skates and used their own stick.
Each participant performed 5 successful slap- shots towards the net
which was 13.0 m away from the puck. Successful completion of an
attempt was determined by verbal confirmation from the participant
approving the slap-shot and puck reaching the target.

Elbow and knee angles were calculated using six reflective
markers placed to the wrist (the pinkie side), elbow (radius head),
shoulder (on the acromio-clavicular joint), pelvis (directly over the
anterior superior iliac spine), knee (lateral epicondyle of the femur)
and fibula (Figure 3). Arm and forearm segments were defined by
connecting the first three markers to measure elbow kinematics. For
knee kinematics, the markers of the leg and lower leg were used.
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Figure 4. Knee extension strategies of players. (-1 and 1 phases in x-axis corresponds to third frames before and
after the contact point respectively, 0 phase in x-axis is contact point).

RESULTS

Average of elbow and knee angles obtained from
successful slap-shots are calculated for each player.
Players had different knee flexion strategy during the
slap-shot. Correlations between knee joint kinematics
and successful completion of a slap-shot could not be
established (Figure 4).

From the results obtained, the effects of the lower
extremity, in conducting the slap shot, could not be
understood. The results show no relation between the
knee joint kinematics and successful completion of a slap
shot. Figure 4 shows the change in knee extension
strategies of the participants. From the graph obtained, it
is not possible to make a general conclusion about the
effects of this angle during a non-stationary slap shot.

On the other hand, Figure 5 shows that the players
used similar elbow strategies while executing the slap-
shot. Elbow angles differed significantly between the
loading release and the follow through phases in each
player. At phase -1, in the loading phase, (Third frame
before the contact) the mean elbow angle was 144° (sd:
8°). At phase 0 (the contact point) the mean elbow angle
decreased to 137° (sd: 9° which was consistent with
previous studies; in those studies the elbow angle at
contact was 140° (Woo, 2004). At phase +1 the elbow
angle increases to 158° (sd: 5°). (sd: Standart Deviation).

DISCUSSION AND CONCLUSION

The aim in this study was to scientifically obtain a general
description of elbow and knee joint kinematics during a
non-stationary slap-shot in the athletes' natural environ-
ments. As defined by previous studies, the right elbow
and knee was named as the “trail eloow and knee” while
the left elbow and knee was named as the “leading elbow
and knee” (Woo, 2004).

This study was limited to Turkish players trained by
Turkish coaches. All players were male and results
should not be interpolated to females. Since ice hockey is
a game played on ice using specific equipment, limiting
the athletes' movement in laboratory setting would affect
the tests. Thus, the advantage of this study was the field
measurements.

Test conducted failed to define a general pattern for
trailing the knee joint angle during the slap-shot. The
study could be expanded to the “leading knee” to obtain a
general result about the lower extremity during a slap
shot with more cameras.

The elbow angle results for each player showed a
similar pattern. Previous studies provided quantitative
sets of data indicating the position and movement of the
upper body during a stationary ice hockey slap-shot. It
was found that, at contact the elbow was bent 140°
during a stationary slap-shot (Woo, 2004). In this study,
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Figure 5. Elbow extension strategies of players. (-1 and 1 in phases x-axis corresponds to third frames before
and after the contact point respectively, 0 phase in x-axis is contact point).

in the case of a non stationary slap-shot, it was found that
the elbow angle at contact was 136.5° (sd: 8.7° which
was in line with previous studies.

In conclusion, it is managed to obtain a general
description of the trail elbow but not the trail knee joint
kinematics during a non-stationary slap-shot.
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