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PURPOSE This study analyzed the difference in lower extremity joint angle and
shock absorption patterns at the point of maximum ground reaction force during
single-leg drop landing with or without anterior cruciate ligament reconstruction
(ACLR). METHODS Forty adult males were recruited for this study, with 19 in the
ACLR group (age: 20.52+1.43years, height: 179.26+5.18cm, weight: 74.91+6.29kg)
and 21 in the control group (age: 21.42+1.61years, height: 174.97+6.83cm, weight:
69.27+7.56kg). Participants performed single-leg landings on a 30cm tall box. An
independent sample t-test was used to analyze the difference in kinetics variables
at the point of maximum ground reaction force upon landing, with significance set
at p=0.05. RESULTS The lower limb joint angle showed significant differences in hip
flexion, hip abduction, knee flexion, and knee valgus (p<0.05) between groups. There
was no significant difference between the groups in terms of the results of kinetics
variables during single-leg landing (maximum ground reaction force, lower extremity
stiffness, and shock absorption time). CONCLUSIONS The ACLR group showed a clear
difference in kinematics compared to the control group, but no significant difference
in kinetic results was found. The two groups compensated for the same impact with
different movements, though movements in the ACLR group may increase the risk of
ACL re-injury. Those with ACLR should strive to reduce the risk of re-injury by training
to use correct movements.
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A=E 517] Yaf AP cH(Tapasvi & Shekhar,
2021). ¥Rl ACLR & &2 A& oo o] 4] Auf vl&
2 of 3-25%2 HIET 9cHWiggins et al, 2016). 3&2 <
off BtS FEdol §oF S7F 2 AR 59 91 Qi Ax
= £ %ol &4, BAA 1 528 Qg tlg &4
o] Yyeld &= 917] wlEof(Paterno et al., 2014), A T2EF
2 & F ATE 1ot FHO R o]FojFh(Cavanaugh &
Powers, 2017). A&Adol o2 ACL #4349 91842 Hx &8
o} ¥ 34 YeEFYH(Paterno et al., 2010), 1} ACLRO] |3} A<
& § B2 7159 Astet @A AT o2 =2 23 EY
(osteoarthritis) 'WAE°] 5715 0] YeEbdTtHGrassi et al., 2016).
E3E 12 ACLR o]F 59 o 9F 12% o]4de] Al&sdo] Yephdtt
I B33 9l om(Buckthorpe, 2019; Salmon et al., 2005), <
A3 98 249 gl 23 &4 4 £ /5359 98 54
o7 ZFole=yg WA o7 o]FolAof stth(Buckthorpe, 2019,
2021; Paterno et al., 2010).
E4 olF, GG B AR 2T EJ5EE ACLR B2+ 3
A 54 Ate FE5349 7|53 ACL AledE A5 = 3
7] J TEol Higt A GsH gLt ols7t Fasttt
(Johnston et al., 2018). ¥ & A= A= 3P} 2z =
oA &3] Yehh= sii o &, 54X 9] JA| e B7tstr] s
2 857 Qlom(Wilczynski et al., 2020), ZHA] A] Y= 2
FAI AT T4 9 ol WE MA SR Qe ACL #AT =2
AL 7FR 2 Ath(Weitz et al., 2020; Yeow et al., 2010). A
PATo] =, g 2] W2 AFH 2A E(frontal plane
projection angle, FPPA)OIA] &5 QHhS © & AT 4= Q1S
< Bastglon, o]z AX =9 BA wAYUEE ¢S Drop-jump
Hop A0 R AET 4= Sl £2 57 Wl Attt
(Munro et al., 2017). E3F, FuRt} 2] F&o 4 Hof 9] 73
Z A debgo] Frksto] ACLOl o B2 HE-E& F1(Chappell
et al., 2002), 4] A| F534Eo] AA A7t € o gt 9wty
O Qs & 4 71do] W HAHBoden & Sheehan, 2022;
Diermeier et al., 2021; Olsen et al., 2004).
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AT A= F 40P o2 APHARIY AA&eS w2 4
@3 1998 (Ho]: 20.52+1.43years, A1 179.26+5.18cm, Al
74.91+6.29kg)3 79t P4 219(Hol: 21.42+1.61years,
Z: 174.97+6.83cm, A% 69.27 +7.56kg) 02 TS FLHS}
ot T 67 oyl & ¥ WEE 121 oF 5 44
of o]do] §l= LR St 2 A4t XSty 7184
a9 edd 590 w2 & AP o (INU-IRB.7007971-
202006-006A), A o] A BE gdAoA A+ 54, 34,
Azt Fofl tis] FE5] AET & ALH R A7t 5o Ao A5t
Aok 2 AT A=Y A1A 4 X2 (Table 1)3} 2t

B 3R ol o rfr
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gt ¥ ZA= Orishimo et al.(2014)2] AT1E EUE, 71&0) oF &
< WAR YR Eo] 30cm BFA QoA A A ] FAFHE A
O 2 o]Fsto] AAF Yot 4= UEF Shlch A & F TE 7HE
AR &9 AR oF 527 4P FACES sFgloH, 2R A A
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T 2 AFS APoelet. BE WA A 58 EAS 54
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B2 7M1 2H6 Eagle Camera & 2 Raptor System, Motion
Analysis Corp., USA)F 1tH9] A™RH] 7](QR6-5-2000, AMTI
Inc., USA)E E&otdtt. FAEA 7Hvete] 29 &£ MEY ¥
22 120 frames/secO 2 AR, JARE F4How AL
W d FeS U] & 8t s FE VST LERE &
Zto] W91 YHs] xS & J=E AAHsilon, AR &

o

Table 1. Characteristic subjects (Mean £ SD)
Group ACLR (n=19) Control (n=21) p
Age (years) 20.52+1.43 21.42+1.61 .105
Height (cm) 179.26 £5.18 174.97 £ 6.83 .025
Weight (kg) 7520 £6.13 69.27 +7.56 .007
ACLR leg R N

Abbreviations. ACLR: anterior cruciate ligament reconstruction;
R: Right leg; N: None

https://doi.org/10.24985/kjss.2024.35.2.337



Effects of Anterior Cruciate Ligament Reconstruction on Lower Limb Joint Angle and Shock Absorption Pattern of Adult Males during Single-Leg Drop Landing 339

Aoks AE WFE Y5, - FFE X5, AHCERE 2 7
T 7502 AHYsto] 4okt ESE Helen Hayes Markers
Set(Kadaba et al., 1989)°] SJAst] FAEA A AEOA A4
4S5 Pt Al AA A sk 5 SAHLE T 19709 §hAL
utAE F2oto] & ZAAE EYota, AF F2el ol s
F5 9 HEFEO] o F2Hd 4719 upAE AATT &, F 15
7R9] utAE AHESte] &S SA 5k tH(Figure 1).

AR ¥l ZF tdRte] AFOoE yiro] BESOIA (%
BW), 1% Fd| 32 A4l (maximum ground reaction force,
mGRF) 3t 2463t Hdf 2 AAgE A|doA g3a4,
Hegbd ulEyg o] 7 o X 427 x| Hule b TO]'-g(Loadmg
rate), SHA] 34 (Leg stiffness) HloJ8 41 2 £4 ATLEYof
(Cortex 5.0, Motion Analysis Corp, USA)E &85}t

A A

A7 A5 9o AAs EEE AEE FA AA"oR A &
4 SHAE FEIoto] A5 tH(Plagenhoef et al., 1983)
(Figure 2). Hlol¥] A A] o]=o] izt 2t AAE flo) Ak
ZFat>(cut-off frequency) 10HzZ A slo] A5} txg °
Bl " (Butterworth Low-Pass Digital Filtering)#'#H<& &-83}o]
AFd(smoothing)& AAISFE AL o], 22 L& 0.3mm °|W

2 A7gstalct. A ey dlolHE 29 1,200Hz2 MEHot] £
Ao, BE HolH AIHS YAA7]7] Y8l obFd R -2
(NI-USB 6218, National Instruments, Hungary)°ll 93f| 5713}
skt

o] 382 vhaT 2 102 AEH A mGRFE A 4
2 A 7 gAY AFCE Yol BES} g 3holH, 4L
AW 27] JE AREE A 2 AHerE A87EA] 25 A7F
FA4Y =4 W3} vgo|t}. o= 51| FAY Ftol 45 A 5

rlo
N oH

)

N L

rlo 4

% Aeivke A 4o] 2uk A F410] 52 Wskgo] U A U
), 5}A] #Eo| o A H A& Yot= AL ou|gict
mGRF
Leg stiffness =
g AL

H51&(Loading rate) th3 22 3402 AEH U Hd
2] AEEkg o] Tgsk= AJZHtime to mGRR)S 27| & A4
e =2 A9 wH Al 7ER] 9] AlZtolt,

Loading rate = mGRF / Time to mGRF
A A9

FoA AEE BE AxF HlL Windowss 4 213
| S 26.0(IBM, USA)& Ar&staom, i dA=EE +=3E
BE W2 B¢ % EEHEH(Mean+ SD)E A& ZE H
o[efof thgt F4 AL fI) Shapiro-Wilk testE HAISHA
o} ACLR H&9] #4 o1AQl & thejet iz e 5 the
O] g FA] Al HPA AR A1) ofA] A 7ot A A H
v (Maximum Ground Reaction Force, mGRF), sFA734(Leg
Stiffness), F-5M&(Loading Rate) A}0]& £45H7] 98] 5 &
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Fig. 1. Helen Hayes Markers Set (Dynamic marker set)

Fig. 2. Point of maximum ground reaction force

t-AA(ndependent t-test)S AMESHITH RE
89 22 p=0.05% AAs%T}
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ACLR Jata} iz ok 2 & & 2R A] H A AR A 9] of
2] T 9] Aol (Table 29} . Hip Flexion(t;g=2.934,
p=.0006), Hip Abduction(t;3=-4.517, p<.0001), Knee Flexion
(t54=2.585, p=.014), Knee valgus(t;3=2.272, p=.029)°14 9]
3t Zpo|7} UEbgth ACLR He2 tix Foho] vlste] g4
9] 23 9 WA FEEe =3 9 oyt Z=vF 3 A YEgt
(p<.05).
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Table 2. Result of difference in angle of lower extremity joint at the time of
maximum ground reaction force

ACLR  Control

Kinematics Variables aroup Group t 2
Flexion :}:4112481 :i;737692 2.934  0.006

MP Abduction M 9% 4517 <0.0001
LR e

Angle Fleion 20 230 2585 0014
) Knee Valgus ;59261 191338 2272 0.029
B S0 I8 om o
40 4 o o

Eversion jlll..g547 iégg -0.320 0.751

Hok

p<.05, " p<.01; " p<0.0001

Note: Data are mean + standard deviation, + is the movement

on the table, and - is the opposite movement. (+: Flexion,
Abduction, Valgus, Internal Rotation and Eversion, Abbreviation.
ACLR: Anterior Cruciate Ligament Reconstruction

Table 3. Results of MGRF and shock absorption pattern

Kinetics ACLR Control erou /
Variables Group © group p
mGRF
(%BW) 3.19+035 3.16£040 0264 0.793
Leg stiffness
3531+6.74 38.19+11.07 -0.983 0.332
(N/ms)
Loading Rate 65 99 . 11,65 68.36+25.12 0390 0.701
(N/cm)

Note: Data are mean + standard deviation,
Abbreviation. ACLR: Anterior Cruciate Ligament
Reconstruction, mGRF: Maximum Ground Reaction Force

el o)

2

A A o

=

4 Wol Az}

ACLR Hat3t oz ek 7 30 2H1] A] 542] 24, A AN,
E518-9] Afo]+= (Table 3)7 Zt}. Leg stiffness, mGRF, Loading
Rateol A 7+ Ak 7] §-2J%t ZFo| 7} YrephtA] odSktt.

=9

£ A7E AP AAE W9 A dx P g
2 PRI Adgo] el dA T E 2 A 5hA) B 7}
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ACLR Fdo] dizx ot
=2 }lo] Yepd Aol o
A Al AR AJollA] 5HA] I Zt= ACLR o] dix
Ato] Hlsto] FE23E 0] F3(p=.014) L °¥H(p=.029), 21
YB3 F3H(p=.006) L HH(p<.0001)°] FA trepe). vhd
of, A AR 54 §5 WEHolA= A Al F Jd 749 2
o7} e tA] ekt

£ A9 AFtoA ACLR o2 thx Jokat vl woso] 2x
FEHEY 24(p=.014) ¥ ¥Hp=.029)°] Uetsitt. 33+
2 FAUS 37 o, S 75 HYY A 54 F
B AA Y vheket #E ) BE HollA YEht, &
A9 W 4 o] F2EY utdt BHE &5
2 23 H(Wilezynski et al., 2020). E3F & A 23} ACLR F
2 = ko] vjs] JBTE e YKol B ZA UErge, ol
g Y HAA FEE 9] k2 JPBE Y 2ES 7R FFE
nE 4= QUohs APATFY] A} Xk (Barrios & Strotman,
2014 Barrios et al., 2016).

FEHEY #E3 WS HYE 7158 2L U
(Lorenzetti et al., 2018), JF=4d WAZe w4, S8 AE B
A 25 2AE9] 75 ol 9 oks}, 21 HEEE Ths MY
9] Zra7F 25+ 4 th(Bell et al., 2012; Mauntel et al., 2014;
Myer et al., 2014). o= FEIENA HeptE Qyto] trefst 7]
T AT U ARYS 2AR FERET 2 1S HE A
o] ofyzt oFA| 9] HE WA L5 EFHoE 1o TS
ettty wobEch E3E dutd o2 ACL &4 71 A FE3H 9
ot Z7F 9 Z39] A olH(Fagenbaum & Darling, 2003; Ford
et al., 2005; Hewett et al., 2005; McLean et al., 2004), °1% &
A 55 QU2 ACLY AR &4 g A& 5 e 4E
3t Q9lo]th(Herrington, 2014; Hewett et al., 2005). A3 -0
A ACLR &2 ZA] Al 7tk 58 9ut ZHES 371& 7
AA)7]17] fl5to] A0 R HAFshs A fiHE YErth
B8t t(Ithurburn et al., 2015; Lewek et al., 2002). ma}A,
ACL AAES APt ete 42 A3t g o A3 At
9] el &= o] itk wekET

2 At AF, ZA Al HfA Rt oA ACLR Jeat tix 3
o ZF FOlFE Aol 7k EhR] ottt ol & Ao & WA 7Hd
o4 ACLR feto] thz Heto] H|sto] &4 &4 wdo] £4] ¢
Al vepd Zojet 7Hgst F WA 7HEa AX6HA] =tk ZHA] A
ZFA o] vtz AL ofA Wil AojA= 5 ERlE(total
support moment, TSM)S] 2}o]7} gltk= A2 oJu|sttH(Pozzi et
al., 2017). T3 £ A9 ACLR I iz o3t vlaste] %]
wHetg o] it £24 &< ¥ (Loading Rate, Leg stiffness)l gt
2ol & WERFA] 29kth ACLR Hetat A7 thxa9] 3 o 2]
Al SFA] Al AAZE A F4S A A 6] /15 AU A 83k YE
Y= F A A ZH E(total support moment, TSM)S] Z7|¢} £
£ AYE APAo] =29, e 7F Aol 7t il o, ACLR Hd
= Jeo] vis) FH o s RS Vo7t Woly g
9] 7| &7t wrhal B Qo). o]+ FEE HHE Fhao] ff

A2} Q1 HAYo] g itd HWE Z7l2 o]ojAtty B35+

Eoll(Pozzi et al., 2017), & A9 &5 54 Artet A

>
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% —’F—i—" "a‘*c]’ %"%% 7}—“01'74] St ]‘i‘l’
ShA] oA =o] ARl A Q] s A
mjiZo] ACLR &AFe] A4 {130l S7FsHA
(Paterno et al., 2012). E3F, St gF 24]7} o

&Zol|l A ACLR @‘:h)r 22 %Z! T e 24 E}ﬂﬂ' 0}"‘
733t thEjof] Holx] A3t wfelo] yehd 4= Ak EJ_QJ_ ol
=d|(Di Stasi et al., 2013 2015; Hart et al., 2010), ©]&= ACL &
o] Sl Je2 Bt S SHA oA 23 B39 H]&o] o
4 98-S 9u|gtH(Schmitt et al., 2015). o|& vigto & H=& 2}
A &2 5e U= A4 2 25 Alojof tigh 3152 ACLR &
g AdS 1ﬁ7}°}t &5tA AHEE71& stk (Decker et al.,
2002). &, ACLR &2 iz Jdt 22 348 dH2te 342
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ACL AR 984 37H12 4 Ak 2H Yol
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