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ABSTRACT The present study was conducted on 50 adult males aged between 18-24 years tofseedha 60D days
conditioning programme on their shoulder swing time durinfpdint laps of 3000 meter running and on performance

time of 3000m runA video film in the sagittal plane of right side of the body of the subject while performing 3000m run
distance was recorded with a sophisticated video movie camera (in built time device) operating at 60 frames per second.
It was observed that the right and left shoulder swing time, ratio of right and left shoulder swing time dierieigt dips

of 3000m running are statistically significantly improved (p<0.05) and the performance time of 3000m run also significantly
decreased. No significant F- statistic was given by the order of variables entered in multiple regression analysis during pre
test, post test-1 and post test-2, but the left shoulder swing time in the 15th lap of 3000m run indicate its importance in
performance time of 3000 m run. Itis concluded that the conditioning programme has caused a process of self-optimization
of biomechanical aspects of running style to develop such a movement patterns which act as a fine tuning device to
improve 3000m running time.

INTRODUCTION influencing 3000 m distance running perfor
mance, the present study has therefore been
The changing scenario in the field of running planned to be executed on subjects ugaiag a
performance due to the introduction of scientific conditioning programme of three months dura-
training methods all over the world has led totion to investigate the shoulder swing time re-
the preparation of athletes who are conditionedsponses and theirfe€t on 3000 m run perfor
to develop almost comparable physiological ca-mance time.
pabilities. Recent evidence related to middle dis-
tance running has indicated running economy as MATERIAL AND METHOD
an important correlate of successful running per
formance among individuals having comparable The present investigation is a part of a major
values of maximal aerobic power (Daniel 1985).investigation conducted during 1999 to 2000 on
Williams and Cavanagh (1987) have identifiedfifty adult male students of ddrent courses
a number of biomechanical variables that are sigstudying at Indira Gandhi Institute of Physical
nificantly related to running economy indicating Education and Sports Sciences, New Delhi were
that running mechanicsfatt metabolic engy ~ examined.The age of the subjects ranged be-
demand. Magan et al. (1994) observed a decre-tween 18-24 yeard.hey were physical active
ase in aerobic demand of runners by optimizingand free from any medical contraindications.
their biomechanical variables by traininthe In order to have a stride time record of the
results of their study clearly imply that biome- subjects responses to conditioning programme,
chanical factors contribute significantly to the de-a video film in the sagittal plane of right side of
termination of running economy the body of the subject while performing 3000m
A number of investigators have already dem-run distance (which consists of 15 laps of 200
onstrated the &fct of a conditioning /or training meter each and for a selected distance) was re-
programme on the physiological and morpho-corded at IGIPESS outdoor track with a sophis-
logical variables in middle and long distance ru-ticated video movie camera (Panasonic- with tim-
nning athletes (Lortie et al.1984). But there areing devices) operating at 60 frames per second.
very few studies related to a conditioning/ or tra- The video camera was fixed on a tripod stand so
ining programme which considers biomecha-that the focal axis of the lens was perpendicular
nical responses particularly on Indian athletesto the plane of motion, and the camera-subject
Keeping in view the role of shoulder swing time distance was kept lge enough to minimize per
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spective erroit is likely that kinematic changes b) Post-Test — 1 [PT1] that is, after the com-
can occur with conditioning, in the other planes pletion of first mesocycle (45days)
also as yet the greatest proportion segmentat) Post-Test —2 [P12] that is, after the com-
motion during running occur in the sagittal plane, pletion of second mesocycle (90days)
therefore, it is convincing to believe that adjust- Data analysis, using SPSS-X software in-
ments would be most readily detected in thisvolved the computation of descriptive statistics
plane. Prior to filming, reference markers were(Meanzx SD) to describe the physical character
placed on anatomical landmarks by palpation ofistics of the subjecté difference among dir-
the bony prominences of the respective shoulent groups concerning kinematic variables was
der, elbow wrist, hip, knee and ankle joints. Sub- assessed by using a repeated-measure one-way
jects wore their own athletic shoes and shoeanalysis of variance (ANQ)). Post hoc com-
markers remained glued in position for the pre-parisons were accomplished using Staek
and post conditioning measuremefitse video  multiple regression analysis was also used to
film thus recorded was analyzed on a high qualdbring into light the importance of some kinematic
ity playback unit (\Mleo Cassette recorddéda-  variables influencing 3000 m running perfor
tional) having single frame advance capabilitiesmanceThe probability level accepted for statis-
to record kinematic variableShe single frame tical significance was set at p<0.05.
advance feature of this play back unit (VCR)
enabled the investigator to take frame-by-frame RESULTS
measurements.
The mean age and height was 20.2+1.37 years
Design of a Conditioning Pogramme and 169.17+5.24 cni.he mean value of body
weight and total time taken for 3000m running
The conditioning programme lasted for 90 after conditioning programme#ble 1) shows a
days comprised of two mesocycles, of 45 daydrend of decrease.
eachThe first mesocycle consisted of exercises
targeted to improve static flexibility and cardio- Table 1: Descriptive statistics of subjects
respiratory enduranc&he second mesocycle on \iapies Pre test  Post- el Post. test.2
the other hand was designed to include those ex oyears) 202 £ 137202 £ 137 202 £ 137
ercises which could improve dynamic flexibil- BgdyyWeight 62.31+ 6.53 60.23+ 6.75 61.27+ 6.61
ity, muscular strength and endurance. Each (g
mesocycle was further divided into two sub- Height(cm) 169.17+ 5.24169.17+ 5.24169.17+ 5.24
phases that is phase-1 (22days) and Phase-Il (2Btal Time 812.96+77.84780.28+65.97746.55+69.48
days).The exercise regimen was administrated (Tszkfonn ds)
in the morning to the subjects five days a week
and the duration of each daily session was kept
45 minutesAll subjects were asked to adhere to Right Shoulder Swing Time
(a) No consumption of alcoholic drinks, drugs,
or any other stimulant prior to a conditioning  The mean dferent right shoulder swing time
programme, (bJo avoid strenuous physical ac- during 3000m run before, after post- test -1 and
tivity for a minimum of 12 — hours prior to a post test-2 is shown ifable 2.The minimum
conditioning programme, and (c) Daily atten- value of right shoulder swing time is found dur
dance and commitment to the conditioning sch-ing the fifteenth lap in pre test (0.354+0.02 sec-
edule, during the course of conditioning pro- onds), first and fifteenth lap in post test-1

gramme. (0.376+0.03 seconds) and fifteenth lap in post
test-2 (0.377+0.04 seconds).
Testing Protocol ANOVA (Table 3) reveals that significant

improvement in right shoulder swing time is wit-
The selected kinematic, physical and biologi-nessed in all the laps of 3000 m running except
cal variables were recorded at the following 3“and 4 lap but Schéé, revealed that this dif-
stages: ference occurs only if2 4"to 12" and 14 and
a) Pre—Test [PT] that is, before the start of a 15" laps of running in the pretest vs. post test- 1
conditioning programme group whereas pre test vs. post test-2 group shows
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Table 2: Mean + SD of right shoulderswing time Table 3:Analysis of variance right shoulderswing time

(seconds) during 3000 m run during 3000 m run

Variables Pre-test Post-test-2 Variables (S9b (SSw F-Value

Right Shoulder Swing  0.362+0.03 0.397£0.03  Right Shoulder Swing  0.015  0.001 13.20*
Time at 1-Lap Time During 1-Lap

Right Shoulder Swing  0.366+0.02 0.383£0.03  Right Shoulder Swing  0.004  0.001 3.94*
Time at 2-Lap Time During 2-Lap

Right Shoulder Swing  0.375+0.02 0.382+0.03  Right Shoulder Swing  0.0008 0.001 0.68
Time at 3-Lap Time During 3-Lap

Right Shoulder Swing  0.381+0.02 0.396+0.03  Right Shoulder Swing  0.002  0.008 3.05
Time at 4-Lap Time During 4-Lap

Right Shoulder Swing  0.376+0.02 0.398£0.03  Right Shoulder Swing  0.006  0.008 8.54*
Time at 5-Lap Time During 5-Lap

Right Shoulder Swing  0.377+0.02 0.401+0.03  Right Shoulder Swing  0.007  0.0009  7.95*
Time at 6-Lap Time During 6-Lap

Right Shoulder Swing  0.377+0.02 0.399+0.03 Right Shoulder Swing  0.007  0.0009 8.52*
Time at 7-Lap Time During 7-Lap

Right Shoulder Swing  0.381+0.02 0.400£0.03  Right Shoulder Swing  0.004  0.0007 5.93*
Time at 8-Lap Time During 8-Lap

Right Shoulder Swing  0.378+0.02 0.401+0.02 Right Shoulder Swing  0.007  0.0006 10.99*
Time at 9Lap Time During 9-Lap

Right Shoulder Swing  0.376+0.02 0.396+0.03  Right Shoulder Swing  0.007  0.0007 10.06*
Time at 10-Lap Time During 10-Lap

Right Shoulder Swing  0.379+0.02 0.401+0.02 Right Shoulder Swing  0.006  0.0006 9.62*
Time at -Lap Time During 1-Lap

Right Shoulder Swing  0.378+0.02 0.396+0.02  Right Shoulder Swing  0.005  0.0006  8.10*
Time at 12Lap Time During 12-Lap

Right Shoulder Swing  0.378+0.02 0.395£0.02  Rjght Shoulder Swing  0.003  0.0006 5.31*
Time at 13-Lap Time During 13-Lap

Right Shoulder Swing  0.370+0.02 0.390+0.02  Right Shoulder Swing  0.006  0.0006  9.52*
Time at 14Lap Time During 14-Lap

Right Shoulder Swing  0.354+0.02 0.377+0.04  Right Shoulder Swing  0.008  0.001 6.78*
Time at 15-Lap Time During 15-Lap

C . L _ *Significant at .05 level
a significant improvement in right shoulder swing

time in all the laps except'3ap. Post- test- 1 vs. Ratio of Right and Left Shoulder
Post- test — 2 groups reveals a significant chang8wing Time
of right shoulder swing time only in the first lap

of 3000 m run. The mean value of ratio of right and left shoul-
der swing time (@ble 6) during dferent laps of
Left Shoulder SwingTime 3000 m run show a mixed trend of increase and

decrease after a conditioning programme.

The mean dferent left shoulder swing time ANOVA (Table 7) and Schif reveal that a
during 3000m run before, after post- test -1 andrend shown by the ratio of right and left shoul-
post- test-2 is shown ifable 4. The minimum  der swing time is statistically significant during
value of left shoulder swing time is found during 2"lap, 4" lap, 7" lap, 9' lap, 10' lap, 12'lap
the fifteenth lap in pre test (0.354+0.02 seconds)and 13 lap in the pre test vs. post test-1 group
first lap in post- test-1 (0.372+0.03 seconds) ancand during 1 lap, 2¢ lap, 11" lap, 14' lap and
fifteenth lap in post- test-2 (0.369+0.03 seconds)15" of the run in pre test vs. post test-2. Simi-

The results oANOVA (Table 5) reveal that larly the post- test-1 vs. post- test-2 group shows
the left shoulder swing time during fdifent laps  statistically significant changes in the ratio be-
of 3000m run increase after conditioning tween right and left shoulder swing times during
programme. In statistical terms that is the Sehef 1stlap and 12 lap of 3000 m run.
test reveals that the change assumes significance The multiple regression analysis by consid-
in 10" lap and 1% lap of 3000 m run in the ering total performance time of 3000 m run as
pretest vs. post test-l group, arf] 8", 7", 9" dependent variable and right and left shoulder
12" and 1% laps in the pre test vs. post test-1l swing time during each lap of 3000 m run as in-
group. dependent variable in pre- test, post- test-1 and
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Table 4: Mean + SD of left shouldeswing time (seconds)
during 3000 m run
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Table 5: Analysis of variance left shoulderswing time
during 3000 m run

Variables Pre-test  Post-test-l Post-test-11 Variables (SSb (SSw F-Value
Left Shoulder 0.363+0.03 0.372+0.03 0.381+0.03  Left Shoulder Swing  0.004 0.001 3.28*
Swing Time Time During 1-Lap
at1-Lap Left Shoulder Swing ~ 0.001 0.001  1.45
wing lime Left Shoulder Swing ~ 0.00006 0.001 0.05
at 2-Lap Time During 3-Lap
Legwsir?g%l%ir 0.375£0.02 0.375+0.04 0.377£0.04 | oft Shoulder Swing  0.002  0.0008  2.36
Time During 4-Lap
at 3-Lap ; *
Left Shoulder 0.382+0.02 0.383+0.03 0.393+0.03 '-eTfF Sh%"d.ef Swing  0.004  0.0009  4.06
Swing Time Left Shoulder Sv:/ir?g? 0.005  0.001  4.90*
at 4-Lap : . . ' :
Left Shoulder 0.376+0.02 0.388+0.03 0.393+0.03 Time During 6-Lap
Swing Time Left Shoulder Swing ~ 0.003 0.0009 31.3*
at 5-Lap Time During 7-Lap
Left Shoulder 0.377+0.02 0.391+0.03 0.397+0.03  Left Shoulder Swing  0.002 0.0008 2.99
Swing Time Time During 8-Lap
at 6-Lap Left Shoulder Swing  0.003 0.0006 5.20*
Left Shoulder 0.377+0.02 0.386+0.03 0.392+0.03 Time During 9-Lap
Swing Time Left Shoulder Swing ~ 0.004 0.0007 6.21*
at 7-Lap Time During 10-Lap
Left S_hOU!dEI’ 0.381+0.02 0.391+0.03 0.395+0.02 Left Shoulder Swing 0.002 0.0005 4.36*%
gt‘"’ér_‘ggr')me Time During 1-Lap
Left Shoulder 0.379+0.02 0.391#0.02 0.395+0.02 Leﬁnﬁg%ﬂ‘?%sﬁ'ﬂp 0.003  0.0007  3.93
Swing Time !
Left Shoulder Swing  0.001 0.0007 2.15
at 9-Lap : A
Time During 13-Lap
Legtwﬁ’r?g#i'dmﬂ 0.376x0.02 0.391£0.02 0.394£0.03 | ¢ qpouider Swing  0.003  0.0006  5.10¢
at 10-Lap Time During 14-Lap
Left Shoulder 0.380+0.02 0.391+0.02 0.394+0.02  Left Shoulder Swing  0.003 ~ 0.001  3.18*
Swing Time Time During 15-Lap
at 11-Lap *Significant at .05 level
Left Shoulder 0.378+0.02 0.384+0.03 0.393+0.02 9 :
Swing Time
at 12-Lap post test-2 shows that during pre- test, post- test-
'-egwsi‘r?g%'%ir 0.379£0.02 0.38720.02 0.39020.03 | 5nd post test-Il, the order of entered variables
at 13-Lap in regression analysis is fiifent from each other
Left Shoulder 0.370+0.02 0.385+0.02 0.383+0.02  and all of them give a non-significantBnd F-
ast‘"’l"jl?l_T;me statistic at .05 level and their respective values
Left Shoulder 0.354£0.02 0.368+0.03 0.369:0.03 are R2=0.52584 and F=.981;%R 0.46695 , F
Swing Time =0.554 and R=0.606629, F =0.97Blthough
at 15-Lap there is no statistical significant F- statistic gi-

Table 6: Mean +SD of Ratio between right & left shouldeswing time during 3000m run

Variables

Ratio between Right and Left Shoulder Swifime at 1-Lap
Ratio between Right and Left Shoulder Swifime at 2-Lap
Ratio between Right and Left Shoulder Swifime at 3-Lap
Ratio between Right and Left Shoulder Swifime at 4-Lap
Ratio between Right and Left Shoulder Swifime at 5-Lap
Ratio between Right and Left Shoulder Swifime at 6-Lap
Ratio between Right and Left Shoulder Swifime at 7-Lap
Ratio between Right and Left Shoulder Swifime at 8-Lap
Ratio between Right and Left Shoulder Swifime at 9-Lap
Ratio between Right and Left Shoulder Swifime at 10-Lap
Ratio between Right and Left Shoulder Swifime at 1L-Lap
Ratio between Right and Left Shoulder Swifime at 12-Lap
Ratio between Right and Left Shoulder Swifime at 13-Lap
Ratio between Right and Left Shoulder Swifime at 14-Lap
Ratio between Right and Left Shoulder Swifime at 15-Lap

Pre-test Post-test-1 Post-test-11
0.99+0.01 1.01+0.04 1.04+0.03
0.99+0.01 1.01+0.04 1.01+0.03
0.99+0.01 1.01+0.06 1.01+0.03
0.99+0.02 1.02+0.04 1.00+0.04
1.00+0.01 1.02+0.06 1.01+0.03
1.00+0.02 1.01+0.05 1.01+0.03
1.00+0.01 1.03+0.06 1.01+0.03
1.00+0.01 1.01+0.04 1.01+0.03
0.99+0.01 1.01+0.05 1.01+0.02
1.00+0.01 1.01+0.04 1.00+0.02
0.99+0.02 1.00+0.03 1.01+0.03
1.00+0.01 1.03+0.07 1.00+0.03
0.99+0.02 1.00+0.06 1.01+0.03
0.99+0.01 1.00+0.04 1.01+0.03
1.00+0.01 1.02+0.05 1.02+0.04
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Table 7:Analysis of variance of ratio between right and left shouldetime during 3000m run

Variables (S9b (SHw F-Value
Ratio Between Right and Left Shoulder SwiFigne During 1-Lap 0.026 0.001 21.05*
Ratio Between Right and Left Shoulder Swifigne During 2-Lap 0.005 0.001 4.68*
Ratio Between Right and Left Shoulder Swifigne During 3-Lap 0.005 0.001 3.17*
Ratio Between Right and Left Shoulder SwiFigne During 4-Lap 0.006 0.001 4.12*
Ratio Between Right and Left Shoulder Swifigne During 5-Lap 0.004 0.001 2.85
Ratio Between Right and Left Shoulder SwiFigne During 6-Lap 0.001 0.001 1.34
Ratio Between Right and Left Shoulder Swifigne During 7-Lap 0.01 0.001 6.36*
Ratio Between Right and Left Shoulder SwiFigne During 8-Lap 0.001 0.001 1.72
Ratio Between Right and Left Shoulder SwiFigne During 9-Lap 0.005 0.001 3.96*
Ratio Between Right and Left Shoulder Swifighe During 10-Lap 0.004 0.001 3.97*
Ratio Between Right and Left Shoulder Swifighe During 1L-Lap 0.005 0.0009 5.62*
Ratio Between Right and Left Shoulder Swifighe During 12-Lap 0.012 0.002 5.68*
Ratio Between Right and Left Shoulder Swifighe During 13-Lap 0.002 0.001 1.42
Ratio Between Right and Left Shoulder Swifighe During 14-Lap 0.004 0.0009 4.40*
Ratio Between Right and Left Shoulder Swifighe During 15-Lap 0.006 0.001 4.1

*Significant at .05 level

ven by the order of variables entered in regres 1987). Brisswalter et al. (1996) observed that
ion analysis during pre- test, post- test-1 and postwith training athletes developed slow but steady
test-2, but the left shoulder swing time in the fif- improvements in the running economy
teenth lap of 3000m run indicate its importance In the last lap of 3000 m run, because of its
to the total performance time in 3000 m run.  sprint nature, the body segments must ugaler
high angular accelerations to place the body in a
DISCUSSION position necessary to sustain sprirtie results
of the present study attach significance to the
Three thousand meter running involves move-swinging movement of the upper extremity that
ments of the legs, arms, trunk etc. in a well-eoor is shoulder swing and arm movements in run-
dinated and cyclic manner both at steady pace afing performanceThis is understandable be-
running as well as accelerated movements resengause vigorous back swing of arms causes the
bling sprint running in the last phase of the racelegs to stride furtheAccording to Dyson (1970),
The conditioning programme has resulted in sig-the arms act as spur on the legs which speed up
nificant changes in the abilities of the subjects toand consequently add to their horizontal drive.
move the shoulder (right and left) that is increaseSchmolinsky (1978) are of the view that body
their swing time. rhythmic movements and the arms assist the run-
These improvements in the shoulder swingner to maintain the stride rhythm. In general,
time during various laps of 3000m reasonablymechanical swinging movement of the arms help
suggest that the conditioning programme haghe main movement in a number of ways. It can
caused self-optimization process to developincrease the momentum of the main movement,
movement patterns that require minimum ggier it can produce rotationalfett or it can help in
and exert less stress to the hdflyedenhag and maintaining the balanc&howmick and Bha-
Sjodin (1985) observed that with training ath- ttacharyya (19883oncluded that the horizontal
letes developed slow but steady improvement€omponent of arm swing increase the stride
in the running economyt is reported that sev- length.Thus, the role of shoulder swing as an
eral running style variables influence running important determinant in the last lap of 3000 m
economy and further suggested that adjustmentunning distance is justified.
in running mechanics may improve economy and These rotary actions of shoulder evoke con-
possible performance ({iNams and Cavanagh trary reaction in the athletes lower bothy, as
1987; Mogan et al. 1988). Literature has alsothe athletes left shoulder along with the arm
provided support for the relationship betweenswings forward and upward, his right knee is
mechanical and physiological variables, show-swung forward and upward and his right shoul-
ing that more economical runners tend to haveder along with arm backward and upward to bal-
identifiable patterns in their running mechanicsance this leg actioithen as the right foot is low-
(Williams and Cavanagh 198William et al.  ered and the left leg starts to move forward, the
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actions of the arm are reversédthough, the  and performance time of 3000m rdmese im-

hip also rotates to balance the shoulder actioprovements reasonably suggest that the condi-
but such rotations are relatively higfhus, to  tioning programme has caused a process of self-
avoid the complications of slowness of shoulderoptimization of biomechanical aspects of running
movements, good runners might use an arm acstyle to develop such a movement pattern which
tion of such a range that there is an equality beact as a fine tuning device to both ayeexpen-
tween hip action and upper body (that is, shoulditure and performance and thus improved per
der) reaction. In this arm action, the arms areformance time of 3000m running.

flexed to about right angle at the elbow and swing
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