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Injury is the biggest problem facing the athlete. It is difficult t o ascertain the
etiology of chronic overuseinjurieswhich can devel op, however, varioussport s gppear
pronet o specificinjuries. Basketbd | isan exampled asport which incorporates many
differentki nds d movement patterns.

Thissudy was conducted in three phasest o investigete theeffectsd four shoe/
t ape conditionson forwardrunning, landingfrom ajumpand laterd movement These
conditions included high basketba | shoewithout tape (HS) and with tape(HT) and lov
basketbd | shoe withoutt ape (LS) and with rape(LT).

Clinical as well asscientificresearchershavereportedthatkneepainistheprimary
reason for runnerst o discontinuetheir running programs. Hlavac (1977) haspostul ated
that excessveprondiond thesubtdar joint is perhapsthe underlying causativefactor
for thatreported knee pain. Bates, Osternig, Mason, & James(1979). satethat maximum
pronation mugt occur smultaneoudy with maximum knee flexion because both are
accompanied by internd tibid rotation.

Theseactions mud reech maximum levelssmultaneoudy or thetwo jointsact
antagoni gtically.Whileexcess vepronation isassociated with knee problems excessive
supination o thesubtaar joint isassociated with ankle problems. Excessvesupination
may causeadrain on thelatera ligamentsd' theankle thus producing the™inverson™
typesprain.

To prevent these sprainsathl etes haveemployed externa support such astapeor
commerciad wraps Stacoff, Steussi, & Sanderegger (1985), demondrated that shoe
height isan important variablefor controlling subtalar joint supination during latera
moation. TheNationa AthleticInjury/Iliness Reporting System (1979) reported thet the
largest group of basketball injuries (31.290) occurred while players were rebounding.

It gppearsthat reseerchersand cliniciansagreethat therei spotentid for thecause/
effect rel ationshi pbetween excessive pronation and kneeinjuriesre ated torunning. In
addition. the potential f aankle injuriesduring lateral movementsand landing from a
jumpdemondratetheneadt o investigatethecontrol of supinationas well as pronation.

The purposedt thisstudy wasto ascertain theeffectsd shoe height and athletic
taping on selected kinematic(Clarke, Frederick, & Hamill, 1983) and kinetic (Vdiant.
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1985) variables associated with lower extremity function during the activities of
treadmill running, landing Aew ajumpsnd lateralmovement. A secondary purpose was
' examine the relationship between maximum pronation \d maximum knee flexion
which occurs during running.

METHODOLOGY

Kinematic dzt2 wese collected on 8 healthy college age women with a LOCAM
16 mm high speed carners equipped with a 100 Hz pulse generator to verify the 100 Hz
camera speed. A 5’ X 5'silver-fronted mirror was positioned at a 45 degree angle to the
line of action of the subjects. Subjects wek filmed for 10 trials from the rear thus
capturing simultaneous rear and sagittal views of the lower extremity on each frame of
film while running on the treadmill, running laterally and landing from a jump.

Kinetic data (10 trials) were collected simultaneously during the landing from a
jump phase usingsn A.M.T.I. force platform interfacede nn Apple [T+ microcomputer.
The kinetic data Wwe.e sampled at 1000 Hz, The resultant force was resolved into its three
dimensional components \d analyzed separately. The film data we.e analyzed using a
Vanguard Motion Analyzer projection system.

All trials were digitized from two frames prior to foot strike to W O frames after
toe-off. Seven anatomical reference markers L e placed on the lower extremity. Two
markers estimating the longitudinal axis of the gastrocnemius and two markers estimating
the longitudinal axis of the heel (placed on the shoes) wek utilizede generate rearfoot
angle data. In addition three anatomical markers were placed on the lateral aspect of the
lower leg to estimate relative knee angle.

The markers we.e placed on the greater trochanter, the lateral aspect of the crease
of the knee, and on the lateral malleolus. All kinematic analyses Lee performed on the
right lower extremity. The coordinates of each of these points Wek obtained using a
Numonics 1224 Graphics Calculator interfaced with an Apple 1+ microcomputer.
Subsequent to digitization, the raw X Y coordinates were filtered using 8 low-pass
digital filter. Rearfoot angles and relative knee angles were obtained Aew filtered data.
A cubic spline function was then employed to generate 50 data points for each curve.
From this angle-time data, mean values for the 3 footfallsftrial for each dependent
variable for each condition Wek generated for individuals and groups.

The Statistical Analysis System (SAS) was used© statistically analyze all data
sets. A\ 2 X 2 (high shoe/low shoe and tape/no tape) analysis of variance (ANOVA) with
repeated measures on each factor was utilizede determine condition differences in all
three phases of this study. In addition a t-test was utilized to determine whether
maximum pronation occurred at the same time as maximum knee flexion during the
running phase of this study.
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RESULTS AND DISCUSSION
Running Phase

The ANOVA reveded a sgnificant (g < 005) shoe by tgpeinteraction. This
interaction (see Figure 1) showed rddivey thesameamount of maximum pronation
(MP) far theLT condition QM = -10.86 degrees) compared to the HS condition QM = -
1055 degress). However, theinteraction further revedled that t he tape reduced MP for
thelow shoesfrom ameen d -12.86 degresstoamesn o -10.89 degrzes. On theother
hand, thetape reduced MP for the high shoesfromamean o -1055 degreesfor theHS
condiition compered to ameen of -9.99 degreesfor theHT condition (see Table1). No
other sgnificant differencesappeared in this phese
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Figure 1. Shoe by tape interaction during treadmill run

Table1l Summary of cel meansfor the dependent measures
on the treadmill run data

Depenpent LS L7 HS HY

!

EasuRe Vi w v w v w W n
- 7

MAX T -13.%  -12,17 -10.9% -10.83 -10.34 -10.76 -10.03 - 9.95

PRONATION A (€ 2.28) (2.89) (2.85 ( 1.67 ( 3.08) (3.98) (2,22) (248

THE To 123,75 116.75 110.38 105,13 112,75 108.75 121.25 100.63

nax, PRON.D (27.31) @3.26) 131.26) ©4.27) (42.48) (31.14) (34.95) 2.12)

FAX. KHEE  183.95 183.21 184,51 183.76 188.22 188.95 184.37 144, 34 )

FLEXION *  ( 5.48) (6.53) (6.73) (6.29) (5.95) (5.26) (5.86) ( 6.23)

i’llﬁ 10 MAX 131.65 121,63 134,38 122.2S 122.75 121.50 121.00 122.00

KHEE FLEX.P- ( 5.93)

(15.22) (16.15) (10.79)

(17,99 (9.47) (9.26) (20.28)

* DEGREES

® MILLISECONDS



A further result showed that the correlation generated between time to maximum
knee flexion and time to maximum pronation was mediocre at best, = .49. This cor-
relation appeared low based on the work of Bates, et al., (1979). The former results are
similar to those reported in Sussman & Hamill (1986).

Lateral Movement Phase

The results (see Table 2) show that the taped condition (M = 19.22 degrees)
permitted significantly (p < .05) less maximum supination than the non-tape condition
(M = 22.75 degrees). This finding was consistent with similar studies (Sussman &
Hamill, 1986; Clarke etal.,1983). Further analysesrevealed that the high basketball shoe
permitted less time reach maximum supination M = 330.44 ms) compared© the low
basketball shoe (M =452.63 ms), and this lead® the high basketball shoe permitting less
maximum knee flexion (M = 118.63 degrees) comparede the low basketball shoe (M
= 116.34 degrees). No significant differences were discovered for the shoe height
dependent variable which is inconsistent with the results reported by Stacoff, et al.,
(1985).9 it should be noted that they used specially constructed shoes. The present
study used high and low commercially accessible basketball shoes.

Table 2. Summary of cell means for the dependent measures on lateral movement

Derovoent _ _u ¥ Lif
Heasvae X (s X (SD) Tox (50) X (SD)
ToucHDOMN A I3.50 2.48) I3.82 (9.88) 1239 .60 1213 (5.89)
NIGLE
nAXtIN .26 G.33) 20,59 @) 2020 A3 17.85(8. )
SUPINATION
TI%E 10 mx.” 85938 (100.53) 89588 (120.6%) 369.25 (129.98) 29163 (27.1)
SUPTMAT 100 _ .
TOTAL SUPPORT® 570,63 (145.39) S43.75 (112.08) SY.00 { 67.30) S64.63 ( %6.33)
e -
TOTAL A-F A - 9.55 3.05)  6.84 Q.8 .83 6.9} . S.72 (3.87)
notion
" AX. FHEEA - 116,40 (5.91) 116,28 (7.03)  MI8.60 7.)  118.75 (7.82)

FLEXION
TIME 10 MaX. ®  160.63 (55.48) 160.63 (48.31) 186.75 27.70)  156.75 (32.31)
WIEE FLEX, .
* DEGREES, ° MILLISECONDS

Landing From A Jump Phase

Kinematic Data

The results (see Table 3)show that subjects in the taped conditions landed in¢r less
supinated posture (M = 13.76 degrees) compared to the no tape conditions (M = 21.84
degrees). The ANOV A also revealed that subjects in the high sboe conditions were in
e less supinated posture (M = 15.75 degrees)j touchdown compared to those in the low
sboe conditions (M = 19.85 degrees).
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Table 3. Summary of cell meansfor the kinematic dependent measures
in thelanding phase

Derminent _1s A _Hks _HT
Neasume X (SD) X (S X (SD) ‘ X (S0
TO ANGLE * 70,21 € 6.85)  15.87 ( 3.61) 19.46 ¢ 8.29) 12.05 ( 1.66)

MAX, PROVATION A -3.50 ( 2.37)  -3.40 ( 2.58) 23,33 ¢ 109 -3.17 ¢ LSO
TIME T0 MAX. PRO.%173.38 (84.10) 219.63 (66.66)  185.75 ( 61.56) 190.88 ( 30.61)
TOTAL SUP. TIME & 382.63 (R2.09) 412.75 (9%6.10)  %01.75 (113.80) 416.88 (102.23)
TOTAL R-F MOTION® 27.71 ( 6.75)  18.87 ( 4.28) 22,79 ¢ 8.72) 15.28 ( 2.20)
MAX. KMEE FLEX, & 111,85 (12.08)  110.68 (13.47) 111,95 ( 13.77) 1)2.50 ( 11.68)
TIME TO MAX. IF ® 188,75 (12,6%) 137,63 (33.69) 1n7.on ( 30.29) 148.75 ( 31.73)

A DEGREES 3 MiLLISECOMDS

Table4. Summary of cell meansfor thekineteic vertical force(F,) and
mediolateral for ce (F,) dependent measureson landing from a jump

OEPENDENT ] _u - W
MEASURES X (sD) X (D) X () X (80
VERTICAL FORCE MEASURES

FIRST PEAX FORCEA 12.00 € 4,59 10,00 @.R) 10.86 ¢4,55) 10.17 (3.47)

TIME 10 FIRST Peax® 15.69 ¢ 3.59) 13.41 @.28)  ]4.44 (3.26) 1296 (1,83)
SECOND PEAK FORCE 28,76 ( 8,58) 18.@ (6.72)  30.64 (8,) 30,49 (1.09)
TIE 70 SECOMD PEAX® 57,28 (12.89) 50.84 (6.31)  S5.05 (7.00) 25.78 (4.18)

PEDIOLATERAL FORLE MEASURES

VOTAL WEG. [MPULSES -0.43 €0.07) -0.95 ¢0.06) -0.96 ¢0,06) -0.98 (0.03)

PEAK NEGATIVE FORCE*  -233 (0.86) -2.18 (0.22)  -2.37 0.0%) -2.39 (0.4D)
TIME 10 PEAX f€G, FORCE® 8.65 (L) 10.26 Q.79 755 (1,8) 8.90 1@4,16)

A mewTons 5 mILLISECONDS © NEVTON-SECONDS

Kinetic Data

These results(see Table4) showed that whilein the taped conditions, subjects
reached thefirst pesk force(M = 12.91 ms) significantly (g < .05) before the no tape
conditions = 15.06 ms). It was aso shown that whilein the tgped conditions
subjectsreached the second pesk force (M = 48.67 ms) beforethe no t ape conditions
(M = 56.16 mg). These dataweresimilar to the work of Valiant & Cavanagh (1985).



CONCLUSIONS

High basketball shoes controlled the amount of subtalar joint pronation during
running 14.2% more than the low basketball shoes. Prophylactic taping added 15.3%
more rearfoot control to the low shoe compared to a comparable 5% increase in pronation
for the highsboe during running. Athletic taping in conjunction with both high and low
basketball shoes decreased the amount of maximum supination by 15.1% and 7696
respectively, during the lateral movement phase of this study. The high basketballsboe
controlled the amount of subtalar joint supination at touchdown during the landing by
20.7% more than the low basketball sboe, Athletic taping controlled the amount of
subtalar joint supination at touchdown during the landing by 37% more than the no tape
conditions without subsequent changes in the first or second peak forces. However, the
timing of the first and second peak forces occurred approximately 13-14% sooner with
ankle taping than without tape.

Itappeared that for activities requiring different types of movement patterns, such
asthose found in ball sports, a combination of high basketball shoes and taping may help
decrease the incidence of injury due to their combined and singular effect on both
subtalar joint pronation and supination. The trade-off seems to [ that while restrictions
inankle mobility may be desirable under certain conditions, this restriction may produce
negative effects in that the forces of the foot/ground interface may not be effectively
dissipated. This author recommends that future studies investigate other types of
movement patterns such as stopping, starting, pivots and running backward.
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