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[Abstract]

The purpose of this study was to investigate the effect of 8 weeks of core training on dynamic
posture control, lower extremity injury and proprioceptive joint position sensory in ski athletes. Twenty
subjects participated in this study and were randomly divided into two groups : exercise group (Ex=10)
and control group (Con=10). The core training program consisted of a bench, a sideways bench, a
plank, a side bridge, and a supine bridge, and was conducted three times a week for 8 week. The
dynamic posture control had a significant effect on the left and right postero-medial reach, and the
lower extremity criterion test had a significant effect on the left and right composite scores. In addition,
there was a significant decrease in the proprioceptive joint position sense at 15°f the left leg and 45°.
In conclusion, 8 weeks a core training have been shown to improve skiers' dynamic posture control,

lower extremity injury and proprioceptive joint position sensory.

» Key words: ski athletes, core training, dynamic posture control, lower extremity injury,
joint position sensory
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I. Introduction
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Table 1. The characteristics of subjects(M£SD)

Groups Age(yrs) Height(cm) Weight(kg) Carrier(yrs)
Ex(10) 2242.12 176+5.24 7148.12 7+2.30
Con(10) 224235 1774451 7049.26 8+1.32
P 412 357 129
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3. Core training program
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4. Statistical analysis
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Table 2. Core training program

Training program Contents Prescriptions
Warm up Dynamic stretching 10 min
Bench Level 1 : static (both legs) 2 sets X 30 sec
Level 2 1 1 leg lift 2 sets x 30 sec
Sideways bench Level 1 : stgtic . 2 sets X 30 sec
Level 2 @ with leg lift 2 sets X 30 sec
; - Between sets
Plank Level 1 : static . 3 sets X 30 sec rest 1 min
Level 2 1 1 leg Ifit 3 sets X 30 sec
Level 1 : 5 repetitions
Nordic hamstring Level 2 : 5-10 repetitions
Level 3 : 10-15 repetitions
Cool down Static stretching \ 10 min
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skt B golaEe 052 sigirh
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Table 3. The results of dynamic postural control
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IV. Discussion

Variables Groups Pre Post Source F P
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Table 4. The results of low-extremity injuries index

Variables Groups Pre Source F P
L. Complex Ex 8323624 |  84.68+5.14 l 1723 '05065;
(cm) Con 83.57+5.52 83.97+5.24 <G 1'3.452 _['302“
R. complex Ex 83.61+£5.31 84.85+5.61 g 142;132 '[.33022:
(cm) Con 83.59+4.87 83.48+5.23 <G 11.239 006"
M£SD L : left leg, R : right leg "p<.05 "p<.01, T :time G : groups
Table 5. The results of proprioceptive joint position sensory
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3. Proprioceptive joint position sensory

WitH 02 MAE0] BYo| To] 29| ofsf U Bx

o AT 5A 0| 2B Bt ozt 18487 7]

R B3], RERA 4 oo 1a4-87
WRAAANN {5t Aehe Bl 22 o)
°f
OH

_E_[L

|iLl o

=2
Zedo] ¥xle nam A\_A}q =Q 9464 _Q_O]QE_E_

TE2T T=EUZ2 Yo T

231 4 159} 9w 45@ 29 29 91419 24z 0
$0] 259 @ub} gojat 2o Uelct. olejdt At
£ A5 22 450 A90ME YoHoR 25 R0
Qlof % 2 BAAPH e ket 280 19487
Heo] HAz AZECE 194871 2YE, BAIA 2
WY 28712 el ATA 77 % DO '
Alololl ot AHAI9] AR R910) 9IRS of 5oz
B ot gy @Alo] FRH28). 1948719
P12 SRR AR TSR] thgt ojAlse] 1
DOl 42t 0] F2 TS S} 18484 V1%
B30 WO QPN SIXI T, B 9] TRsHe
QIcH21). 5] of2ldt 71H e L Roj Yalyo] A7
NHNES o} %i*dﬁ 14 Boste 1A A2

3ol
3|2 HEHE7| TEolcH29).
B7ole] vlmop 1 O3] A i

2 ﬁ
|t

A% 3] %lo] Tof T2} Wat ohat WK

e
r2

7ol 4.79%9] S BTk Aster EAstcH38) 2
2], Ao} 28 S5 Gelo] SoarEe] 25l
19484 YRITZ Ao SOl Ry Wuete
QRI5O[39], oleist ATk F o)A Zo] Bojet
DU, BAR U BELL7] SO F8E A2 24
A At w45 o AztEn

sl 3o] galo] A3 Euct s2lE5A} o B
A JRdat PEARA BA E9olq Qelsitkla0)
ATt B 97 Aot 2o g wolrky At
ofstel, Fo] Ealo] o3t WAYAIZL £A1S SRt
£ ATk 24k ekt AVl 2 ZJebt A
oS ofsiME Fo3 ZHow wr}

V. Conclusions

ol A7) BRL 87710) To Fo] AT ML 5
MAEE, SR 4 4 L 18484 WE YA
2] vl GFolot). AP AW, FHAMEEL 5
o5 SE W} 5 & FAL B985 FUA
2ol ol3t aupt Qloich. EEF 19484 B ¢
A7k 9 15 45014 Qolat Aol 919l
of. ZEFOR 85710] 10| FAL A7\ FAAL
NEE 59, RIS 24 L 19484 R YA
2] gPgslgict.

o] @79 HOR o] 32 F30] s 22t
SRRAAE 579 Jorg 24| Bas) Holk. ®
& APOR To) £ I YU = S LR E
o Z20e Mgsiel 471 BY Suen ol
T2 5 Chl WAl BAsoF & Zolc,

REFERENCES

[1] M. C. Tarka, A. Davey, G. C. Lonza, C. M. OBrien, J. P. Delaney,
and N. Endres, N. K. “Alpine Ski Racing Injuries,” Sports Health,
Vol. 11, No. 3, pp. 265-271, 2019. DOIL 1177.19417381
19825842

[2] M. J. Jordan, P. Aagaard, and W. Herzog, “Rapid

hamstrings/quadriceps strength in ACL-reconstructed elitee alpine
ski racers,” Medicine Science and Sports Exercise, Vol. 47, No.
1, 109-119, 2015. DOL: 10.1249/MSS. 0000000000000375

[3] J. Spori, L. Kréll, M. Gilgien, E. and E. Miiller, “How to Prevent
Injuries in Alpine Ski Racing: What Do We Know and Where
Do We Go from Here,” Sports Medicine, Vol. 47, No. 4, pp.
599-614, 2017. DOIL: 10.1007/s40279-016-0601-2

[4] C. Raschner, H. Platzner, C. Patterson, I. Werner, R. Huber, and
C. Hildebrandt, “The relationship between ACL injuries and
physical fitness in young competitive ski racers,” British Journal
of Sports Medicine, Vol. 46, No. 15, pp. 1065- 1071, 2012. DOL:
10.1136/bjsports-2012-091050

[5] S. N. Zhang, B. T. Bates, B. T. and J. S. Dufek, “Contributions
of lower extremity joints to energy dissipation during land ing,”
Medicine & Science in Sports & Exer cise, Vol. 32, No. 4, pp.
812-819, 2000. DOI: 10.1097/00005768-200004000-00014

[6] J. Borghuis, A. Hof, and K. A. Lemmink, “The importance of
sensory motor control in providing core stability: Implications
for measurement and training,” Sports Medi cine, Vol. 38, No.
11, pp. 893-916, 2008. DOI: 10.2165/00007256-200838110-00
002



Effect of core training on dynamic posture control, lower extremity injury, and joint position sense in ski athletes 101

[71 M. Colston, “Core stability”, International Journal of Athletic
Therapy and Training, Vol. 17, No. 1, pp. 8-13, 2012.
DOI:10.2165/00007256-200838120-00004

[8] M. L. Ireland, J. D. Willson, B. T. Ballantyne, and 1. McClay
Davis, “Hip strength in females with and without patello femoral
pain,” Journal of Ortho paedics & Sports Physical Therapy, Vol.
33, No. 11, pp. 671-676, 2003. DOI: 10.2165 /00007256-20083
8120-00004

[9] W. B. Kibler, J. Press, and A. Sciascia, “The role of core stability
in athletic function,” Sports Medicine, Vol. 36. No. 3, pp. 189-
198, 2006. DOI:10.2165/00007256-200636030 -00001

[10] J. E. Earl, and A. Z. Hoch, “A proximal strengthening program
improves pain, function, and biomechanics in women with
patello femoral pain syndrome,” The American Journal of Sports
Medicine, Vol. 39, No. 1, pp. 154-163, 2011. DOI: 10.1177/
0363546510379967

[11] S. Sasaki, E. Tsuda, Y. Yamamoto, S. Maeda, Y. Kimura, Y.
Fujita, and Y. shibashi, “Core-Muscle Training and Neuro
muscular Control of the Lower Limb and Trunk,” Journal of
Athletic Traing, Vol. 54, No. 9, pp. 959-969, 2019. DOI:

10.4085 /1062 -6050-113-17

[12] S, J. Butcher, B. R. Craven, P. D. Chilibeck, K. S. Spink, S.
L. Grona, and E. J. “The effect of trunk stability training on
vertical take off velocity,” Journal of Orthopaedic & Sports
Physical Therapy, Vol. 37, No. 5, pp. 223-231, 2007. DOIL: 10.
2519/ jospt. 2007.2331

[13] S. T. Jamison, R. J. McNeilan, G. R. J., Young, G. S., Givens,
D. L, Best, T. M., and A. M. Chaudhari, “Randomized
controlled trial of the effects of a trunk stabilization program
on trunk control and knee loading,” Medicine & Science in
Sports & Exercise, Vol. 44, No. 10, 1924-1934, 2012. DOI:
10.1249/MSS.0 b013 e31825a2f61

[14] V. H. Chuter, and X. A. Janse de Jonghe, “Proximal and distal
contributions to lower extremity injury,” Gait & Posture, Vol.
36, No. 1, pp. 7-15, 2012. DOI:1016.2012/j. gait post.02.001

[15] U. T. Taddei, A. B. Matias, M. Duartey, and 1. C. N. Sacco,
“Foot Core Training to Prevent Running-Related Injuries,”
AJSM, 48, No. 14, pp. 3610-3019, 2020. DOL 117
7.0363546520969205

[16] K. Sato, and M. Mokha, “Does core strength training influence
running  kinetics, lower-extremity stability, and 5000M
performance in runners,” Journal of Strength and Conditioning
Research, Vol. 23, No. 1, pp. 133-140, 2009. DOIL: 10.1519
/JSC.0b013e31818eb0c5

[17] A. D. Lacono, J. Padulo, and M. Ayalon, “Core stability training
on lower limb balance strength,” Journal of Sports Science, Vol.
34, No. 7, pp. 671-678, 20 16. DOL: 10.1080/02640414.2015.
1068437

[18] C. W. Hoppes, A. D. Sperier, C. F. Hopk ins, F. B. D. Griffiths,

M. F. Principe, B. L. Schnall, J. C. and S. L. Koppenhaver,
“The efficacy of an 8-week core stabilization protram core
muscle funtion and endur ance,” International Journal of Sports
and Physical Therapy, Vol. 11, No. 4, pp. 507- 519, 2016.
DOI:10.1136/bjsports-2013-093 262

[19] M. Westin, M. L. Harringe, B. Engstrom, M. Alricsson, and
S. and Werner, “Pre vention of Anterior Cruciate Ligament
Injuries in Competitive Adolescent Alpine Skiers,” Front Sports
Act Living, Vol. 6, No. 2, pp. 1-7. 2020. DOL: 10.3389/fspor.20
20.00011, 2020.

[20] K. C. Huxel Bliven, and B. E. Anderson, “Core stability training
for injury pre vention ,” Sports Health, Vol. 5, No. 6, pp.
514-522, 2013. DOIL: 10.1177/1941 7381 13481200

[21] S. M. Lephart, and F. H. Fu, “Proprio ception and neuromuscular
control in joint stability,” Human Kinetics. 2000.

[22] P. J. Plisky, M. J. Rauh, T. W. Kaminski, and F. B. Underwood,
“Star Excursion Balance Test as a predictor of lower extre mity
injury in high school basketball players,”Journal of Orthopedic
Sports and Physical Therapy, Vol, 36, No. 12, pp. 911919,
2006. DOI: 10.2519/jospt.2006.2244

[23] R. S. McCann, L. D. Crossett, M. Terada, K. B. Kosik, B.
Bolding, and Gribble, “Hip strength and star excur sion balance
test deficits of patients with chronic ankle insta bility,”Journal
of Science and Medicine in Sport, Vol. 20, No. 11, pp. 992996,
2017. DOI: 10.1016/jjsams. 2017.05.005

[24] P. Linek, D. Sikora, T. Wolny, and E. Saulicz, “Reliability and
number of trials of Y Balance Test in adolescent athletes,”
Musculo skeletal Science & Practice, Vol. 31, No. 3, pp. 72775,
2017. DOIL: 10.1016/j.msksp.2017.03.011

[25] C. A. Smith, N. J. Chimera, & M. Warren, “Association of
Y balance test reach asymmetry and injury in division I
athletes,” Medicine & Science in Sports & Exercise, Vol. 47,
No. 1, pp. 136-141, 2015. DOIL: 10.1249/MSS.000000000000
0380

[26] A. C. Gornell, J. A. P. Romero, and L. Soler, “Relationship
between the Y-bal ance test score and soft tissue injury
incidence in as soccer team,” Interna tional Journal of Sprots
Physical Thera py, Vol. 10, No. 7, pp. 955-966, 2015.

[27] B. R. Wilson, K. E. Robertson, J. M. Burnham, M. C. Yonz,
M. L. Ireland, and B. Noehren, “The Relationship Between Hip
Strength and the Y Balance Test,” Journal of Sport
Rehabillitation, Vol. 27, No. 5, pp. 445-450, 2018. DOIL:
10.1123/jsr. 2016-0187

[28] H. B. Menz, M. E. Morris, and S. R. Lord, “Foot and ankle
characteristics associated with impaired balance and functional
ability in older peoples,” Biological Sci ences and Medical
Sciences, Vol. 60, No. 12, 1546-1552, 2005. DOL: 10.1093/gero
na/60. 12.1546

[29] S. Hillier, M. Immink, M., and D. Thewlis, “Assessing



102  Journal of The Korea Society of Computer and Information

Proprioception: A Systematic Review of Possibilities,” Neuro
rehabilli tation and Neural Repair, Vol. 29, No. 10, pp. 933-949,
2015. DOIL: 15459683155 73055.2015 /23

[30] B. T. Zazulak, T. E. Hewett, N. P. Reeves, B. Goldberg, and
J. Cholewicki, “Deficits in neuromuscular control of the trunk
predict knee injury risk,” American Journal of Spo rts Medicine,
Vol. 35, No. 7, pp. 1123-1 130, 2007. DOI:0.1177/036354650
730 15885

[31] S. Ghai, and I. Driller, “Effects of joint stabil izers on
proprioception and stability,” Physical Therapy and Sport, Vol.
25, No. 18, pp. 65-75, 2017. DOL: 10 .1016/j.ptsp. 2016.05.006

[32] B. Norris, and E. Trudelle-Jackson, “Hip- and thigh-muscle
activation during the Star Excursion Balance Test,” Journal of
Sport Rehabilitation, Vol. 20, No. 4, pp. 428-441, 2011. DOL
10.1123/jsr.20.4.428

[33] C. M. Powers, “The influence of abnormal hip mechanics on
knee injury: A bio mechanical perspective,” Journal of Ortho
paedic & Sports Physical Therapy, Vol. 40, pp. 42-51, 2010.
DOL: 10.2519/ jospt.2010.3337

[34] D. A. Neumann, “Kinesiology of the hip: a focus on muscular
actions,” Journal of Orthopedic & Sports Physical Therapy, Vol.
40, No. 2, pp. 82794, 2010. DOL: 10.2519/ jospt. 2010.3025

[35] D. Junker, and T. Stoggl, “The tra ining effects of foam rolling
on core strenght endurance, balance, muscle performance and
range of motion,” Journal of Sports Science and Medi cine, Vol.
18, No. 2, pp. 229-238, 2019.

[36] U. Granacher, J. Schellbach, K. Klein., O. Prieske, J. Baeyens,
and T. Muehlbauer, “Effects of core strength training using
stable versus unstable surfaces on physical fitness in
adolescents,” Sport Science and Medical Rehabilitation, Vol. 6,
No. 1, pp. 40-50, 2014. DOI: 10.1186/2052~1847- 6-40

[37] B. Anguish, and M. A. Sandrey, “Two 4-Week Balance-Training
Programs for Chronic Ankle Instability,” Journal of Athletic
Training, Vol. 53, No. 7, pp. 662 -671, 2018. DOL: 10.4085/
1062-6050-555-16

[38] M. Cug, M. Ak, R. A. Ozdemir, F. Korkusuz, and D. G. Behm,
“The effect of instability training on knee joint propri oception
and core strength,” Journal of Sports Science and Medicine, Vol.
11, No. 3, pp. 468-74, 2012. DOI: 10.1007/300167- 009-0813-1

[39] B. K. Kim, D. Y. Won, D. J. Kwak, S. R. Jung and S. K.
Lee, “The effects of com plex approach in yoga exercise and
isometric exercise on muscle contraction strength characteristics
and health factors of an elderly woman,” The Korean Society
of Science & Art, Vol. 24, No. 38, pp. 27 -35, 2016. DOL
10.17548/ksaf.2016.06.24.27

[40] S. S. Hlaing, R. Puntumetakul, E. E. Khine, and R. Boucaut,
“Effects of core stabili zation exercise and strengthening ex
ercise on proprioception, balance, muscle thickness and pain

related out comes in patients with subacute nonspecific low back

pain,” BMC Musculo skeletal Disorder, Vol. 22, No. 1, pp. 998
-1007, 2021. DOI: 10.1186/s12891-021-04 858-6

Authors

Jong-Yual Kim Ph. D. process in Physical
Education from Dankook Univ Graduate
School, Korea. I'm currently working as a

player, coach and manager for a ski pro

V/ team in Hansol Co., Ltd.
VA

I have a career as an alpine national skier, and I have won
ski demonstrations in Korea. I am majoring in exercise
physiology in graduate school.In particular, interested in
ways to improve the performance and prevent and manage

sports injuries of skiers.

Woo-Young Park received the Ph.D. degrees

in  Physical Education from Dankook

)
il

University, Korea, in 2000. The doctoral

(o thesis studied how golfers' physical fitness
».
i \.’N [ variables change during the 4 rounds.

-\ \ Al 1

I major in exercise physiology graduate school and
especially interested in physical fitness for the elderly. In
particular, not only changes in muscle and physical fitness
due to aging, also changes in aging-related variables due to

exercise are continuously studied.



