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[Purpose] The purpose of this study was to investigate the effects of a functional fatigue protocol on
lower extremity dynamic and static postural control. [Methods] A total of 20 physically active collegiate
students participated in this study (ten males, ten females; age 22.5+2.7 years; mass 67.0£13.0 kg; height

168.0£8.9 cm). A unilateral stance with eyes closed for 10 seconds was performed to test static postural

control using a balance force plate and single-leg drop landing on 30cm box was performed as a dynamic
postural control test and captured using VICON motion analysis system. [Results] The results of this

study showed an average heart rate of 176.3 beats/minute, an 18 rating on the perceived exertion scale,

significant differences in blood lactate, and a static postural control deficit after fatigue as compared with

before fatigue(p<.05). Dynamic postural control after fatigue changed landing strategy in the form of stiff

landing. Knee flexion was decreased at initial contact and at peak vertical ground reaction force, also,

both decreased valgus and internal rotation of knee joint. [Conclusions] This protocol may use for

enhancing fatigue-endurance training as well as for inducing fatigue. Further, to ascertain a landing

strategy, it is recommended to increase landing height to clearly observe changes in landing strategy.
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Table 1. Preliminary data used for power analysis

Variables PRE POST

Knee valgus -11.6+8.7 -6.247.1

Knee internal rotation 12.748.6 8.0£7.9

o5 %% 83 a= 05, 39 15= 82 AHa]
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TE 208 = YAt Table 2).

Table 2. Characteristics of Subjects

Gender Age(yrs) Height(cm) Weight(kg)
Male 233029 1750456 T7.847.0
(n=10)
Female 21.6+2.4 160.8+4.7 56.3+7.1
(n=10)
Total
(n220) 25827 1680489  67.0+13.0
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Fig. 1. Development of functional fatigue protocol
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Fig. 2. Effect size and confidence interval of
Rate of Perceived Exertion
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Fig. 3. Functional fatigue protocol

Consent Form, subjects characteristic information

J

* Before fatigue protocol
Measure blood lactate in resting
Static posture control ability measurement (10 secx1)
Dynamic posture control ability measurement (3 time)

J

* Perform a functional fatigue protocol
Heart rate and RPE measurements

!

* After fatigue protocol 1
Measure blood lactate level after fatigue protocol
Static posture control ability measurement)

Y
* Retrieve functional fatigue protocol for fatigue maintenance
i

* After fatigue protocol 2 (10 secx1)
Dynamic posture control ability measurement (3 time)

Fig. 4. Procedure of the experiment
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Clinic(AMTI, ver 2.02.01, Watertown, MA) 4=
;g_aﬂ-‘l o] 9_5].04 x%iz% o] c]g-e:] Z/J B @cﬂ%%
ZFZ&3al9l o Matlab(ver R2010b) 2. il%é}@]

time-to-boundary(TTB) HUES —7}“%8} t}. TTB

Table 3. Test equipments

Variables Equipment N
RPE Ratinég of perceived exertion, 1
org 15-point scale
T31 Transmitter, FT1,
Heart rate Polar Electro, Kempele, Finland 1
Lactic acid Lactate Pro™ LT-1710, 1
concentration ARKRAY Inc., Japan
Static postural Accusway Plus Balance Force 1
control Plate, AMTI, Watertown, MA
?)oygig f Vicon MX-F20, Oxford Metrics 7
control Ltd, Oxford, UK
Motion Vicon NEXUS Systems, Oxford |
analysis Metric Ltd, Oxford, UK

Table 4. Static postural control parameters

SD COP X SD of COP M-L direction
SDCOPY SD of COP A-P direction
COP X Range The Range of COP M-L direction
COP Y Range The Range of COP A-P direction
COP X Mean Velocity The velocity COP M-L direction
COP Y Mean Velocity The velocity COP A-P direction
X % Range used The percentage of usage M-L direction
Y % Range used The percentage of usage A-P direction
The minimum Time to Boundary
TIBXMIN (TTB, M-L direction)
The minimum Time to Boundary TTB
TTIB YMIN (TTB, A-P direction)
. The minimum value of mean TTB
Mean Min TTB X (M-L direction)
. The minimum value of mean TTB
Mean Min TTB Y (M-L direction)
SDMin TTBX  |The minimum SD of TTB M-L direction
SDMin TTB'Y The minimum SD of TTB A-P direction
Path length The total length of COP
Area 95% The 95% area of COP path

SD: standard deviation: COP: center of pressure; M-L:
mediolateral; A-P: anterioposterior; X: M-L
directional component; Y: A-P directional
component
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Table 5. Results of static postural control parameters

Variables M+SD t p ES
SD COPX -.08+.27 -190 .06 -0.29
SDCOPY -34+.53 413 .00 -0.80
COP X Range -.29+.89 206 .04 -0.30
COPY Range -1.2542.33 -338 .00 -0.60
COP X Mean Vel A2+1.26 211 .04 026
COP Y Mean Vel .23+1.80 .30 43 013
X % Range used -2.95+8.99 -2.08 .04 -031
Y % Range used -5.16£9.35 -349 .00 -0.65
TTB X MIN -.01+.06 -68 .50 -0.09
TTB Y MIN .019+.29 42 68 007
Mean Min TTB X -.09+.30 -1.789 .08  -0.27
Mean Min TTBY -.05+.70 -434 67  -0.06
SD Min TTB X -22+.52 2682 .01 -049
SDMin TTBY -19+.97 -1.250 22 -0.26
Path length 3.57+25.87 874 39 012
Area 95% -8.39£16.52 321 .00 -0.61

Gray zone: ES).6 and significantly different between pre-
and post- functional fatigue protocol
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Table 6. Results of dynamic postural control parameters

Timing Joint Variable Fatigue M SD t p ES
Initial Flexion(°) Pre 18.60 3.65 * *
Contact (IC) Knee (+Flexion) Post 16.05 437 3.04 00 63
: o Pre 18.60 3.65 . .
Min Knee 121?1(101'1( ) 3.07 .00 64
(+Flexion) Post 16.03 435
. Flexion(NM) Pre -2.62 0.60 . .
Min Ankl ) -5.34 . .61
¢ (+Flexion) Post 227 0.54 >3 00 6
s Pre 34.62 536 . .
Knee Flexion(’) 641 00 86
(+Flexion) Post 29.82 5.68
Peak Vertical
Ground Internal rotation(®) Pre 1627 8.00 » *
. Knee . 321 .00 13
Reaction Force (+Internal rotation) Post 2257 912
(PVGREF) - -
Ankle Dorsiflexion(*) e DA 4 511 00’ 75"
(tDorsiflexion) Post 10.18 3.95
Total angular Ankle Dorsiflexion(NM) Pre 2.37 0.60 544 00 66
excursion (+Dorsiflexion) Post 1.99 0.53
St Aol 7t B2 AET 92 2 S7knh Al ol Het & it «4 Z2EZ| FE TR/ w2t
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Pre fatigue Post fatigue

18.60+3.65 \ 16.05+4.37

T

&

Fig. 7 Knee flexion angle before and after functional
fatigue protocol during initial foot contact

Pre fatigue Post fatigue

34.62+5.36 29.82+5.68

Fig. 8 Knee flexion angle before and after functional
fatigue protocol at maximum vertical ground reaction force
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