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ABSTRACT

This study was performed to investigate the effects of tibial rotation while going up stair on muscle activity of vastus medialis
oblique and vastus lateralis, and on patellar displacement. The subjects included 30 people (male: 15; female: 15) who were randomly
assigned to the tibial internal-rotation, neutral-rotation, and external-rotation groups. The subjects went up the stair while performing
the assigned rotations, and the rotation of the hip and the displacement of the patella were measured using a 3D motion analyzer. In
addition, the maximum voluntary isometric contraction (MVIC) of the vastus medialis oblique and vastus lateralis were measured using
surface electromyogram. On the tibial internal rotation, the hip rotation significantly appeared in the same direction and so did on the
tibial neutral and external rotations(p<.001). Although the MVIC of the vastus medialis oblique and vastus lateralis did not
significantly differ by tibial rotation during the stair ascent, the MVIC of the vastus medialis oblique was higher than that of the
vastus lateralis during the internal and neutral rotations (p<.05). In addition, during the stair ascent, the displacement of the patella
was more significant during the tibial external rotation than during the tibial internal and neutral rotations(p<.001). Thus, patients with
patellofemoral pain are required to be considered the effects of tibial rotation for their rehabilitation.

Keywards : PFPS, Tibial Rotation, Vastus Medialis Obliques, Vastus Lateralis, Patellar Displacement

I.A &

N E 555 (patellofemoral pain syndrome;PFPS)-> Th
Fek Qs o3 A WA FFOE BE FE
It FEMW T 407 FFo] UERITHDye, 2005).
3 SINHE S EETT e AAA R ERXE A B

i

Corresponding Author : Yu-Kyung Lee

Department of Physical Therapy, College of Health, Daebul University,
72 Sanho-ri, Samho-eup, Yeongam-gun, Jeollanam-do, Korea

Tel : +82-61-260-3155 / Fax : +82-61-260-3007

E-mail : ppony-nl @hanmail.net

B =R 20118% st au A7) g3t 2o 29

W37} Q7 HTHFredericson & Yoon 2006). ©] </HtiE 555
o gubow 25%9 & MHES T BAdAE
17%, ANA= 33%7} LAY Ch(reland, Willson, Ballantyne &
Davis, 2003). Mtz o2 oty Agapd AR FUANL,
T (patella) ] A, GAUZHZ Z(Qangle)o] S7L FAM
2 (quadriceps)®] o3k, thele] FAA T, A overused),
A= 9 st Fapt Skl e 259 BT,
9] F-Z(patella), FE3F A7Fo|W(tibia rotation)] HPAZ H]
E(lateral torsion), ‘PR A E Ed o] e FEme] npg
% 29-%(lateral tracking) 5] 2] 7HA 8R15¢] S/HEE
Ex570] A9log HuEojA| 1 QTHEarl, Schmitz & Arnold,



468 Jeong-Il Kang * Yu-Kyung Lee * Seung-Kyu Park * Joon-Hee Lee - Dae-Jung Yang * Hyun Choi

2001; Powers, 2003; Elias et al., 2004; Fredericson & Yoon,
2000). T3 2 F5 #7), Ad L2uE7), A&A0 ¢,
942)7] 5 75 dod %““%"‘2 e B55 IUEEE

3579 45 AdspA7ItKSenfio, Cabral, Bérzin, Candolo &
Monteiro-Pedro, 2003). ©] 5 At 227] T4 S/HES5Z
T FAE0| YA 7MY TS Thche T4 T 5l
Uz PAEG 559 $A900] AX1 F& P HHES
Z7H41717] w2 RIS L vastus medialis oblique; VMO)2}
7G-S (vastus lateralis;VL) 9] 718 0] SA] gFo} F-2mio] n}
2E o)FS U Z7/M7)A A AEYAE FA) ")
3 S} THBrechter & powers, 2002). F-SW o] npZZE WY ¢
018 gjRstA o7 2R (knee joint) BPEZE AR-ZA Y ©@

=, HIAREER] FEme] 9, PR F AFEAY e
Hlasxity), 752 vIRFH AE, IFHELZHVMO)Y 5

g A 50] Ach(Lun, Wiley, Meeuwisse & Yanagawa, 2005).
48] HEPFAER/AN @5 A FEWO 9] QR RAjE]ol] B3}y
o] e SHEHIYIC I(Vastus medialis) S AtHZog A% oks)

M U= A BT

5o] 37| ErlE(extension moment)E LA FIL o]Z 3| Al
oMY Aol Fs SA Hi, A% 37)(erminal
extension) A] QFEHIE oo 29 xg0] EA = okl

A
(McConnell, 2007). F-EHtH2]9] 7153 AtEAdAME A
HyleTe] Q&8s aefste] o] 259 IS IHTIE

po
s

r O
7ljsta wal TEmMe MgIAY $HUL s En
7
q

JIBEHe T AAE olZHIgezo] oA L FAEH E=
) glo} Booleka ekl 5, 200, olAE ANy

S
p= AV

o] EEEo] e 9% wige dHd TS
UThe Alolwi(Sakai 5, 2000), of2]d FxlA Al
9 BEo sz\l/x]ﬂ‘— 1 S ﬂ?“]—— & vhg- FR3F

i
o

f

ol
il
B

g

th2) ¥4 (patellafemoral joint)ol| 7t 284S & o]xu 2E7s)
$EEo] Atolma) Yrlelme] FAAs Lxo g Qg o
AR F2W 92 X $3S dogu 6] 7|79 Bty
3} $52 oplalel FRUTRAY w7 I o
&S )Tk 15Tk olol Serro et al(2005)E F7dolwu
Fhip join)S] EH(rotation)0] LR 712
g0 BAHE o] VA= Gl TS ¢ B BAY A
TE Y87 ke FAlZal sk9ith Slocum & Larson(1968)°]
sRstAel /1o 7)1z, Be ATSLe Hjolm ok =

0ol EMGLR] RS FWslE YA

S99ES WA = ddar FJcHO'sullivan & popelas,
2005). e} mgeTe) BF AHe #8 R 2
Eu R, Rdolm =93 7 —% Z7kA 8R1sdl o3
3L C(Sakai et al., 2000). 224} Laprade, Culham £} Brouwer
(1998)% gx%q]ﬁ—gﬂz,] __XJ}\ .’F%oﬂ Lﬁg]o} 01 = u;H 7(471—

ojmjo] o =Z(internal rotation)S QFERS-Zo] IATE
A SR 39 1= Serrdo et al.(2005)> 17
o] 23l Akg #FMY RS2 SEAdF) Bl ol
ohal AzskA] ea7lel| g7dolme] e 9] AR AFst
gk dHogE Aol ¢ Edo] A |HA FErhA
HAu Y s34 53 Aolm S99 25| B3
A=A gete A7EAHE K Signorile et al,
1995). 2307 P dei2e] A3 e 54A9 T34
&0 A Aol e QI Y-S AIRITHE JAuv|ZE2Y
YAz 9es mAYa HoATHAndreia & Rui, 2010).
Serrfo et al.(2005) 3ol EFo] IFHWLZ9} 71EHS
29 2 G G I Aolgke 7MY dtel A4 o
g 27|35 (isometric leg press exercise) A 7Fo|me] otz
9 A AEHE Y] SRR VRG] S5 T
A Ut st dhdel] 22 e QREHIEe]
i I R
(Hanten & Schulthies, 1990; Signorile et al., 1995). 71&<] 1+
£ M U0 AR U0 PGS 2 oajs

LZ

zegdoMut ZEAA s dse] % Heoqueiro et al,
205, FEUAL oz JPBE RS HARe 2aE
A 27EEo] Baste Egk F7dolo] A o] el
& 2Em HE o9 491 7122 S} mfo] Bast
A% ANHEERTE B4 A8 A ob ols) g a7
© FZ35k AXo]tiNyland et al., 2004). B3 HZH Q1 AJejoll 1
o] Zolm dol ek AFEE AAHIL YA AT 2
A 2L A5 BE ATE $EG ARl

G & A AR 227] A Fgel Yol 2
e} Ay end omd 93e nAEA = PR

i

ZA53, JPAA =Y 2w W) = dgk e}
of A7atarat s,
0. 97 4349
1. 93 A

B o5 2010 11€95H 20119 39744 570 7+ Aepd

Tof &g ZX oA AAFHYOH, Ao FA3 WY
of i A3 X401] 53] A 5 A oo F2820-30
O dukQl 308 oo g St oAl SR AR
Bo|A AFshs AA A A4(body mass index)S AAF3I
Zq"]"ﬂéH(ZSkgijO]E‘})@] 5:3}131 A dg2e Aoy ZE
i Qltje] 3 A FFo] §lal, F&& welAY 8 o “g7
Adle =7 T FEu] EAS 28198 o ¢Fel §

_l}l'



Tibial Rotation Influences Muscle Activity and Motion of Lower Extremity during The Stair Ascent 469

glow, vl 7% A Helsh delel $2o] gl A, aen

AFE DA B9l MY P2 gn FEBEL T3P

thejol 347 Weo] glojol s X A7) BAL ol
Ao Fefarl2 Bl AL o sk

2% 7

D) 5% 34

314 58 AlsE FAEY AAH(LUKOtronic  AS202,
Lutz Kovacs Electronics, Innsbruck, Austria)g A8-3}] =43}
o} o] A|2ElE 371e] Ao Flwete} T4 Ao )FE wlA
2 A, vAY FAYL 100H2 225 245§
3 vAE Q2% 9|9 dTIM7IAI(R-ASIS: right anterior superior
iliac spine), HZ IAYFWIIAIL-ASIS), Folz|me] me]
(Fibula head), 7Fo|mjo] nPZZ7-A-§-7|(lateral malleolus) 2
T F

ol F2-81 A ti<Figure 1>.

5 ALY 9 AR
YRM7INE o= At Fole] Wo| rejo} v ad 7S
AE AAtole] AR A olEk L (Wren et al, 2008), ©] F A
ol 74 5 02 Al AT 227] Al AR A3} v}
AT AFeIA BEE E-) g gt 4 =Y &9 #
(= TR U<Fgure 2>, T AY 227] 59 YEH
He E‘ZJIO & Lok fel| 74 AIMEE Al Al A
9 d 0=z dAsto] A e27] F¢ JUud 2
Ll %aujﬂr IE FHE VISSIoITE FEMY] Qe g
& Hee 2= ole PR AsilaL, A 227 T 7
o) QMEMPRE S-S FolH 7] ) 4 FAMEY A
AEEAAE 0 mmeg AAste] Ad e27) Fek A ¢
B9} upEE: WS 7SS0 TSmO f5-ol =
FEW Fol F2E v y= oleAHRE golstglo, A

ox

ﬂﬂllomﬁ

r
= o2 i

o
=

il

Pelvis vector

L-ASIS R-ASIS
@ &
R-FIB

1]
=
// ! Shank vector
I
/7 ]
’ 1
o ;~/ R-LMAL
| Hip
' rotation
angle
~ A

Figure 2. Angle setting marker set including right and left
SIS(R-ASIS, L-ASIS), fibula head(FIB)and lateral
malleolus(LMAL)
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Table 1. Result of hip rotation at start event and end event (unit: ©)

Tibia rotation
ER NR IR
M+SD M+SD M+SD ’
Start  52.65+1343  24.144852  -7.00+1645 108482  .000*
End 5399+14.14  4048+800  2330+1341 33579  .000*

* p<001
ER : external rotation, NR : neutral rotation, IR : internal rotation
(-) 3k internal rotation, (+) &2 external rotationS- 2|0
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Table 2. Result of hip rotation (umit: ©)

Tibial rotation

ER NR IR
M=SD Mz=SD Mz=SD P
HIR  473#513 1074129 10.17+12.19 7481 .001*

HER 2553+10.84 25.73£638 37.23+1705 6297  .003*

HRR 3025£10.18 26.80+6.67 4740+15.10 20.810  .001*

*p<.01

HIR : hip internal rotation HER : hip external rotation
HRage: hip rotation rage  ER : extemal rotation,

NR : neutral rotation, IR : internal rotation
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Table 3. Multiple comparisons between tibial rotation in hip rotation
(unit: °)

Hip rotation Tibia rotation pvalue’
IR External - Internal p.079
Internal - Neutral 001%*
External - Neutral 331
ER External - Internal 012*%
Internal - Neutral 013*
External - Neutral 998
Range External - Internal 0007
Internal - Neutral .000%**
External - Neutral .605

* pR05 ** p01 *** p<.001
IR : internal rotation, ER : external rotation
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Table 4. Result of %MVIC between VMO and VLip rotation(unlt %

Tibial rotation

ER NR R
F p

M1SD M=SD M1SD
VMO  69.842143 67.70+19.07 65571848 1555 220

VL 647542830 55.69+20.59 54.65t14.58 247 782

VMO : vastus medialis oblique, VL : vastus lateralis
ER : external rotation, NR : neutral rotation, IR : internal rotation

Table 5. %MVIC of VMO and VL

(umit: %)
muscle VMO VL
t p
Tibia rotation M=SD M+SD
External rotation  69.84121.43 64.75£2830  .675 S15
Neutral rotation 67.70£19.07 55.69+20.59 2125  .(040*%
Internal rotation 65.57+1848 54.65+1458 2246  .031*

* 035
VMO : vastus medialis oblique, VL : vastus lateralis

289 w9l

1) &3} 71E W
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mm O 7ol o] we} FAgHOR frefgt Aozt 9l
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=UY TH S 09 F
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=3 7hle gt Zo]7l SIATHp>.05) <Table 7>, AT
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ATH(p<.001) <Table 6>. ARF-E-AE
% 593 &% =9 7 9 g%

Table 6. Result of patella lateromedial displacement

(unit: mm)
Tibia rotation

ER NR IR

M+SD M=*SD M+SD 7
MLR  64.89+36.64 21.58%594 1559+6.55 10034  .000*
LD 5749+31.80 17.87+8.19 10.61+7.31 35430  .000*
MD 7361503 3704492 497473 800 454
* p<.001

MILR : mediolateral range,
MD : medial displacement

LD : lateral displacement,

Table 7. Multiple comparisons between tibial rotation in lateral displacement

Tibial rotation pvalue’

MLR External - Internal 001*
Internal - Neutral 849

External - Neutral 003*

LD External - Internal .000%*
Internal - Neutral 485

External - Neutral .000%*

* p<01 ** p<001

MLR : mediolateral range, LD : lateral displacement

2 A=} olh= W)

A 927 A A7olm Edol REuel Welo] vlAE
ks gotry] Hal dd Hi]{vﬂ_"&l?:@u(one—way ANOVA)S
A A7 Ad 227] B F2mo] AA 927} oz

Table 8. Result of patella Superoinferior displacement
Tibia rotation

ER NR IR F Vi
M+SD M+SD MzSD
SIR 2340£1282 12.06+3.77  731£334 31132  .000**
ID 17924891  1040+298  530+339 25431 .000**
SD 5494501 1664228  201+1.89 8316  .001*
* p<01L** p<.001

IR : superoinferior range, ID : inferior displacement SD :
displacement

superior

Table 9. Multiple comparisons between tibial rotation in superoinferior

displacement
Tibial rotation pvalue’

SIR External - Internal .000%**
Internal - Neutral 162
External - Neutral .000%**

D External - Internal .000%**
Internal - Neutral 021*
External - Neutral .000%**

SD External - Internal 006%*
Internal - Neutral 947
External - Neutral .002%*

* p05 **p<01 *** p<,001
SIR : superoinferior range,
ID : inferior displacement,
SD : superior displacement
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