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PURPOSE The purpose of this study was to investigate the risk factors for anterior
cruciate ligament injury using the Landing Error Scoring System (LESS) and muscle
activity during the drop vertical jump for overweight females. METHODS The body mass
index was 18.5-22.9 kg/m’ for normal weight females and 23-24.9 kg/m’ for overweight
females among 10 participants aged 20-30 years classified into groups of participants
without any injury history and those who were right-footed. An automatic height-

weight machine, body composition analyzer, diagnostic imaging, electromyography
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with the LESS, and muscle activity analysis were used for measurements. The difference
in muscle activity between the normal weight and overweight females was evaluated
by independent t-test. RESULTS Overweight females had a smaller angle of knee
bending during the drop vertical landing, leading to a smaller knee curve angle. In
addition, they landed with an unbalanced foot touch on the ground inclined backward,

thereby breaking the whole body balance. Overweight females had an incorrect posture
compared with normal weight females, with higher LESS points. The muscle activity of
the rectus femoris was higher than that of the biceps femoris, indicating a higher load on
the muscle. CONCLUSIONS Overweight females take more load on the knee joint and
cannot absorb the impact force properly. These results suggest a higher risk of anterior
cruciate ligament injury in overweight females.
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Fig. 1. Experimental setup
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Fig. 2. Drop vertical jump task (Padua et al., 2009)
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E AFgEe A ZHE AIAE(DTS Probe Transmitter, Noraxon
USAyZ ARgstlen 2A% dold +3 d= 29 1,500Hz9
A5 & HlolEE $yotgint. A2 A% (raw EMG)= 10~400Hz 2
El™(band pass filter) & FF(full wave rectification)stH . 2+
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AEASE7] 915te] RMS(Root mean square) ©|-&5to] B3t
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Table 1. Operational definitions for individual LESS items (Padua et al., 2015)

Landing error scoring system item Operational definition of error Scoring
Knee flexion: initial contact The knee is flexed less than 30° at initial contact. 0 = Absent
1 = Present
Hip flexion: initial contact The thigh is in line with the trunk at initial contact. 0= Absent
1 = Present
Trunk flexion: initial contact The trunk is vertical or extended on the hips at initial contact. 0 = Absent
1 = Present
Ankle plantar flexion: initial contact The foot lands heel to toe or with a flat foot at initial contact. 0= Absent
1 = Present
Medial knee position: initial contact The center of the patella is medial to the midfoot at initial contact. 0 = Absent
1 = Present

Lateral trunk flexion: initial contact

The midline of the trunk is flexed to the left or the right side of the body at initial contact. 0= Absent

1 = Present

Stance width: wide

The feet are positioned greater than shoulder width apart (acromion processes) at initial 0 = Absent
contact.

1 = Present

Stance width: narrow The feet are positioned less than shoulder width apart (acromion processes) at initial 0 = Absent
contact.

1 = Present

Foot position: external rotation

The foot is externally rotated more than 30° between initial contact and maximum knee (0 = Absent

flexion. 1 = Present

Foot position: internal rotation

The foot is internally rotated more than 30° between initial contact and maximum knee 0 = Absent

flexion. 1 = Present

Symmetric initial foot contact: initial
contact

One foot lands before the other foot or 1 foot lands heel to toe and the other foot lands toe () = Absent
to heel.

1 = Present

Knee-flexion displacement The knee flexes lass than 45° between initial contact and maximum knee flexion. 0 = Absent
1 = Present

Hip-flexion displacement The thigh does not flex more on the trunk between initial contact and maximum knee 0 = Absent
flexion. 1 = Present

Trunk-flexion displacement The trunk does not flex more between initial contact and maximum knee flexion. 0 = Absent
1 = Present

Medial-knee displacement

At the point of maximum medial knee position, the center of the patella is medial to the 0 = Absent
midfoot.

1 = Present
Joint displacement Soft: the participant demonstrates a large amount of trunk, hip, and knee displacement.
Average: the participant has some, but not a large amount of, trunk, hip, and knee 0= Soft
displacement. 1 = Average
Overall impression Stiff: the participant goes through very little, if any, trunk, hip, and knee displacement. > it
=St

Excellent: the participant displays a soft landing with no frontal-plane or transverse-

plane motion. 0 = Excellent

Average: all other landings.
Poor: the participant displays large frontal-plane or transverse-plane motion, or the 1 =Average
participant displays a stiff landing with some frontal-plane or transverse-plane motion. 2= Poor
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3. A FHS B7t

A QFHSE (Table )0l Hizntel o], 7|25 Ao A &
o] Aol 27] AlFehe 2] 27] F& A -] A B
S| A Z3 AHolA ZRE AR FHFE Fotdo] A
+E B7lst9th(Padua et al., 2015). ¥ Y44 F 87HA] &
Eog 7 979 QRAFE FUstH o, Fu FAA F 97t
A FHo 1 879 LFHAFE RISt uixoz HHt
=mo] YAe FAHoR Busto] 0~278e HUlstoict. LESS &
THSE 198 Hmof 718k T30 9low, LESSOIA <=3t 24
(excellent)i= 4% ol5}, E2(good) FA= 4% 23} 57 olst, &
(moderate) 2H2]+= 53 23} 63 olsh, U (poor) A& 648 23}
2 X7 QJtiPadua et al., 2009).

4. YFEA

AN IAES] A QL FHF(LESS) 4 AL 594 £4 =
23391 7]=HloK(Kinovea ver. 0.8.15, software, www.kinovea.
org)& AH&-5to] LESS B717]&0l A 245ttt At dAEY]
22 2 784 Zte= AP AT(Cho, An, Cho & Lim, 2015)°14] 7]
Zoto] EA5HIth Figure 5. AW = AW A9 A 74
& AEg AEch=t] QoA FF E017] YAl B AE AHES]
o] 7hi|ehg A AT =9 9 AFH] =Z]o] FEE HA]5H3

A A

B 704 295 A2 SPSS(Version 18.0) 4] T2 1% o] 8
sto] BAsIolTt A4 A AT B 1o e 7 X 9 A
20} 317 ZRAE Aol ulTsP] ol SURE AHE AN}
Fow], fOY5EE p(05E AT,

AT IS

Fig. 5. LESS angle definition (trunk, hip and knee flexion angle)
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= (Table 2)¢F Zt}. LESS 1MI(FA] 27] & Al £& 2% 4%,
p=.001), LESS 11¥(ZA]9] BA4, p=.018) FEoJA SAZHOZ
foulgt zko|7F UEbtHp.05). TS A4AS o143} AlF o
49] LESS EHoJM % EAH g 895t ZJo]7} YelGTHp=.001).
LESS 7, 8,9, 10, 12, 13, 14, 15 §5-2 & o] EZWA7I 0 E
£ 12 YERA gro] A=A sttt &, B3 o3t 2HA
Z 943E9 LESS Mot Tt =0 o]zt = Zo] ofyk
LESS 19 =3} LESS 111 3=, LESS S| A%t f-ojulgt xfo] 7k
ERg T

EEEECESREERER S EEES SLE R

(Table 3)°]4 H= vie} o], ZA|z7]o0|A HrE== 7Pl
phase)ollAl HAIE 4HES drielZ 22 Hd 2 =7 B4
A5 o/dell viste] frefstAl o A et th(p.05). &3, T+
SZFA HNFTEAH F7HP2 phase)ollA] TAF o859 dot
22229 o 2 427t AT o/doll wlste] st B &
Al HERATHP<.05).

Table 2. LESS score between normal and overweight females

(Mean%SD)

Variables Normal Overweight t p
LESS 1 0.10+0.32 0.80+£042  -4200 .001 *
LESS 2 0.10+0.32 0.00+0.00 1.000 343
LESS 3 0.10+£0.32 0.30+£0.48 -1.095 290
LESS 4 0.20+£0.42 0.30+£0.48 -0.493  .628
LESS5 0.56+0.53 090+032  -1.749 .112
LESS 6 0.30+0.48 0.50+0.53 -0.885 388
LESS 7 0.00 £ 0.00 0.00 £ 0.00 -
LESS 8 1.00+0.00 1.00+0.00 -
LESS 9 0.00+0.00 0.00+0.00 -
LESS 10 0.00+0.00 0.00+0.00 -
LESS 11 0.10+£0.32 0.60+0.52 22611 018 *
LESS 12 0.00 £ 0.00 0.00 £ 0.00 -
LESS 13 0.00+0.00 0.00+0.00 -
LESS 14 0.00 £ 0.00 0.00 £ 0.00 -
LESS 15 1.00 +0.00 1.00 +0.00 -
LESS 16 0.40+0.52 0.50+0.53 -0.429 .673
LESS 17 1.00£0.82 1.50+0.53 -1.627 121
LESS Total ~ 4.90+1.56 740+126  -3.883 .001 *
*p<.05
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27| 27]-FdF-E=3 7HP1 phase)

P1 7+ & 3 dro] o] &7] Alshe 24 27] & A|-
A BBl YR F3 == ARH7A 9] 7tolH, A FH S5
LESSE &8&sto] I, 75, 990l 9 &89 94X A& Jd 1+
Hlw BAstlch. LESS 4 Ay}, 2] 7] & A| 59 25 2
Z(LESS 19, ZA19] SAIA(LESS 11§04 IAS o E0] B4
AS odEol vlste] Fp7F FolotA o A UER o (p<.05),
IAF AGES FAIS oI dEET LESS FHE F-95HA ] &4

UERATHp.05). 181 EFdY & AP A] Z50) 7HeiA=
Fokg S4o17] floto] drigl222 oS4y < 24
TE A% A3, JAF AGES AT odEol Btk gt
gZ2ToA Hdf & EHEE RSHA B =4 YERLTHpL05).

22] Al A5 X]'/\ﬂ‘“ AT G BEe] 9o, RS 1
A ZAHE 2 FZEo| ofx] T RS S EAIZIH(Hewett
et al., 2006; Ford, Myer & Hwett, 2003). 222} &= A=A #;
A 74 viAIUFoA FEREY 74k Wil 523 a%loH
(Russell, Palmieri, Zinder & Ingersoll, 2006), Z+A] A] L3t A5
2 & ZAA 9 Fxo| FEokg Fo] FAdE FEAIXIHGoulding et
al., 2000). & A+47, BFAF 452 FdAF o140l Hlote]
TS5 A FAoto] £E5/E Z4w7) o Zgkon, o]2 Qlsto] F
STEE H1 Y HEE Fole gohe 222 g &+ 4=
HAF of/do] FAF odel vlste] o =A Hetsth & ﬂ“E
7t = veths A2 AYEoR & Bk 8ol AgEE
< 9ush, 449 f1fo] Atk & &= QUtk(Hewett et al., 2006,
Ford et al., 2003).

Goulding et al.(2000)2 =3t A5
< 7H ARFEET oFA] T 7]'3H1]t 2 —r°}7} A= o] 517
T ZAA ] B2 TS FoH oFH oW, Lee & Jung(2018)2 A%
o] o] Y8 B59] & Kol Qloto] & 32k F71 4= glo
W 2 o] A B3 S7HE 4 ok it o] o] E A
TFolA A o= S Mc}fﬂl% /g5l Hlste] 52 9 F51A
A5t FAY S FE9] F5oA ot BAAS o=l Blst

A AEES G AS

o BT 3 A% A DA 2A9IEO F 2 5 IS
Aoz Aead
27 4] W)

= F4YE o] YoM EHEAE A o=
HP‘?;‘ED} ko] k& 0 g 2| E 3fof 31H(Gross & Nelson, 1988),
e £017] YoliA 7Hett B8 HEE AL, 2R & e ok
S}sk= MEko] " g sttiHewett et al., 2006; Ford et al., 2003). &

AO] LESS ¥/ £4] A, A H o8 fAF o2 T
2 J S0t ZAoto] 59 o] FUA T Smith et al.(201
A o] g 3 w2 GojA W A9 +F 5= o] s
=9 —?—ﬂl%ﬂé AlofstA] E3ithal stHA TAFol +BZ #
£ 595 AstA7]= & 714 8loletal B sk

£ AqolA FEAS AT TAF 85 AALFHSE B
7beha vla R4S A, 4—1'74*6 oJHEL [ESS 18 gH=a} [ESS 11
=t oy}t 7 -5 T3t LESS S A= Zo] 7t Ykt
t}. Padua et al.(2009)2 —?—’F—?l 22 47 olo}, £2 FA= 48
%3} 57 ols}, BE AA = 53 27 64 osh, U FA = 61 23t
2 Jostq o, B AolA FEAS 852 49802 £2 7}
A, JAF AFEL 74802 HE A E o1 Ql= A= & 5 U
At &, JAF 852 SR A ZAAIF oSl Hlsh
A F AEE AR ZFA ok AEAARIY e Fdei ol T
A Uebs

X
0
ol
A

3

I‘E

HYFEZF-FNFEAH P2 phase)

P2 7+ A ] Mo FEFEo] AR 23 H= AlRolA
FE5Eo] HYR AA == AR7A 9] 7ttt P2 B8l
FA 4L 89 WEo 2 S olHA e AlXo] w2
3 2-_ QF3HFord et al., 2003).
A+9] LESS 43} AT B4 Al 3|S5 o452 FAA

o 0:1’\4501] H|sto] o] gro g 7]gojA Uit E3L drigE
2ol A Hd 2 *357 FRYotA B A VERATHp05). TAF
QPES FES AU SR FES B W, HOo & VS0 A%E=
=9 FAFAHE AolotA] Zote] dohelE2e] o S84 E7
9 =4 Yehtth

dohe2229] Hd & 4% =4 et 23E Boto] IHA
% 52 HAIT o550l Histo] BItAH & Lo R <l
sto] ARG 2449 el ¥ =&H = AS D 5 U =
G A5 AT 950 vlote o B2 JFo= 7 n—/]
& Fole Fo8M L HEEVF 7R S Q1 B Ei UM
% QK (Lee & Jung, 2018; Smith et al., 2010). £3], 559 A7+
71l tet EEAY § SAHEE o] YA dolA =l ok
B4 Al 330 7Hel A= Fote 7oA FtkSibella, Galli, Romei,
Montesano & Crivellini, 2003). W&t A5 oJAES =5HY
T AR A AT A5l vtk 4 A0l B =& 4= 3l
Tl S s, AR 4 A6 ote] AlEe 2o
StA 9] 23} AA9 M E STHAA 5Y FASAZ Aol
4 YL E Sfof gt

Table 3. Muscle peak activities between normal and overweight females in P1 and P2 phase (unit: %MVC, Mean+SD)

Normal Overweight t P
Rectus femoris 110.63 +44.40 171.64+69.11 22228 041%
P1 phase Biceps femoris 68.69 + 54.01 68.01£32.29 0.32 975
Rectus femoris 83.12+4555 157.19 + 66.14 22767 014%
P2 phase Biceps femoris 64.82 +49.07 74.87 + 60.50 0387 704
*p<.05
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