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Objective: This study aimed 1) to compare the Landing Error Scoring System (LESS) score
and movement patterns during landing of the lesser dorsiflexion range of motion (LDFROM)
group to that with the greater dorsiflexion range of motion group, and 2) to identify the
correlation between the weight-bearing dorsiflexion range of motion (WBDF ROM), LESS
score, and movement patterns during landing.

Method: Fifty health adults participated in this study. WBDF ROM was measured using
the weight bearing lunge test while movement patterns during landing was assessed using
the LESS. The joint angles of the ankle, knee and hip joints during landing were analyzed
using the 2D video analysis. After mean value of WBDF ROM was calculated, participants
were divided into two groups (GDFROM and LDFROM) based on the mean value. The
Mann-Whiteny U test was used to identify differences in movement strategies during landing
between two groups and the Pearson's correlation analysis was performed to determine
relationships between WBDF ROM and movement strategies.

Results: The LDFROM group showed the poorer LESS score and stiffer landing kinematics
during landing compared to the GDFROM group (p<0.05). In addition, DFROM was
significantly related to the LESS score and landing kinematics (p<0.05) except for total hip
excursion (p=0.228).

Conclusion: Our main findings showed that the LDFROM group had poorer landing quality
and stiffer landing movements compared to the GDFROM group. In addition, increase of
WBDF ROM significantly improved landing quality and soft-landing movements. To reduce
shock during landing such as ground reaction forces, individuals need to better utilize
WBDF ROM and lower extremity movements based on our findings. Therefore, intervention
programs for safer landings should include exercises that increase WBDF ROM and utilize
eccentric contraction.
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FEo=z 2|, &5 S2M (ankle complex)

Htalocrural joint), =22 2E (subtalar joint),

ZZot2| 2 (distal tibiofibular joint)2 T4 &/
A Al 7ISHCE o EEdte SEE 7HL
H(Hertel, 2002). ‘&= S&X= Y= (oblique axis)& 7HX|
=%t BHEM Z%| (uniplanar motion)0| OFl C}
2 (multiplanar motion)2 &I Z|H, 2SALS
K (kinetic chain) 20| M2tM =9 2XA2 5
(proximal segment)?l HZ ol FgkS O|X|A £/ O
A2 XEHQ 57 24 HO|E Sl AN HetE e
OJX|A ElCkNeumann, 2016). 2340|L} %X|, = &1
71& £ Al X[HO|| 7 BN e AH 29le
HMst= 20| &&50[7| -20|(Neumann, 2016),
252 fIsiMe L=l 7|50 ZR%IC0 2
23N Al4H(sagittal plane), |0+ (frontal
(transverse plane) & Al 7HX| XFRE=E 7HX|1
Ul OIF AlMHE 7t 2 S2Y HeIE 7HX1 e
LA o350 B3 7|52 HHTICL AMEHNE ST
2l(dorsiflexion)t 2HIEZ Bl (plantar flexion)O| 2O{Lt1 O]
A2 45+ X @ LM S S AH /XE 0|8A

QUCHNeumann, 2016).
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ULCHKang, Lee, Park & Oh, 2015; Kim, Park, Kim, Lee & Lee,
2021; Lee, Jeon, Ha & Lee, 2022; Macrum, Bell, Boling, Lewek
& Padua, 2012). 2SS0l A0 7t HEXQ ZXHe= EE
oo HEVISHLIQ Moto|th. ESoe HEILSHR Mot
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Ho

o
mu o HS

o aoT % o —=
o MM™MoZ Efnd & QUX|TF FHEIHK| Z(gastrocnemius)Tt
ZtXHA| 2 (soleus)| £+ (Radford, Burns, Buchbinder, Landorf
& Cook, 2006), 7}& 25 HXL(lateral ankle sprain, LAS) 2
Of2[t 2| B2|(Hertel 2002), &4 0|5 E 2549
SHDelahunt et al, 2018) 52| CtYst YIS Edff izt
AUCL ST HAR7ISHS M2 EH(Lee et al, 2022)0]
LF AR E(Macrum et al, 2012), EH ATt LHZ27|(Kim et al,
2021), 38 8 53H(Kang et al, 2015) S0 ¥e2 O|xIct
1 HOERJCE o MAAT0M HAS EHES 25ALE
A 2o oo 2% 22 R 2HENM 2HEE S 0[5
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ARX 2E T P HIHEHA ABEE= & B St FX
= HX|o|C AX|= LIt £E, AYUEES HESHH AL
Sto) 542 Solor st SHX|2] YHEYE = RAISHOF S
= 7|20|0) HRE KHME &X|g 42 FuXRICi@nterior
cruciate ligament, ACL)2t LAS 52| S4 &4H# OfL|et +5
E BH40E opy|zle oY &4z T £ Q7| IHE
TS| 2 Mo &K M2 uss $E st UCh
AT XO[SIOM SEEMO| BEF HIMH(gold standard)2 OF
7 J1gto| 33X+ SEEAO[X|T Ol= HEA LHO|A =H]
Of 6t OFHE 20| 17| TH|E &3O 5t7| W0
SUA, AMZHE, 88X ZHOM Hefo] 2 24go|ct.
M AX| Al $EEE SEHS 172YCRE HIGHY 23 =
=2 YYo= ACLIE LAS 59| 8IX| &4 A32d
ol AHE Ztset &X| 2F AAL A|AB(landing error scoring

system, LESS)2 HA|Zt =2 &X| Al SEQ a0 CHs H
tet = Q& =FO|ChHarriss, Khan, Song, Register-Mihalik &
Wikstrom, 2019; Padua et al, 2009; Padua et al, 2015). LESS
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KJAB Effects of Limited Dorsiflexion Range of Motion on Movement Strategies during Landing 149
Table 1. Demographic characteristics of participants
Total (N=50) GDFROM (n=25) LDFROM (n=25)
Variable p
Mean SD Mean SD Mean SD
Age (years) 219 24 21.7 20 220 2.8 0.865
Height (cm) 173.1 70 1726 74 1736 6.7 0.655
Body weight (kg) 74.6 12.5 71.8 114 774 13.1 0.093
BMI (kg/m?) 24.8 3.2 240 29 25.6 33 0.054
WBDF ROM (°) 413 6.2 46.3 33 36.3 39 <0.001™

***p<0.001.

Abbreviation: GDFROM, greater dorsiflexion range of motion; LDFROM, limited dorsiflexion range of motion; SD, standard
deviation; WBDF ROM, weight-bearing dorsiflexion range of motion
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£ Cf. oy Yty A&l
H(tibial tuberosity) Ot2H0i| T X}-Z AtA|(iPhone 12, Apple Inc,
Cupertino, CA, USE RIXIAZ] = 7heol =ZIM1t FLt =
Stibial shaft)Zt Zt=E Z7dI P ChKang et al, 2015) (Figure
1). 5% O§Z2|H0|M2 2 iPhone LHO| A& "Measure"S At
SIACE iPhones O| &% TAAAA = MAUTE S3lf &
o2 2E7IsHe S0 et EtEE 3 ME[ETE AT

[ o Tl
Ht ! Cl(Balsalobre-Fernandez, Romero-Franco, & Jiménez-

0z
N

o
o

r

i on oo

Vertical line

Tibia line

Inclinometer

WBDF ROM

(@) (b)

Figure 1. Experimental method of measurements of
WBDF ROM. (a) Start position, (b) Measurement
position. Abbreviation: ROM, range of motion; WBDF,
weight bearing dorsiflexion

Reyes, 2019). deod HE/ISHY= & 32 ZHGAU
"o US MESH 2A0| ARBSHRUCH ™A £H
E(intraclass correlation coefficients, ICC) 241 Z 1t
2>0 MAIZO Aer Mz(=of Cigt sfH2 ChZut ZCk:
2 Z35Hpoor), 0.5>ICC; E-&(moderate), 0.5<ICC<0.75; ES
&

(good), 0.75<1CC<0.9; & (excellent), 0.9<ICC (Koo & Li,
2016).
LESS ZHZ 2ot HF MY <Figure 2>2t ZCHPadua et

al, 2015). HFLHARFE 30 cm &=0]Q] Hz=EtAO] MES H
n FHE M S ApXtel M=of wat MEe| 50% e 2
AR & s 0] SEFMTIE

ao—=2

S&2 & Q| 7t 2kiPhone 12
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iPhone SE3, Apple Inc, Cupertino, CA, US)S AFE310] 2
Zat HHO|A 60 frames/sec2 EHHUSIACE HOHO|A ZH
St AL M2E B2YE I £ FtH2t7t SA0f EEE
o 24t M=ot BPH AR MRIL HE = XX E +H
Ch & 32|9| £HO0| O|RO{R 2D 2t A= CHBH LESS
£ LHESHY BFO| "W US 240 AESHRALE LESS
= CtE4t 20| si4 ElCHPadua et al, 2009): =&
(excellent), LESS<4; £&(good), 4<LESS<5); E.&(moderate),
5<LESS<6), &2 (poor), LESS>6. LESS H7tE=To| 1782
20| X|HO| HS ZE @7kinitial contact, 1C)2] A|AMRHO
M B8 JEBE, L4359 Zx, O|OHHOA LiqH| U AHX|
OEd, =8HN L350 2 S =S, ICRE A
S0 2E0| 7t Bo| @3 Zl &ZHmaximum knee flexion,

MKPZER] AISBI0IA S8, BT 9 S50 BuZue)

oA oA O 32 02 Mfu

1 = [=]
ot o|otHO|A REo| HEZHS S EETICL ETH &K
O cit MEHEQl HILE Sl &X| Al 27t U SE0|
HAE AL FIREE 0] LESS M7t =22 EX| ¥
AX| S22 9|0|$tCHPadua et al, 2009).

50% of Height Camera set 1.2 m

from cell phone to floor

3m
|

Jump Lading

Box Area

Camera set 1.2 m
. from cell phone to floor

Figure 2. Experimental setting for the
landing error scoring system

Table 2. Results on reliability of investigators

KJAB

3. H|oJE] Az

n
=

HX| Al SHA| RS LESH| I8 Kinovea 221
0.9.1 (Kinovea open-source project, www.kinovea.org)= At
5to] 22X+ H|CREZA S S+ Kinovea Z2 17
3AH SA=A H|O|Eet HUYE %*%, =
oAl 085 O|&2| ICCE 200 T2 ME=
(Fernandez-Gonzales et al, 2020). 12{L} &M
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Figure 3. Event timing of the 2D video analysis on the
lower extremity kinematics during landing (a) Initial
contact during landing phase, (b) Maximum knee
flexion during landing phase

Variable ICC (23) Interpretation
WBDF ROM 0.959 Excellent
Ankle joint angles computed by 2D video analysis 0.927 Excellent
Knee joint angles computed by 2D video analysis 0.908 Excellent
Hip joint angles computed by 2D video analysis 0.958 Excellent

Abbreviation: ICC, intraclass correlation coefficients; ROM, range of motion; WBDF, weight bearing dorsiflexion
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S crent 2ok 1) Mz, Sot2|w 2| fibular head)?t 7t <08; S(large), ¢>08. 'YSTE BEIISHRI} &X| A 2
T E A (lateral malleolus)E G ASH= &AM, 2) LEH, SHM A MERE A 242 FHE FEGI0| 2E A Y
25| 2|8 02| HFEMM (plantar surface of the 5 metatarsal head) ~ AtS| HEZS Pearson &ZHEM0| EQsto] BMsigion A
o 2HEX|8 HIEM (plantar surface of the calcaneus)S HZ A (A CH2a Ze J|Fo2 SjAMSicE I Se An
St A, 3) S K|, S{HX|M F=7]|(greater trochanter r<02; &2 A8 02<<04; B &8 04<<06, =2 A,
of the femun@t S| Xt 7+Z 2|2 & 7|(lateral epicondyle 06<r<0.8; I|2 =& A7t 08</<10. EE EAX Qo=
of the femung AZst= 2N, 4 =&, s{HX|H 27| 2 0052 &MLt
o7ty = <22|(acromion process of the scapula)S HZAsI=
M, ZF BRZsof ois 2| Zh(positive value)2 2S=8,  RESULTS
82 g A E Z8(flexion22 Holstor 29|
(negative value)2 HIEZ S, £8 X AZLHE Ei(extension) Fot 2t 22 H™Ero| Xtolof CHet ZAub= <Table 3>1t
O=Z oI5t ZCt LESS M4=9| 42 NDFROM X EH2 GDFROM ZETHOf|
Hish FolstAl £X| %2 ZUE EoFACH F7F 2ut3
4. SH &M 717t QIZ|UCt AX| Al SFX| Aol 2% JHEE
= SEAS Helst(p=005), LIHX| ZE HOIOA [t
Aot 7 BRH|WE ol S uE HEIISHR(o BHE Ko7t BEE[RACHp<0.05). IC Al LFZt=, MKF A| =1t
AESID, B fS 7122 GDFROM Rttt LDFROM & FEZE, 450 £ 22Y Hels 2 2AV|E E¥eH,
ttoz RRSIQCE HE 27 =, Ha4E B0t & IC Al AYE 24 =QF MKFA| HERE Ziee= 7t 203
0| BFEREX| Q7| MEO| H 2=l Mann-Whitney 712 B0, IC Al REZEQ REo| £ 2ZA0ME EH2
UZ™EE 8¢l ot nE FYsigien FEH 7t x| 23 7|7F AEEQUCHL dS2 BEIISHRAQF EHX| Al
XIO|E =QIst7| QI8 =R 7|(effect size)E AHESIIULCE SEQ MEZE ARAA ZOb=E <Table 4> ZCL YEZE
ZMAY|= Cohen's o2 MESIIFON siM2 CSat 2Lt ARSI YA & SAUZ M QIS (p20.05),
(Cohen, 1992): &tS(small), 02<d<05; BZHmedium), 05<d  LIHX| ROl 2% Qo3 27t Qe Ho =2 &Lt
Table 3. Results on discrete points of movement patterns during landing
Total (N=50) GDFROM (n=25) LDFROM (n=25)
Variable U p d
Mean SD Mean SD Mean SD
LESS score (score) 5.32 142 4.6 1.1 6.0 14 135.5 <0.001™ 0.566
Ankle angles at IC (°) -12.2 8.0 -18.1 54 -6.2 53 440 <0.001™ 0.859
Knee angles at IC (°) 276 8.0 304 74 24.8 7.7 183.5 0.013" 0413
Hip angles at IC (°) 64.5 14.6 710 10.3 58.0 15.6 147.0 0.001™ 0.530
Ankle angles at MKF (°) 226 6.5 27.2 54 18 3.8 53.0 <0.001™ 0.830
Knee angles at MKF (°) 88.0 10.6 95.6 6.2 804 8.5 31.0 <0.001™ 0.901
Hip angles at MKF (°) 115.0 13.2 120.0 11.0 110.0 13.2 1335 <0.001™ 0.573
Total ankle excursion (°) 34.8 13.0 453 7.7 24.2 7.2 210 <0.001™ 0.933
Total knee excursion (°) 604 11.2 65.2 7.9 55.6 12.0 169.0 0.005™ 0.459
Total hip excursion (°) 504 154 493 124 51.6 18.0 259.0 0.304 0.171

*0<0.05, **p<0.01, ***p<0.001

Abbreviation: GDFROM, greater dorsiflexion range of motion; IC, initial contact; LDFROM, limited dorsiflexion range of motion;
MKF, maximum knee flexion; SD, standard deviation

Note: Positive values mean dorsiflexion, and knee and hip flexion while negative values indicate plantarflexion, and knee and
hip extension

http://e-kjab.org
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LESS score
r(p)
-0.617
(<0.001™)

r(p)
0.821
(<0.001™)
0463
(<0.001™)
-0.174
(0.228)

Total excursion

Joint

Ankle

Knee
Hip

r(p)
0.622
(<0.001™)
0.754
(<0.001™)
0.393
(0.005™)

Joint angles at MKF

Joint

Ankle

Knee
Hip

r(p)
-0.821
(<0.001™)
0.352
0.012)
0.537
(<0.001™)

Joint angles at IC
Knee

Joint
Ankle

ROM

WBDF
Abbreviation: ROM, range of motion; WBDF, weight bearing dorsiflexion

*p<0.05, **p<0.01, ***p<0.001

Correlation

Table 4. Results on Pearson's correlation analysis between WBDF ROM and movement patterns during landing
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