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PURPOSE This study analyzed the effect of dynamic lumbar kyphosis on the
biomechnical factors affecting the lumbar joints during deep squats. METHODS
Thirty adults in their 20s who had experienced weight training for more than one
year participated in this study (age: 23.4+3.5years old, height: 175.3+4.3cm, weight:
75.8+6.5kg, squat single repetition maximum (1RM) weight: 115.3+19.5kg). Under
both restricted dynamic lumbar kyphosis (RDLK) and dynamic lumbar kyphosis (DLK),
subjects completed one repetition of deep squats at a load of 70% of their 1-RM
weight. To verify the consistency of deep squat movements performed under DLK
and RDLK conditions, intra-rater reliability was analyzed using intra-class correlation .
The biomechnical variables of the lumbar joint were calculated during DLK and RDLK
deep squats. Paired sample t-tests (IBM SPSS 27.0, Armonk, New York, USA) were used
for statistical verification. RESULTS During the deep squat movement performed
in DLK and RDLK conditions, the peak angles of the ankle, knee, and hip joints, the
minimum height of the pelvis, and the time and tempo showed statistically high
reliability, confirming the accuracy of the movement. The peak flexion angle and
moment, left flexion moment, left rotation moment, and compression force factors
of the lumbar joint during deep squat were significantly lower in RDLK than in DLK.
CONCLUSIONS Restricting lumbar dynamic kyphosis during deep squats is essential
for decreasing the risk of lumbar joint injury.
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(Ausavanonkulporn et al., 2019; Colloca & Hinrichs, 2005;

ME

9 AFE(deep squat= & oHA BE9 5 WL AHY Z
o]E FWISttH(Escamilla et al., 2001; Lim et al., 2018). L&
19 AFEE 94 FHEZ Ao YFE A ol FAlACF
08 & AFE H|gf 2 o 5HolH, Ao B2 5t
A} o] LHES FYUS B/ E FH(Schoenfeld, 2010). o1¥
3t ol RE g AFE 5 Al oFA] 9| 7He FHeF HF9 <t
Ad GE= 93 HHY B AAYS W57] ¢ BtEA H
st @ AEo|tHClark et al., 2016; Kim et al., 2015; Zawadka
et al., 2020). T d AFE A] FHZ Qhg o] AojEH AR
H B/= & (compensation) &34 TAYAIZ|A =H, o]& <l
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Deyo & Mirza, 2016; Kritz et al., 2009; Yanagisawa et al.,
2021). whebA T £ #EL2 Y H 07 [fA|sto]of 5he, G}
A BEELS 98 24 258 g 7Ms FH, 83 (lumbar
vertebrae) A2 A4 Y Ao |A9 &S FPstoiof obA
sta 43AQ g AFE F52Z P 5 UtkKritz et al., 2009;
Schoenfeld, 2010).

H AFE A 85 o= AS 94 SFEY] sl 9 &
A o7 2 Bt A Norris, 1995; Wilke & Rohlmann,
2012). olo] ZxH AA9 H AFE 52 2% (low back
pain), 57t ¥&3(herniated intervertebral disc) 59 &
F B4d &2 S 984S 7 Itk (Burgess-Limerick,
2003; Cappozzo et al., 1985; Eltoukhy et al., 2016; Mawston
& Boocock, 2015; Yanagisawa et al., 2021). oo @& A&
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9] =qk(kyphosis) ¥ AZ Aojsto] T8 AH< A(lordosis)
S FAE 5 U= AAE FASY JAtHCappozzo et al., 1985;
Mawston & Boocock, 2015). 8= &3l g AHE A] 5}
7 79 Ao Zol& g X RolA 5129 wolA= @41l 54
83 T2 W2 25 REA A A RIsHA HEEHHMcKean
et al., 2010; Oshikawa et al., 2018; Yanagisawa et al., 2021).
54 2% Z%H(dynamic lumbar kyphosis) @ AFHE 5%
Al oAl #AEY 2 52E FYPEE oFF F7Hdescending
phase)ollA ¥ Al 85 #HE9] £49% F(involuntary
flexion) &2 US Yuigitt. G AHE 25 £ E A Eot= &
FAFNAE olE w-hip)7t YA (wink)ot= B/doleta dZof
A FA(butt wink) 2k FASHIL Ut} o] T2 54 95 TN A4
2 8F HHY FY HE FAGHA et Aol A" ZolY
S7F2 Q] EAY sk A o2 g A th(McKean et al., 2010).

d AHE 52 A B4 85 Fatol| g APATE F McKean
et al.(2010)2 & FHFEY FAE A+EAR AFY 50%= A
Aoto] g AFES +PFE o A= 54 85 T2 AAA
g A0 R WIS, YolE Egold A A g &
HE A et 54 85 S99 Aloj= EZ 8ottt A
orstQitt. 3FAI9E Cappozzo et al.(1985)= H AFE FZo|A &
B9 X0 Tt 85 IR HAEE Y A5HE SV
71= g9log R yskitt 18]1 Hartmann et al.(2013)2 A3
E A 54 85 3Rk 895 W f dE5=H9 A=Y S7E Y
A7 ol 240 g2E AEALS dSAl7lE 8RloF wdst
At} o]et Zo] g AFE A B4 93 Tko| gt APALELT
Aol 18/l it A= =o| 4517 Hi7o] 85 B4
= Hoh FFH o= o4 s o] &3t 7 A9 FQ
/go] Slvtar wete T

8% BEL AZ(sacrum)S 3 SHH(pelvis) A2H Fxolth
(Neumann, 2017). ol=|gt 24 £/ wjZo] 85 Ho =241
LAY FHto] A-5H} 7|27 (anterior-posterior tilt) 221 Yol
GFE wr=rk(Maduri et al., 2008; Neumann, 2017: Tafazzol
et al, 2014). B&°] & AFHE 22 YEHQ F3l A& 50|
t}(Caterisano et al., 2002; Escamilla et al., 2001; Schoenfeld,
2010; Zatsiorsky, 2002). et &53t7], 25 9st2] Ao1o] &
HollA g AHE Al 934 gle oA 22849 52 54 &
& g JgH o s Agst=t] Ao FEstth(Comfort &
Kasim, 2007; Tafazzol et al., 2014; Zawadka et al., 2020). 7L
g1 g AFE 52 A 54 85 0o o] 5 43 59 4
85 B4 Ao R0 vA= FFY JABHAE AHst]ol=
wd A A7t & Aol

JEE 2 A 582 | AFE A] ok TE 7FeH ALt &
HE Zlo] 9 13T A5 #71Y HE 3159 A=dS HSot
A3 d AFE 27049 54 85 Snto] 85 WEo 25
oA W50 nAe TS BAot=t AUth o] B3l | AHE
Al 54 85 Futo] 853 WA e /1 820E0 vA= FF=
geltog2H f AFEE FYSte 5 TEIH o EoA
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2 A= of AAIRE 240 sigst=s 49l @A T 3070 AF
Zrof st th(Table 1).

T 149z obA] 2 85 A9 LEAA W AA B30l
1, % ttel(dominant leg)7t R 2% tiejo|m F 1739 ¢
E Efo]dE 14¥ ol AET sHAEA | AHE 7]E 13
Z| o ¥HE(1-Repetition Maximum: 1-RM) 5% 100kg oJA<
> A 54 95 uto] Ik 200 IR A5
o 2 dE +gAel Ao 2y 9 A gty oA
3 AY AP Qo A= 7138 E-a sy 59 B
2 Flof A7l A=olA & A9 H41 A dAs 4y
5, A o5 Ael Aget = IPsFATHIRB No. 7001355~
202204-HR-543).

A v 9 A%
£ ATE g AFE BN TS B4 9% S e 4
E

golog A7oldolA £ A7o ARAL BH3 gL A

F A9 ATFAA} | AFE $4 A BH 8% FHg 2y

=

02 AoJ3kL o] 2 glg 3 Hlolelo] 2571 Y R0 Byt
St mebd] Aol £ A7 AR BH L gL A
PobA] g Rt Y A% FOATES Agst] 4 A
Stic. @ AFE A A7FoIAE 4E 2y LEPES A}

FA Aol g AFE 13] A 5F AAH1-Repetition Maximum
Test: 1-RM Tes)S 43}tk 1-RM AAR:= o] #2283
(National Strength and Conditioning Association: NSCA)°lA]
AASE o2 AP I(Haff & Triplett, 2016), +=HH A+
o AFE 1-RM SAA R & 4¥9Y 9 AFHE S&04]
)4 3 FoHexternal weight load)?! P} FF Awo] £A
Ao AHESFAITh AR AA ASS v F, oF 1027
AEH A} SH25-Z AAISHA AL AlA o] W&HE = spandex &7
9] 9JF =2 ZolJAtt. Vicon AteA] Alg-dk= Plug-in-Gait L&
£ 7|Hto g2 & 51709 15mm +8 HHAF ul#(reflective marker)
£ oA AA 8 £47 Bdof Faoloith | AFEE 5
ZF 494 Skl B2E whAL ubAZE AA] R osf 7EA R
& 0|5 tiy|ote] &9 FZ5(iliac crest) 4T F9lof 25
I 98 SFES] vhi(barbell)9] ¥Z Eofl §HAF ubAE 71 £-2F
sholct. AE3FeIRLe] AlAlof BhAF wiAE F25E F, Vicon Akl
A AE5H= Active WandS AFE-5to] 7] H g0 H(calibration)
S Yot o, ol 5o AY ARAE AGotct 4G H1A
(global reference frame)= A& WS Y=, -9 FFE XF,

Table 1. Characteristics of participants

_ . . SQ 1I-RM
n=30 Age(yrs) Height(cm) Weight(kg) weight(ke)
MeantSD  23.443.5 1753443 75.8+6.5 115.3+19.5
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A WFE 2752 & st tHFigure 1). A3l A=9] s
Z Z}AM|(anatomical position)Ql statics trial¥} @ AFHE F2HQI
dynamic trial &2 H A 7HH|2tE o]&-5to] &Yt

9 AFE A AFFREY] F8 #E 9 BYof F2bg vhAp vt
A9} 912 o8 =1} 32 55 A4S o A oA 7|
ZH(MX-T10S, Vicon, USA, 250Hz) 8tH2} Nexus ver. 2.14(Vicon,
USA) 2ZEJo]& AHEstith § AFHE A] A3z 209
A e 7](OR6-7-1000, AMTI, USA, 2000Hz) 9Joll ¥arsS 22+
AAZI I FE] el ZHE 1u]9] oF 100-120%, FL] H3F
<2 9F 15-30° 9]3]H(external rotation)AlH w5-otA YA|51A oF
At 99 FFER vhE2 Ao #ke] 7H B3 &5 7](spinous
process of 7th cervical spine)2t A%< (spine of scapula)?] &
of AAAIH . 9 AFE A 94 F7F Fote= &+ v 53
BAER] 13] ¥HE Hdf FH(1-RM)Q] 70%= A5t
T = SHE | AFEE FY5H7] Yl Fdol Aol
oA A &1 A LT EEHo] gl AHiollA HHER
(thigh) *Ho] Folejet A& FEole s 75 TS 23 AFHL
H(Escamilla, 2001). AFAo] £5 #49] Hdf 25 2=l 120°8
AFLFAR A /A 7| AT ], 2 AYolA F5 Td 23
ZHE7F 1200 o]fe] B s | AFES

9 AFE A 534 25 9gto] 617 9 93 #H 9| 584,

E

F3Ha Welof v AL YL A3 919 F 27

4z

2 N lo A
& r2 o

i

F Srto] ¥HAISk= DLK(Dynamic Lumbar Kyphosis)&Z¥

A 9F S 94Fo 2 Agtoh= RDLK(Restricted Dynamic
Lumbar Kyphosis)®2Z Q& &5t} Aqt3toizrt § AHE
Al 58 85 T2 o4H 0 g AlofT 7S AlEste] & A+
9] A& Aol A dA L& Aol DIK 2& HA
FoATh o] AZFoIR oA 5LE 2™ ZololA 54 &
Agtst=E ALt H, RDLK 279 g AFEE 9
Fode 24 2719 d AFE &L 33] §HESIC
m2% 1¥ste] DLK 243 RDLK 24 Aol 10& ol4

o
ol
b3

o

o
=)

R
s}
rg Mo
-

o 1o o & o 4y 4
rd

F4 AZFe AT § AHE A DLK 247 RDLIK 27
AIA o] B2h5] WA iAo 334 914 HlolE, Awvle AEE
Ssh,

4 DLK #7137} RDLK 240 ot 514 4 95 #4d 9]
L5354, 5954 Hlo]El& Giganet(Vicon Motion Systems
Ltd., Oxford, UK)S 53l 57|SKsynchronization)?t H, Nexus
ver. 2.14(Vicon Inc., USA) AT EQJo]E o]&5}o] A7 $F
9 C3D oS AT ZF AFoI &1 static trial, dynamic
trial®] C3D TA-L Visual 3D £ZE o](C-Motion, USA)° ¥
gotg o, AaeF I A WA F-(noise)S AASH] 9
off e P(filtering)stAAth. 33+ YA HlolH&= HEAA 23 A
9 53 "E(butterworth second-order low pass filter)& A&
Sto] 6HzE HE Pk, XA dHole = HE A 23 A
53 " (butterworth second-order low pass filter)& A8+
50Hz2 HEPs}qlt
2 A= E AFHE A 49, 59 35 #E9] 254, &

=
Ry - o
A Wl F45t7] /Al Vicon A4 AlFdote 859 &%

)
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95t4 2d(biomechanical model)?l S-Model(University of
Miami S Model, Vicon, USA)& °©]-&5t3ith & AtoA] A&t
S-Model2 Vicon AF9] Plug-in-Gait @S 7|90 2 A& 5 2
F Xd(spine model)ol™, w57} ZxRto] F2HH ¥RAL upA Q] 9
2 HRE 7I1ECR 7 HF £4Y 9AE Fhot, 249 A
9 HYXE o]gote] WFE 5, 259y Aw AESHA
t}. S-Model9] EF X+ Eltoukhy et al.(2016)9] oA 8%
A 94X e =5 HAE AST APATe} vluE Sof HSOl
o]Foj At} E A= Nexus ver. 1.8.5(Vicon Inc., USA) AZE
o1& o]gsto] AFHAAE static trial¥ dynamic trial T+
o S-Model& #-&st3lomn, 49, 5¥ 85 249 X E st
7] 918 2+ 85 £49 7709 7MY v (imaginary marken)E A
ottt S-Model& B8t 49, 5¥ 85 49 7HdmtAE B4
5171 91814 Vicon AFS] Bodybuilder ver. 3.6.4(Vicon Motion
Systems Ltd., Oxford, UK) &AXE ¢Jo]E o] &35}lo] & 9Js}9ict.

8 242 I8 £49 ndo RFH F¢ SAFES
(left'right posterior superior iliac spine: L‘R PSIS)S 7]&2
2 Qo= BEAE 7| Yokl £49] Wkt 9XE F skt
olF HF B4 49 £49 F4 Y9AE A=EsH7] f9 Vicon
Bodybuilder £2ZE gJojoll A A|F5H= SPINE 752 o]-&5te] A
F B4 7|20® 5¥ 8F5EH 1089 35714 ZF £49 $4
YA & AFEdHthH(Stambolian et al., 2014). o] 5 £ A1EF
of et 49 850} 5§91 85 HA 9 F4 YA E ol&st e,
F BEZ 5] A% 85 A 749 7HvAE Aok
t}. o]& S-modelS #-&3}0] 41, 58 Q3 EHO| 7 JulA 9
FH7F 2gE AFLFIAE static, dynamic trial®] C3D T
Visual 3D &£ZEQojo] 4=sto] 4¥ 7} 5H 239 X A
Aot tHFigure 2).

Mo

2 ¥R fo

i rlo

9 AFE A 54 95 U] 517 W 95 HAHO| 5T
595y ¥l v JFH A B4 {5 3719 o[HIE
(Event 1: @ AHE 4] A4, Event 2: 5 & | 22 A

Fig. 1. Definition of global reference frame in visual 3D software
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Table 2. Intra—rater reliability of deep squat between DLK and RDLK conditions

Deep squat(Mean+SD)

Variable(unit) ICC(2,1) 95%CI p
DLK RDLK

Ankle Peak DF Angle(°) 29.10+4.73 28.64+4.61 916 .824-.960 .001
Knee Peak Flexion Angle(°) -129.86+7.56 -125.25+6.19 793 .074-.930 .001
Hip Peak Flexion Angle(°) 110.95+7.99 109.62+7.32 954 .891-.979 .001
Pelvis Minimum Height (cm) 32+04 35404 755 -.008-.916 .001
DPT(s) 1.66+.48 1.75+.46 921 .829-.963 .001

Time UPT(s) 1.37+.18 1.41+£.18 .821 .625-915 .001
Tempo 0.87+.20 0.85+.21 913 .819-.959 .001

Note. DLK= dynamic lumbar kyphosis, RDLK= restricted dynamic lumbar kyphosis, DT= downward phase time, UP= upward phase

time, Tempo = UPT/DPT

Application of S-Model using
Nexus ver. 1.8.5 software

Creation of image makers for  Setting the local reference frame
lumbar segment of lumbar segment in Visual 3D

Fig. 2. Process for applying S—Model

A, Event 3: 5 ¥4 o A4 At 2789 £4 F#7HPhase
1: 34 #+7Hdescending phase), Phase 2: 4<% T-7Hascending
phase)E JYst3tt. @ AFE A] DLK 243 RDLK Z7AofA
g 95 B 7ot HHE 52 -5 tigh ZF3HH A
AR), AEZ0] tigk 2% F ¥ (right bending, +), 9% ¥ (left
bending, -), &3%0] tigt WFAIA 23k 3] (Count clock wise
rotation, +), 2% 3] (Clock wise rotation, -)9] #& At&st
At TEo], 9 AFE 52 Al AH)/F(-) A, H(-)/H(+H) A
o, AH)/oH-) AHY 3hE F 2400 whet AEsk

3 FRlst7] flsf obA] #EY A&, o AHH =], 45
3t b} 719 A1 E |l 9R1EE JW AT A (ntraclass
correlation: ICC)E o]&3to] &4A Y AZ| E(intra-rater
reliability)& &RIstitt. 8 AHE A] DLK 273 RDLK 27
of M2 95 #Eo 255 9 25T HMASS AS5H] 9
3] EAE 42 IBM SPSS 27.0(Armonk, New York, USA) £ZE
Aol E AHEste] o-GEE ¢+ AP (paired samples t-test) S AH&
stdon, 7149 ek 28 058 AA5He] B4 S48 4
oot
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17-= DLK 273 RDLK 279] J AFE 52 A| HE, &
3 T A 2 24, Fuke] A Fo|of #HE A8 A
AbEsto] 242 U] AlF % (intra-rater reliability)S 245}
o, o]& Bofl & 219 d AFE £ A 529 dHES
59 tHTable 2). § AFE Al T 27 Zbof E& BA 9] 2o vj=
2T 4L 1CC=.916, & #H9] Hof &3 Z4=E 1CC=.793,
99 #A9 FHY FF ZxE 1CC=.954, T4 H4 Eole=
ICC=.755 &9 AZ g B2 (p<.001), § AHE 5&9 &
K AIZF WQlQl 847 17t9] 4 Q AZRS ICC=.921, A5 7] &
8 A7 ICC=.821, A7t §1E & ICC=.913 59| A1 F %7} et
S THp<.001).

85 W4 HY == d AFE A DLK 2437 RDLK &4
2 85 Ao HFHE-F, %, £ TP Hd =g AE
Slo] vlwsllch. 1 A= (Table 3)0 A8 @ AHE A
853 - HYf 23 ¢ AA ZE+= DLK A4 -10.651°,
RDLK ZA0lA -9.391°7} Uettor SAH 02 |ou|gt Zjo]
= HATHr=-4.140, p<.001). ¥HH, @3 WE & Ao FF 2+
L DLK 27914 -1.668°, RDLK A4 -1.455°7F Yehst 1
(t=-1.862, p».05), &% Hdf 3|d Zr== DLK 274 -0.422°,
RDLK 274 -0.368°% HElH BAHCZ Fou|st Zpol& Y

Hu

s

v
[E A

[o o o2 rfz
i

¢
ot

B

Table 3. Comparison of lumbar joint peak angle between DLK and RDLK
conditions during deep squat

lumbar joint peak angle
Variable v P &

. (Mean£SD) »
(unit: deg.) DLK RDLK
Flexion(-) "
/Extension(+) -10.65+4.13  -9.39+4.29 .000
Left(-)/R%ght(+) 674151 464160 3
Bending
LeftC/Right-) 451035 0374035 061
Rotation

Note. DLK= dynamic lumbar kyphosis, RDLK= restricted
dynamic lumbar kyphosis. Statistically significant differences are

Hk

indicated by p<.05, “p<.01, “"p<.001
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ERR] 2hTHE=-1.950, p).05). 8.5 THo] Hgd =
£ DIK 273 RDLK 27 7+ 83 & o] Wepd(d-&,
%) Hd RRIEE A&sto] Bluwsteith. A& dolE T
A28 A Z(Body Weight: BW)2 & HEZ3}5}0] (Table 4)°] A
Aletch 85 B9 Ao 25 9 Ad 3482 DLK 2A00A
-0.331N'-m/BW, RDLK ZZ°f4 -0.311N-m/BW7} Uetgtom,
SAAH O Z 3-9u]gt 2Fo]E B A tH¢=-4.065, p{.001).

85 Bdo o Z3 ¢ A4 3982 DLK 2404 -0.331
N'm/BW, RDLK 2714 -0.311N'-m/BW=Z UEl} SAHo=z
Uit Aol & HATH=-4.065, p{.001). &5 #A9| -9
33l gL DLK 2704 0.004N-m/BW, RDLK %7104 0.001
N'-m/BWE EHI(t=2.865, p<{.01), &3 &9] ¢ JHg2
DLK 271914 0.007N-m/BW, RDLK 271914 0.003N-m/BW7}
et BAH o2 f-oulgt 2to] & B HTHr=2.966, p{.01).

a3 #49 gkl FHd ddg(shear force) ¥ 49
(compression force)2 @ AFE A] DLK 243 RDLK &4
ZF 8% #E A5 A 9 ] Hd Adyt 2 g
o] Ao F5ES AFEoto] H]wokltk(Table 5). 85 #49| 3}
L W AdE (ML shear force)> DLK ZZA0f A —0.068N/BW,
RDLK 704 -0.068N/BW7t WEFEL(r=-.043, p).05), A
& vk A (AP shear force)S DLK ZA0)A 1.451N/BW,
RDLK 74 1.462N/BW7} Yety 5AZ o2 {ou|gt 2}

i

rlr Y =
re :l-o
£ 4 Im

Table 4. Comparison of lumbar joint peak moment between DLK and RDLK
conditions during deep squat

. Lumbear joint peak
.Varlable moment(Mean-SD) )
(unit: N-m/BW) DLK RDLK
Flexion(-) / -
Extension(+) -0.331+£0.055 -0.311%0.050 .000
LeflC)RIght () 10410019 0.00120.019 008"
Bending
Left(H)/Right-) 00720028 0.00320026 006"
Rotation

Note. DLK= dynamic lumbar kyphosis, RDLK= restricted
dynamic lumbar kyphosis. Statistically significant differences are

Hk

indicated by ‘p<.05, "p<.01, ""p<.001

Table 5. Comparison of lumbar joint peak force between DLK and RDLK
conditions during deep squat

. Lumbar joint peak
(ur}i/?:r;\aII/D]IBeW) force(Mean+SD) »
DLK RDLK
ML Shear Force ~ -0.068+.062  -0.068+0.064 .966
AP Shear Force 1.451+0.183  1.462+0.172 409

wk

Compression Force -1.424+0.258  -1.291+0.268 .001

Note. DLK= dynamic lumbar kyphosis, RDLK= restricted
dynamic lumbar kyphosis, ML= medial-lateral, AP= anterior-
posterior. Statistically significant differences are indicated by
p<.05, "p<.01, "p<.001
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o1& HolA| %tHe=-.837, p>.05). W, $3 T I
DLK 2104 -1.424N/BW, RDLK 274 -1.291N/BW7} 1t
Ertom SA AR fou|et 2ol & K 3lrh(e=-3.738, p{.001).

=9
2 d+= FIolE Edold £HA, 49 34 308 A=
g AFE A 54 95 Futo] WS DLK(dynamic lumbar

kyphosis) 243 54 9% T7S A|3t5l= RDLK(restricted
dynamic lumbar kyphosis) 2740 & JLE3sl0] 33} &S 24
Sklrh. 95 WE2 F 5719 85 W& AgEM, 47} 5H 95
7} Q5 WA 2 &4 Vw7t YA8chs AR dEA
A tHPrentice, 2011; Wang et al., 2013). oJo] wja} £ Ao 4
= 9 &FE Al & 2A(DILK vs. RDLK) 7H9] 85 39 2573t
A, 5983 ?l = BA5t] 54 85 FHto] 35 B w

At YL YFH o A g

g AFE A DL KQI- RDLK ZZA0A A& A#xE v w3}t
7] Sl 2t 27014 =3E 9 AHE 589 FAMIE g2l
T ZavF otk © AFEE F& oA #EY 2 9 AH 2
= B9 +F=H °1EH e 7 dolAe 7oz FEH
o B3 g AFEE R Eu A 24 4%, 259 A =
o] S5 o5 ‘E%L~ 9 29

274;11 RDLK 24 7L}°ﬂ %
*a Aokt O A, i Ee
TH 1CC=.793, 99 TH 1CC=.954 &2 412
= iﬁn}(m 001). Z4F 74 549 A ol 1CC=.755 +F
9 AHEE Ko, F7hE Az §iQIQl gk 7] A8 ATk
ICC=.921, YolA& 749 &8 A|7h2 ICC=.821, A7t |l W
Q12 ICC=.913 459 A1 =7} e th(pd.001). o1X" d AF
E 529 434 Bl gt LE WA 0.75 o]4e] AFrE
QI SAHCE FOoHA UBHLER F 2719 9 AHE &
Zo] 22 AA =& Bl Ao & w5t tH(Cicchetti & Sparrow,
1981). 712 g AFEE £5 #E9 A 23 247t 120° o]
Ao 2 Aol tH(Comfort & Kasim, 2007). & T4 @ AFE
Al B2 B4 Hf 22 %= DLK 27494 -129.86°, RDLK
2 A -125.25°7F YERST, wheba] = 204 AARE 53
FHdf Zolo AFY ARl FYUS H AFES £ A0 E W

4= it

E AT | AFE A 54 85 Fuko] 93 #Ho] &4 a9l
o X FFE FUsH] Yo DLK 273 RDLK 2749 8%
A B Ao 2t & wlwstelch 1 dak g AHE A 85
#E9 Y 23 4= DLK 27914 -10.65°, RDLK Z70]A
-9.39°% yehgon], DLK £31°0] RDLK &t §AH02 =
2 83 #H9 Hy 2% 4 E B o= ¥ AFE A] DIK
Zﬂoﬂﬂi FhFoz & 54 25 Fubo] Yehd 202 sjMHrt.
2 A7l DIK 249 g AFEE A7HAM 4 85 F9F
< 9o g A od 7ML wiAISH] Yol Abo] 2 A9 &
A g Y&S AGorA] o, AR & A £ o] 54
FRtof] et AL JAXSHA] 3t AEjolA § AHE S22 &

w
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Y5kt §HH RDLK 242 Q747 Fofztol Al g AFHE A &
A Q5 IS ATWSHEE oA FA el S ALt 7, 54
F,_

27 70 8% BE A 27 7

)

2 = S Agtstr] f1gt Aojd &

A H =it o] F QIA|FE AFZFoIRY 42014 A2 QIgt AR
T

25 #HH2 ARAFoZ THH(facet joint)F FI+
(intervertebral joint) 2 FAE Y, FH 2859 9%
3 AFxA9 £ A (passive tension)Z &9l 85
9] ZF(flexion), A (extension), 9= # ¢ (lateral bending),
3 A(rotation) +&& FFFoE £PstH(Bogduk, 2005;
Neumann, 2017). ©] & $7t $EL 5w AloJo] JX|s}L,
5] ‘Ha3’' g E8= JFLWH(intervertebral disc)& SJvlstH, A
% 4 94 Folg B4 g F4oks 9&E gh(Desmoulin et al.,
2020). 3L FHEAQ ot} TAE O R QIS V[AH AE
AL drop Bgsiy, T A7 HSgvto] 3o s WA U =&
Eof Z44174E dEslA Drh(Deyo & Mirza, 2016; Schilling et
al., 2021). °|& QI8 WAYTl= Agho] 31 dEFolH, HEH
%l 85 B4 &4 F stfolth

271 ©&Z(umbar herniated intervertebral disc)& thFst
ARlof ofsf AYsEA| T, 5] 5 WA | HEotal FHEHQl =3
50 Q9 Ao HiFHDesmoulin et al., 2020; Dolan &
Adams, 1998, 2001). 85 TE9 FF 52 ASUvre] A= <+
Y& Z7H71L, ol £E9T HAREHE B 2 FHOR olF
AlA S EESY 9848E = (ensen, 1980). & Aol A
9 A7]E 4] DIK 24°] RDIK 245t Jjdoz 2 a% ¥
o) 2| &= 4=E YEglen, o]= DLK £11°] RDLK 21|
Hlof g oz 85 3 Ao el ol &5 gtk
bigEedi=g

£ A5 DIK 277 RDLK 2719 § AFE A] 85 $#40]
A @AskE 71414 F-Hmechanical load) 8952 215k
H AHE A 35 TEolA HAY = 7 A1H Fols 85 TEo
et W ZHE(moment)® AT (shear force), A5E
(compression force)& Bl &lstgon, &+ 27 7t vlw &
AstAct 1 A3, g AFE A] DLK 2494 -0.331N'm/BW,
RDLK 2704 -0.311N-m/BW2] &% ZHE(flexion moment)
o] IA¥5FG 3 DLK ®710] BAH SR FYulotA 2 =3 U
E 27} ety 29 53 ZHlE(bending moment) ¥t &-5-
3]d EWE(rotation moment)o|A = SAHCZE Folu|gt x}o]
£ GRISHAAT £ AFolA = g AHE 589 F 25H
AlAdHol 7o) o]et THAH =2 EHE oA Tt gHgste] o4
sholth 9 AHE= AT oA SEEY oS B8 2E A%
AHfolA okA] HE o] 3t A1 52 Boll ok, ol &
ZF -] Fgole otFo] 23 RHEE fdots Ao HIE
A tH(Burgess-Limerick, 2003). 0] 8% #49] 2% 7t &
7hol M =3 HHES F7hs 8F WEY 128 BN =0
o G Fol &4 AL ol A= &4 rkAdams &
Dolan, 1991; Mawston & Boocock, 2015). 85 #&9] 7| A4
Foto] gt Agd FAE A AYATE AHEH, 95 HE
oA WAsk= 2F 60-120N'm ¥ 99 &% HHE= 85 W4 =+
A QY AT} H2Auke] &Afo] FIFS F= AR BT

o
[

r]Olv

£ o
e
_‘
r
;

>
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(Adams et al., 1996). £ Ao AFofA AESH 22 ZHIEE=
AZo 2 Yol EZE3Hnormalization)dt =28 (N-m/BW), ¥
Z3EA] G A2 AQ4eE d AFE A DLK 2HA 2%
HHEL -246.74N'm, RDLK 27L& -231.92N'm& ol= A3
TFolA BaE AR Ech Zd 260 @5h= $x]o]t) o]AY |
AFE A ¥ IE g2 59 3 ZHEZ B8 DLK £70]
RDLK 27Kt 85 3 &4 84S 371 & = A=
TetE

Ui At g AFHE A 85 $E] 24 ZHE
G} 59 A7)0 vl oh, 25 WEoA 2835
9] 379} Wrgko| whet &4 R AL 9T t}, ol
EAT7E 9 AFE A DLK 243 RDLK 27409 et 9.5 4
of Zrgot= WFE Ayt 45gS vlwstet. 1 Z3 A+
AL DLK 2714 1.451N/BW, RDLK Z#o|A 1.462N/
BW7} Aot il &9 A2 DLK 27104 -0.068 N/BW,
RDLK 7104 -0.068N/BWo] YErFOo U SA 0 R Fou|gt
Zpol= YEA] okortt. Wi, FE22 DLK R70lA —1.424N/
BW, RDLK 7oA -1.291N/BWZ DLK Z7°] RDLK 4
Hot o 2 A& BYon, SAFHCE {onlgt 2po]7} et
wrh 8% Bdof 2hgete AEHY2 fHHA 95 &A1 70
o EE39 34 2E B4 gt siA Y 85 34
9 =

3]

g e
30 i f—')i
ol

!

|

!

< e

glo
5 FEHY g2 Fn EESY A8 F
7FA71= Ao g HuEA Qltk(Dolan & Adams, 2001;
Yanagisawa et al., 2021). & Ao|4] DLK 249 € AFEE
RDLK 27Xt 85 #E9] Mo =3 Z1&7} o A dAYsl 1,
Aol A LR £2 A5YZ HAth o] &l § AFE A
T4 85 U 85 WHY V|AH HolE VA 85 TE
o7 F£% £ qrh TRo] g AFEE Iyt

=
Moz vhd, 9 59 918 FF $I1S gL 25 B o}
o

4
O
52 B

o K
o ©

in

-

o

5 2 93 #H9
&4 984 SV 4 IS ZoE wndr §35] g AFE
252 VI 28 £ 85 I F9 Ad(ligament)
22 g A48 Aol gt WA (tolerance)oll AFolE 7HA1 2L 9L
7] &l 85 &4 dSshe b IARE 7HAI o 9 A
HE % Al 58 23 Fto] TAYsH= AAE Alofste 2ol 85
HEY &4 S BE 4 US Ao AydEnt

my
rhu
€
=
K

2 AFo 242 DIK 273 RDLK 27A0H g AHE 5249 &
U AF 5 B2 25 Futo] 95 BHo| 25 AeE QRIEd |
A& FFe BE4sk= A9k DLK 273 RDLK A4 53
H g 2FEE= oA TE9 A 23 4x, U w0l L A7t &
JAENA BAHORE w2 EAA W AR=E Yo 5Yg &
AL gRlsttt. I 75t 9 AHE A 85 E9]
o 5 4= 8912 DLK 279f B]g] RDLK 244 BAKo=
2o £AE et 18y 85 WA B2 A5 a9l
59 Y 2T, = 2, FH= 2HE 783 oA E DIK
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B AJE A| SX Q= S010| Q= 20| LESHN
QP10 0|X|= Fek

I

[54] £ A9 542 g AFE A 54 85 k50| 85 A9 £595hy gRlof A= FFE A ot=T
At

[FHE] 2 A= 19 ol FIelE EdfeldS AT &34 200 Ad<U(age: 23.4+3.5 years old, height: 175.3
+4.3cm, weight: 75.8+6.5kg, SQ 1RM weight: 115.34£19.5kg) 3090] mdArZ o594t IPAEL
52 95 Futo] ZAYsk= DLK(Dynamic Lumbar Kyphosis) 243 524 35 S0hS 94202 A|glol=
RDLK(Restricted Dynamic Lumbar Kyphosis) 7104 13] §H2 Z|tf F3H1-RM)S] 70%2] H-ol2 g AHEE
S5t & 2749 g AFE 5&9] ABRALS AES Y5 Sl ABAS(Intraclass correlation: 1CC) HH<
o]-&sto] &2} Y| A= Z(intra-rater reliability)& #4sttt. 183l § AFE A] DLK 273 RDLK 2704
953 #E9] 2FATH 25 SAoY Tt LE AREE IBM SPSS 27.0(Armonk, New York, USA) £ZE]0]
2 S 32 % (paired samples t-test) & HAISFH O M, 7Hd 9] 8 =22 052 4753t

[Z27H DLKS} RDLK X7t =35 | AFE 52 Al Wi, B8, 97 T4 o 23 4, 4] XA o<}
THE 48 ARE 8RS BAHCE =2 AR EE YEo] 549 5U/4S ERlskith | AFE Al 85 T4
o ) & 2=+ DIK _7157‘101] ]OH RDLK 7oA SAR R A2 A5 Ueh et 85 B4 o 23,
& 23, IS HUES 45Y S°IA% DLK 271% 1t} RDLK 2719] § AFE 52 A] BAH O & 2h2 =4
£ UEh

[ZE] £ A9 d0+= 9 AFE A 54 35 37 Aoj7F 85 A9 o AFEE HaAZ 5=
AAES A6

rr
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80|
54 05 ¥, 9 A9E, 8% ¥4, 13 92 A 5%, 25994 a9
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