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Abstract

Radiological Flatness of Lumbar Lordotic Angle in
Korean Farmers

Song han soo

Advisor @ Prof. Lee chul gab Ph. D.
Department of medicine,

Graduated School of chosun university

Objective The objective of this cross sectional study was to determine
related factors with flattening of lumbar lordosis in Korean Farmer

Methods Between june 2006 and july 2008, 425 farmers, men 158(37.2%),
women 267(62.8%) in Jeolanamdo, South korea participated in this study.
we collected data about working posture, social factors, health
behavioral factors from interview survey by structural questionnaire.
Lumbar X-ray was used to measure lordosis angle, scoliosis angle,
compressive fracture and lumbar disc narrowing. 'flat back' defined
that lumbar lordosis was measured below 20 degrees

Results Flat back is higher prevalence in women than men(OR 4.16).
flat back dependent on ‘'intervertebral disc narrowing in lower |umbar
spine'(33-66% OR 3.87, >66% 6.77) and 'low |ifting/pushing/pulling work
and high awkward lumbar posture' (nearly not, >50% OR 3.26). The
results suggest a dose-response effect

Conclusions  lumbar degenerative change in lower lumbar spine, sex
"low lifting, fulling, pushing work and high squatting posture work'
associated with flat back. Age is not significantly associated with
flat back

Keywords Low back pain, Lumbar lordosis, Farmer, Korea, Static lumbar
flexion
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Figure 1. Examples of lumbar degenerative kyphosis (flat back syndrome)
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Figure 2. Formation of cervical lordosis and lumbar
lordosis
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Figure 3. Multifidus muscle and vectors of multifidus
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Figure 6. Structure of intervertebral disc
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B INSTANTANEOUS AXIS OF ROTATION

Figure 7. Tensile stress and compressive
stress in lumbar flexion

7. eltiel 4

Zo| offREEe
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0l

ligament), JFAIZ QI (supraspinous |igament), JHAIAFOIQICH (interspinous

ligament), SAMOICH(|igamentum flavum)Jb QUCH figure 8). d=x= L =t}
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QEAOIN Ues oUHFREZ22 AXHdGM I U (sacroiliac ligament), &
olelClth(iliolumbar |igament), YXIJFAIQITH (sacrospinal |igament), Xl

ZBEOIH( sacrotuberous |igament)Jt QULCH.

Ligamentum Flavum
Intertransverse

Facet . é} Ligament

Posterior
Longitudinal
Ligament

Anterior
Longitudinal
Ligament

Ligament

Figure 8. Ligamentous structure
lumbar spine
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SHSAIIIDIE otd, AHMAIIIIIE SHCH( | igamentomuscular reflex). 2Hef
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SEfE UEHLE e 22-2S80E 2210
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= AR ol 2ol Z019F sHUE =J|0= =0 22totH SIto
Z =D8tCH( length-tension behavior). eiLt @i =0l
25F JtohKH HHEE HEIHo=Zz 2AotH & CHtension-relaxation
phenomenon). 0l218t SA&C=Z Qlai I s AEHE elZ(creep)ct

1 SHCH delZ dEfel =2 FAS FE22ZM 220 0IF0ACH =
=

-

[wtd
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"Curve of the —>

Lumbar Spine"” L1 Center of
) , Rotation
L2
__ Follower
Load
L3
N
é L4
L5

Figure 9. Follower load,
Patwardhan et al 2

0|48t 8o MeetaAl2 ZEl XtAl(neutral lordotic posture)OllA &8+ OFL

=1 =g
ot AYZO J|2 KtAMI(forward flexed posture) MAE O B & SXIEC.
Ol ¢BCZ 228 I HF2E2 ™S4 (rotation center)0| =2+
XHo| oF p0WNK YEOZ 0|E5tI| HR0ICHY.

follower loadNE &0l Jl0dte HEFBIF SL40l &#olg A
Ct. RF MO0l HFFH2FCS 52 sHEBEs BHEstChe JHE ool
follower force, M&H&, 2AE DUEEZS 150 HFEFHIFES ASH
20 st RS S0 HAE ARZ00 =23 22 R0l /XIS 2
= (deep muscle)=0l follower forceE & Hot=0 == J|0{ot], N
(shear force)lt 0Ol Qlgt HAEDUHE(joint moment)= HUIR

(superficial muscle)Ol Slol ¥sts O 2QULCE2)24),

1) A Follower load is a compressive load applied along a path that approximates the
tangent to the curve of the column, K.S Kim, Y.H Kim
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Table 1. Regional distribution of particiants

Research

per iod Region Population Participants Samples Farm production
2006 Dam-yang 1 225 96 86 strawberry, rice
Dam-yang 2 74 59 87 strawberry, rice,
Dam-yang 3 103 35 galic
_ rice, flower, corn,
Hwa-sun 1 73 69 58 bean. red pepper
Hwa-sun 2 89 33 54 rice, flower, corn,
Hia-sun 3 86 30 bean, red pepper
. rice, strawberry, red
2007 Jang-sung 1 106 74 67 pepper

rice, galic, Live
2008 Go-heung 1 101 75 73 stock(cattle), cherry
tomato, cucumber

Total 857 472 425
2006 6JH Ot=, 2007& 10H OF=, 20088 100 Ot== & 84 OF=8 AL
Al OtS0l H==cte &M 2= 857HO0IAULCH. 30Al OI4 79Al Okl ol
- = HsZl ZEs= MGt =<0t =0l SAtols AMEEH dE8

ot S M 472 (55.1%)0IACH(table 1). Ol =Xt= 2007 SHE

A
T

Aol MAIIP HIE 61.4%20Hs ¥2 HISoldl, ol =Y, 3=, FAHX
ol &= 210

A0l H=AIQ Z2=ZAAIL IR Atz ZE=s0ILt, Hisgelol @
J =g ez 2ot

2) 20078 SHE s=4aSHMS SHON 2ot 2008 =& M JiRes
1,231,0099t2 2 40| HHSE2 755,3767t+, BYS2 475,634t ALt
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4728 S L2 E2XA2 ALHES AlHGIACH 22 A BEOA
BESO0IALE, S =0l SAotXl 22 A2 o=l R2FBs FIIZ2 X
eotR L, &=2X HH0| OlHlg 2% 128, &2 X-ray FH0| ==& &
? 28, d&EXHQ F0Es A FER 18S HUStH FSHCZ 4259
(90.0%), = A+ 158 (37.2%), OiXt 2672 (62.8%)2 EAUAZ A/UL
Table 2. Frequency of sex, age in region N, mean(£SD)
Dam-Yang Hwa-Sun Jang-Sung Go-Heung
Male 66 604 (104) 34 574 (10.0) 29 561 (126) 29 628 (9.3)
Female 107 617 (9.9 78 594 (11.5) 38 577 (121) 44 602 (9.7)
Total 173 612 (10.) 112 588 (IL1) 67 570 (123) 73 612 (9.6)
Qexpatio162.1 229.4 131.0 151.7
HopoHde g2 61.2M(+ 10.1), 1= 61.2MI(£ 9.60), 3t= 58.8MI(=+
11.1), 28 57.0M(£12.6)ALt. BLE2 G20 DSl HIcH AZUI LU
CH(table 2)
TAUAXISES 80 O HE¥He Ol AR E2E HE(figure 10)2 22U
04, 20078 &M =&2 AFRZER HIWGHRES M, |AS A4S 202
UCHS), ek S =20l SAGHLD A= FRE HASZ Il WEol 20

Al Olet2 Mel= AL
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Figure 10. Population distribution by age, sex

age age

over 80 = over 80 —

75 = 75 e —

70 i 70 [ —

65 [ — 65 '
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55 e e— 55 e —
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40 [ | 40 e —

a5 | Man s Woman 5 Man =  Woman
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15 ' 15 e

10 [ m— 10 =

5 [ — 5 e

0 1 I | I o L B |

500 300 100 100 300 500 (1,000 persons) 250 150 50 50 150 250

Figure 11. Changes in the age distribution of agricultural
workforce (source : national statistics office, agricultural
census)
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Fol JI1=Dl(pelvic tilt angle at lateral view)

HR
rD
2
x
it
I3
rﬂ:

lumbar scoliosis angle)
thoracic scoliosis angle)
1 QF2H 5/ QxF9 A48tZE AT (lumbar vertebral compressive

fracture in L1-L5)

i

Jb. X2EO| E|#A B0 NERA E2HTA 240 HY

F2tm 220l g AsH(disc space narrowing)= Elg#A HSDF LIEHLD] Ol &
F2HT =08 2046t HOUHAN ZHs Q@ AAM(lumbar spine X-ray

O-II
lateral view)OlA F2HEH =012 MY STHO HACZ HSGHRULCH. &
&b, 33% 0I8t, 33% Ol&F 66% Olot, 66% =U=2 =
JIE HIAUAM RF F2HES EdY BHSE HFGH| | JIE22 F2HE
o =0l&ZA(height loss), ==2 &4 (osteophyte), 0ICHAE Z3H(diffuse
sclerosis)2 30t RAE DHSHCH OdLr SAIESIEQ S os HSE
CHH 2L SOtofPetES Sof 2&Fe 2 A0Sl ZXIZ0l CHE Hans-Joachim
2

Wilke2l cardeva &0 2IotH F=2HEh =0[2A(height loss)2l kappagte
0.862(95% CI 0.783-0.941), ==& 4 (osteophyte formation)= 0.613(95%
Cl  0.463-0.973), D0l2td A3i(diffuse sclerosis)= 0.343(95% Cl
O.121—O.565)OI91EP. 3JtXIE  X&st overall grade= 0.714(95% ClI
0.587-0.841)26) . [tetMd 2 =20 AdsE F2HEH2 =0 24 (height loss)E
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Figure 14. Measurement of sacral inclination
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H 12 Z2AEd HE NESS 80 OE 20

Table 3. Compare mean of lumbar lordotic angle, sacral inclination, pelvis

tilting angle by sex Mean(SD)
Men Women p-value*
Lumbar lordotic angle 34.7 (11.9) 30.6 (14.7) 0.002
Sacral inclination 35.9 (9.3 33.1  (11.8) 0.006
Pelvis tilting angle 76.4 ( 8.4) 65.5 (11.2) <0.001

* p—value by T-test

QM2 (lumbar lordotic angle), & At&(sacral inclination), =gt
JIZ2Jl(pelvis tilting angle)= S0 WOt 208 X0IE BEed, 2
= A0A A0l Y0 2SI ZQCH(table 3)(figure 18).

o0

80

70

— 1

60

50 —
u Men

0 T 1 T 7
30 + ‘ J | Women

20

Lumbar Lordosis angle  Sacral inclination Pelvis titing angle

Figure 18. Compare mean of lumbar lordotic angle, sacral

inclination, pelvis tilting angle by sex

_36_



Table 4. Compare mean of angle variables in lumbar by age

mean(SD)

30-49 yr 50-59 yr 60-69 yr 70-79 yr p-value*
Lumbar lordosis angle 33.5 (12.0) 36.2 (11.8) 30.3 (13.7) 29.5 (16.6) 0.002
Sacral inclination 35.8 (9.5) 3.4 (8.7) 33.0 (11.1) 32.2 (13.6) 0.012
Pelvis tilting angle 72.6 ( 8.3) 72.3 (9.1) 67.8 (12.4) 66.7 (13.7) <0.001

* p-value by ANOVA

e
0%
=2
a2
il
30
10
=)
Q'E

90
W 30-49 yr
50-59 yr
m60-69 yr
m70-79 yr
Lumbar lordosis angle Sacral inclination Pelvis tilting angle
Figure 19. Compare means of angle variables in lumbar by age
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Table 5. Intervertebral disc narrowing in individual levels

L1-L2 L2-L3 L3-L4 L4-L5 L5-51

Men < 33% 1.3 2.5 3.2 8.9 6.3
33%-66% 1.3 2.5 2.5 4.4 8.2
>66% 1.3 3.8 0.6 0.6 3.2
total 3.8 8.9 6.3 13.9 17.7
Women < 33% 3.7 3.4 3.7 10.1 8.6
33%-66% 3.0 3.4 4.9 5.2 10.9
>66% 1.5 3.0 2.6 4.5 7.5
total 8.2 9.7 11.2 19.9 27.0
Total < 33% 2.8 3.1 3.5 9.6 7.8
33%-66% 2.4 3.1 4.0 4.9 9.9
>66% 1.4 3.3 1.9 3.1 5.9
total 6.6 9.4 9.4 17.6 23.5
4H Q= b8 QRFAQl F2HE, 5 QF 1H & F A0l F2HES| 2tA
F2HE0 Hliof =2 BIEE BECH, HAEO0 AN =&

30
27.0
25 —
19.9
20 77
15 122 — HEMen
11.2 W
a7 omen
10 5 B2 —
6.3
5 3 I |
D _J T T T T 1
L1-L2 L2-L3 L3-L4 L4-L5S L5-51

Figure 20. Intervertebral disc narrowing by sex, individual
levels(%)
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HFO g2 480 MetdM= X012t et HaEu MetM= R0l
£ f

igure 21).

Table 6. Vertebral compressive fracture by sex, age N(%)
Mildly Moderately Severely
Norma| deformed deformed deformed

Sex Men 145 ( 91.8) 10 ( 6.3) 3 (1.9

Women 228 ( 85.4) 25 (9.4) 9 (3.4) 5 (1.9)
Age 30-49 89 (100.0)

50-59 85 ( 89.5) 9 (9.5) (1

60-69 130 ( 85.0) 18 (11.8) 3 (2.0) 2 (1.3)

70-79 69 ( 78.4) 8 (9.1) 8 (9.1) 3 (3.4)
Total 373 35 12 5

1040 T1 8

ag - 854

B0 -

70

60 -

50 4

W Men

40 4

30 - Women

20 1 9.4

10 - 63 N

ﬂ n T - T F— T 1

Mormal Mildly Moderately Severe
deformed deformed deformed

Figure 21. Vertebral compressive fracture by sex, age(%)
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0.058
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BMI
0.096
0.105*
0.084
-0.070
0.033

—0.189 %+
=0.141 %+
—0.167 *»
—-0.211 %+
0.071
-0.205 *#
** Pearson correlation Sig.(2-tailed) p-value < 0.01

Age
Pearson correlation Sig.(2-tailed) p-value < 0.05

Table 7. Correlation coefficiency between angle variables in spine X-ray

Sacral inclination
Thoracic scoliosis

Age

BMI

Lumbar lordosis
Lumbar scoliosis
Pelvic tilt

*

-

oJ
<]
Kk

2

’

=UACH

X}
o

tH =Dt 0.7542 Dt

FH =D 0.34601ACH(table 7).

Atz
ot SEHI=2019

—
—_ o

EHlI=0

Hu

—_

=

FAl == 0.464%AULt.

gl
O

[ —
ol

t

A

K-
i’

o,

—

B atots

S A0

—

—

ot 28tel JI27]

=B

Lt

rJ

ch

20 A0

0K

ol
A

i

i
i

.

101 2

[}32)33) |

=
=

=1
=]

=<

JLAISI] &

=01

=
T

ot 2

o

LA JIAl

=
T

_|

20l &

=
=

KIr
KF-

K
K]

-

oJ
K]
KE
o

160
180
sl

oJ
Rl

7]
KE
od

il

0%

gel 85
FAHIZ=DF -0.10801 AULt.

—
[—
—

F

gl
S

=
al
KIr
KF

3

&)

o)

_40_

Jl2to

=
=

)

—

g



un

£l
A
<0

<+
il

0

ulJ
™
o)
o3

ol
al
KIr
K
10f0

ol
)

&

(BMI) =

ES

HEE

FH==DF -0.2112 JtE =RUCH

FAHI==DF 0.105Q3E& 2 Ol2l0l Ct

gl
S

F3AMERtS

Ct.

53
33

0
)

_41_



M 3& x-ray® HF& BH==1 &S
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AR S(severe back pain)2 8t 20l S8 0|4, SHH ZM Al 1= 0|4t
QE F LTI #10 U2 ME XZTe s ST ER2 Foottt
‘HESE QF 9 K29 S A0 MUHA SHE U2 HSHSEE
o AE EN ARds du Hds BHGHA $UsS 39 4 oA
£ BHogE iz U 24060, HESIE F It s 32 ‘4
SRE’ 2| odds ratio= 3.3940I%U1, A Hdy¥goz BHGUS HARUE
odds ratio= 2.430/%2MH SHE2Z R20I5tALCH(table 8)

Table 8. Severe back pain associated with measured factors in lumbar
vertebra

N (%) Total Unadjusted OR(95% Cl) Adjusted OR(95% CI)

Flat back
no 102 (27.6) 370
yes 31 (56.4) 55 3.394 (1.901- 6.059) 2.430 (1.326- 4.452)

Lumbar scoliosis

none 109 (29.2) 373
scoliosis(>10) 34 (46.2) 52  2.076 (1.152- 3.742) 1.494 (0.805- 2.771)

Disc space narrowing in lower lumbar spine(L4-5, L5-S1)

none 83 (26.5) 309

<33% 19 (46.3) 41 2.352 (1.211- 4.565) 2.335 (1.164- 4.687)
33-66% 21 (45.7) 46 2.287 (1.215- 4.305) 1.892 (0.980- 3.654)
>66% 10 (34.5) 29 1.443 (0.640- 3.209) 1.073 (0.465- 2.476)

Compressive fracture in lumbar spine(L1 - L5)

normal 110 (29.5) 373

mildly deformed 14 (40.0) 35 1.594 (0.782- 3.248) 1.346 (0.637- 2.843)
moderately deformed 6 (50.0) 12 2.391 (0.755- 7.576) 1.672 (0.495- 5.644)
severely deformed 3 (60.0) 5 3.586 (0.591-21.761) 1.940 (0.313-12.034)

Adjusted by sex, age
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Table 9. Demographic factors associated with flat back

Flat-back N(%) Total p-value
Sex Men 6 (3.8) 158 <0.001*
women 49 (18.4) 267
Age 30-39 years ( 0.0) 15
40-49 years (8.1) 74 0.001xx
50-59 years ( 6.3) 95
60-69 years 26 (17.0) 153
70-79 years 17 (19.3) 88
BMI | ow 2 (16.7) 12 0.706**
normal 36 (13.1) 274
obesity 16 (12.5) 128
high grade obesity 1 (9.1) 11
Region Damyang 26 (15.0) 173 0.003*
Hwasun 7 (6.3) 112
Jangsung 5 (7.5) 67
Goheung 17 (23.3) 73
Total 425

* by chi-square, ** by linear by linear

= 28 dX= 3.8%214 2toil o At
S0l St et REES SIOtotUCH. 60CHOIA 17.0%,
70CHOIA 19.3%E 2 CH 400H2t 50CHOIAMGE 22 8.1%, 6.3%2 REE2
ACt(table 9).
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Table 10. Social factors associated with flat back

Flat-back N(%) Total p-valuex
Educat ional elementary and less 47 (15.7) 300 0.017
background )
middle school (6.8) 73
high school and upward (5.8) 52
Marriage state  unmarried(6), married 32 (9.7) 330 <0.001
separation by death, divorced 23 (24.2) 95
The level high 0 (0.0) 19
of living )
mid 30 (13.0) 230 0.234
low 25  (14.2) 172
Total 425

* by chi-square, if cell <5, Fisher exact test
st 22020 et RYENM 20IUA=E X0IE ERUCH table 10). 1

Lt g1 822 2FoAE M &5, ZESH2 XH0l= At

Table 11. Behavioral factors associated with flat back

Flat-back N(%) Total p-value*

Exercise yes 14 (13.2) 106 0.521
no 41 (12.9) 319

Smoking none 50 (15.7) 319 <0.001
<30 Pack years 4 (6.5) 62
>30 Pack years 0 (0.0 43

XV[I?DOIT zone 1 50 (14.2) 353 0.076
zone 2 4 (9.8 41
zone 3-4 1 (7.7 31

House work <1 hour 16 (9.3 172 0.149
>1 hour, <3 hours 19 (16.4) 116
>3 hours 20 (14.6) 137
Total 425

WHO AUDIT(The Alcohol Use Disorders Identification Test), Zone 1: Alcohol
Education(score 0-7), Zone 2: Simple Advice( score 8-15), Zone 3: Simple Adivice plus
Brief counseling and continued monitering (score 16-19), Zone 4 : Referral to specialist
for diagnostic evaluation and treatment (Score 20-40)

* By chi-square test. if cell <5, Fisher exact test
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Table 12. Difference of demographic & social factors by sex N( %)
Men Woman Total p-value
Age 30-39 7(4.4) 8 ( 3.0) 15 ( 38.5)  0.221xx
40-49 27 (17.1) 47 (17.6) 74 (17.4)
50-59 46 (29.1) 49 (18.4) 95 (22.4)
60-69 45 (28.5) 108 (40.4) 153 (36.0)
70-79 33 (20.9) 55 (20.6) 88 (20.7)
El%(-g( Mass  low-normal 107 (67.7) 179 (67.0) 286 ( 2.8)  0.915%
}?g;lsiggde Obesity 51 (32.3) 88 (33.0) 139 ( 2.6)
Marriage  unmarriedf 155 (98.1) 155 (65.5) 330 (77.6) <0.001x
separation by death 3(1.9 92 (34.5) 95 (22.4)
Eggﬁgaﬁgou‘}laé clementary 82 (51.9) 218 (81.6) 300 (70.6) <0.001s
middle school 41 (25.9) 32 (12.0) 73 (17.2)
o oo 35 (22.2) 17 ( 6.4) 52 (12.2)
The level  high 7 4.4) 12 ( 4.5) 19 (4.5  0.098xx
of living
mid 95 (60.1) 135 (50.6) 230 (54.1)
low 56 (35.4) 120 (44.9) 176 (41.4)
gg?ﬁe <1 hour 123 (77.8) 49 (18.4) 172 (40.5) <0.001#x*
>1 hour, <3 hours 20 (12.7) 96 (36.0) 116 (27.3)
>3 hours 15 ( 9.5 122 (45.7) 137 (32.2)
Smoking none 58 (36.9) 261 (97.8) 319 (75.2) <0.001%
<30pack years 56 (35.7) 6 (2.2 62 (14.6)
>30pack years 43 (27.4) 0 ( 0.0) 43 (10.1)
AUDIT zonel 95 (60.1) 258 (96.6) 353 (83.1) <0.001%
zone2 33 (20.9) 8 ( 3.0) 41 ( 9.6)
zone3—4 30 (19.0) 1 (0.4) 31 (7.3
Excercise ves 49 (31.0) 57 (21.3) 106 (24.9)  0.028x
no 109 (69.0) 210 (78.7) 319 (75.1)

* Chi-square test, if cell <5, Fisher exact test, ** by linear by linear, T unmarried 6 men
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dee ZE, B8, JALS, £, SF, 2SD 22 AFoIRENl ¥
20lAl Xt0IZ 22UCHtable 12)
SEHANAM BIBIGHI AISoHs ZAXME S0l Wt 2A0IUs OIS =2
AUCH(table 13). SII/LIDI/LIIY 22 S22 MY UEs 82 AIS
ol Y2 A0l D, AKX Bt=S2(upper arm repetition), ofcl
£ =0/JLI HIEE= =®s XA (awkward lumbar posture)@t Ze2f SHOFA
+85t= XhAl(squatting posture)= GHAEMA ZUACEH. 0l &= sEAE
of EEYTEN £ETHE 2L
Table 13. Difference of working posture factors by sex N(%)
Men Women Total p-valuex
Lifting, fulling, pushing none 27 (17.1) 111 (41.6) 138 (32.5) <0.001
<25% 44  (27.8) 70  (26.2) 114  (26.8)
25-50% 49 (31.0) 59 (22.1) 108 (25.4)
>50% 38 (24.1) 27  (10.1) 65 (15.3)
Excessive force none 40 (25.3) 141 (52.8) 181  (42.6) <0.001
<25% 62 (39.2) 81 (30.3) 143 (33.6)
25-50% 31 (19.6) 33 (12.4) 64 (15.1)
>50% 25 (15.8) 12 (4.5) 37 (8.7)
Upper arm repetition none 37 (23.4) 21 (7.9 58 (13.6) <0.001
<25% 42 (26.6) 59 (22.1) 101 (23.8)
25-50% 39 (24.7) 94 (35.2) 133  (31.3)
>50% 40 (25.3) 93 (34.8) 133 (31.3)
Awkward lumbar posture none 24 (15.2) 26 (9.7) 50 (11.8) <0.001
<25% 51 (32.3) 62 (23.2) 113  (26.6)
25-50% 46 (29.1) 86 (32.2) 132 (31.1)
>50% 37 (23.4) 93 (34.8) 130 (30.6)
Squatting posture none 32 (20.3) 31 (11.6) 63 (14.8) <0.001
<25% 53 (33.5) 68 (25.5) 121 (28.5)
25-50% 40 (25.3) 66 (24.7) 106 (24.9)
>50% 33 (20.9) 102 (38.2) 135 (31.8)

* By linear by linear
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Awkward
lumbar
posture
0.669**

1

Upper arm
repetition
0.530%*=*
0.487*x*

Excessive
force
0.145
0.200
0.259

Lifting,
fulling,
pushing
0.531*x*
0.246
0.270
0.263

** Pearson correlation Sig.(2-tailed) p-value <0.001

Lifting, fulling, pushing
Excessive force

Upper arm repetition
Awkward lumbar posture
Squatting posture

Table 14. Correlation coefficiency between working postures
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Table 15. Working postur

e complex model 1

Squatting posture
none - <25% - 25-50% | >50%
Lifting, none 0 1 2 -
fulling, <25% 0 0 1 2
pushing 25-50% 0 0 0 1
>50% 0 0 0 0
Table 16. Working posture complex model 2
Squatting posture
none - <25% £ 25-50% i >50%
Excessive none 0 1 2 -
<25% 0 0 1 2
force 05-50% 0 0 0 1
>50% 0 0 0 0

Table 17. Working postur

e complex model 3

Awkward lumbar posture
none L <25% £ 25-50% i >50%
Lifting, none 0 1 2 -
fulling, <25% 0 0 1 2
oushing 25-50% 0 0 0 1
>50% 0 0 0 0
Table 18. Working posture complex model 4
Awkward lumbar posture
none : <25% : 25-50% i >50%
Excessive none 0 1 2 -
<25% 0 0 1 2
force 25-50% 0 0 0 1
>50% 0 0 0 0
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Table 19. Working posture complex models associated with flat back

N (%) Total Unadjusted OR (95% ClI) Adjusted OR(95% ClI)
Model 1
Lifting, fulling, pushing Xsquatting posture
0 17 (7.7) 222
1 15 (13.3) 113 1.846  (0.885- 3.849) 1.297  (0.603-2.788)
2 14 (28.3) 60 3.670 (1.689- 7.976) 2.281  (1.013-5.136)
3 9 (30.0) 30 5.168 (2.051-13.025) 2.616  (0.988-6.981)
Model 2
Excessive force Xsquatting posture
0 13 (7.3) 178
1 15 (12.5) 120 1.813  (0.830- 3.963) 1.238  (0.545-2.810)
2 16 (19.0) 84 2.986 (1.363- 6.544) 1.920  (0.837-4.406)
3 11 (25.6) 43 4.363 (1.796-10.600) 2.340  (0.915-5.982)
Model 3
Lifting, fulling, pushing xawkward lumbar posture
0 17 (7.9) 214
1 12 (10.3) 117 1.324 (0.610- 2.878) 0.946  (0.423-2.113)
2 17 (27.0) 63 4.283 (2.033- 9.021) 2.671  (1.226-5.823)
3 9 (29.0) 31 4.741  (1.889-11.899) 2.350 (0.888-6.218)
Model 4
Excessive force Xawkward lumbar posture
0 13 ( 8.0) 162
1 13 (10.3) 126 1.319  (0.589- 2.954) 0.954  (0.413-2.203)
2 19 (20.9) 91 3.025 (1.415- 6.464) 1.951  (0.877-4.337)
3 10 (21.7) 46 3.184  (1.293- 7.840) 1.698  (0.658-4.378)
Total 425

Adjusted by sex, age

'HESE QF'N IS = RS ) H¥8s BHGHA ZUAS M, ©
HIO =05 25 KR0IGHH odds ratiodt =0tX= Las BACH. &
o H™¥E BEHGIRS M= model 1(SI/LI1/EYIDI2 22 S g
Xed SHOtM Gt= &), model 3(SI1/LI1/EI1DIt 22 S X
SlclE =0/0L HE= S#Hs )M 28 HZ UM 22 SHE2Z 9
OiIeE H2AHES EUAL. 2 model A 08 HEE JIE2Z oIE M 28
T 9| odds ratio= ‘model 17 OlM 2.8101”% 12, ‘model 3'OIA 2.670IA

_52_



SAH

[jl_|.

£=Z09| odds ratio® EQX

5t

CH(table 19).

XEAIDF

ol

F

i0J
K0
il

ol
ol

Ho

t= =d0ICH.

o

= AlAL

KF
of

o
o1
70
gl

_53_



g

b2l 2F'9 2

1. AAI0l HEEHSS I "HE

0g
fol

Table 20. Measured lumbar factors associated with flat back

N (%) Total Unadjusted OR (95% CI) Adjusted OR (95% ClI)

Disc space narrowing in L4-L5, L5-S1x

normal 26 ( 8.4) 309

<33% 4 (9.8) 41 1.177  (0.389- 3.560) 0.796 (0.230- 2.750)

33-66% 13 (28.3) 46 4.288 (2.011- 9.142) 2.863 (1.242- 6.601)

>66% 12 (41.4) 29 7.683 (3.313-17.816) 4.791  (1.908-12.028)
Lumbar scoliosis

none 41 (11.0) 373

yes(>10) 14 (26.9) 52 2.983 (1.491- 5.968) 1.956 (0.882- 4.336)
Compressive fracture in lumbar spine

normal 38 (10.2) 373

mildly 25 (28.6) 35 3.526  (1.574- 7.899) 2.349 (0.929- 5.945)

moderately 7 (41.7) 12 6.297 (1.905-20.816) 3.373 (0.853-13.330)

severely 3 (40.0) 5 5.877 (0.952-36.287) 2.932  (0.365-23.571)

Adjusted by sex, age, disc space narrowing, lumbar scoliosis, compressive fracture
* |4 @ 4th lumbar vertebra, L5 : 5th Lumbar vertebra, S1 : 1st sacrum
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AS JI=O2 olgsS M 2t22A2 HI=0| '33-66%'Y [ odds ratio=

2.86, 66%S Z1UGIAUS [ odds ratio= 4.79%UACH(table 20).
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OISHAl SLQUCH. F2tE 229 A= FAd=2 JIEL=2 oS M

33%-66%2 AAE 22l AL odds ratio= 3.87, 66%E Eot= 2AE B

ol B2 odds ratio= 6.760IUCH. =X L XMl 'model 1'E =

FOZ OI¥E2 M =X 32 odds ratio= 3.260IACH. =AXE 11t
o

SHHCZ KOS = UUASU L-PIES2AHE SAC(table 21
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Table 21. Major factors associated with flat back by model 1

N (%) total Unadjusted OR (95% ClI) Adjusted OR (95% ClI)

Sex

Men 6 (3.8) 158

Women 49 (18.4) 267 5.694 (2.379-13.628) 4.158  (1.631-10.602)
Age

30-49 6 (6.7) 89

50-59 6 (6.3 95 0.933 (0.289- 3.006) 0.856 (0.247- 2.965)

60-69 26 (17.0) 153 2.832 (1.118- 7.176) 1.831 (0.682- 4.917)

70-79 17 (19.3) 88 3.312  (1.239- 8.853) 2.015  (0.692- 5.869)

normal 26 ( 8.4) 309

<33% 4 (9.8) 41 1.177  (0.389- 3.560) 1.081 (0.343- 3.412)
33-66% 13 (28.3) 46 4.288 (2.011- 9.142) 3.874 (1.721- 8.720)
>66% 12 (41.4) 29 7.683 (3.313-17.816) 6.768 (2.684-17.070)

Working posture complex model 1
Lifting, fulling, pushing Xsquatting posture

0 17 (7.7) 222

1 15 (13.3) 113 1.324  (0.610- 2.878) 1.131  (0.504- 2.541)

2 14 (23.3) 60 4.283 (2.033- 9.021) 2.334 (0.993- 5.485)

3 9 (30.0) 30 4.741  (1.889-11.899) 3.264 (1.197- 8.905)
Total 425

Adjusted by sex, age, disc space narrowing, model 1
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A, A8, F2rE 2bA9 24, HAXAN OE WXHE = 'model 3'2 F
R B2 2= AHS AlE 20 SHECZ R20IH0|] &olE B
E AHBEUCH. Y42 JIELZ A2 odds ratio= 4.54% 10, A2 &
Ol0|5HAl LQUCH., F2HE 2HAH0] AA= HAS JIECZ otIUS M 33%66%
of HAE B0l H2 odds ratio= 4.11, 66%E =iot=e ZAE EQ &R
odds ratio= 7.59%UCH. =&Y XMl 'model 3'2 =/IEE 02 JIE2LZ ot
AFS M =X 29 odds ratio= 2.85%CH. =T 11 3= SHEC=
FOGHAE LUCH, L-BISAHE L0IX= LUCH table 22).
Table 22. Major factors associated with flat back by model 3
N (%) total Unadjusted OR (95% ClI) Adjusted OR (95% ClI)
Sex
Men 6 3.8) 158
Women 49 (18.4) 267 5.694 (2.379-13.628) 4.540 (1.772-11.633)
Age
30-49 6 (6.7) 89
50-59 6 (6.3) 95 0.933 (0.289- 3.006) 0.866 (0.247- 3.034)
60-69 26 (17.0) 153 2.832  (1.118- 7.176) 1.718  (0.635- 4.647)
70-79 17 (19.3) 88 3.312  (1.239- 8.853) 2.042 (0.697- 5.983)
Disc space narrowing in L4-L5, L5-S1
normal 26 ( 8.4) 309
<33% 4 (9.8) 4 1.177  (0.389- 3.560) 1.151  (0.362- 3.656)
33-66% 13 (28.3) 46 4.288 (2.011- 9.142) 4,117 (1.802- 9.403)
>66% 12 (41.4) 29 7.683 (3.313-17.816) 7.592  (2.934-19.647)
Working posture Complex model 3
Lifting, fulling, pushing X awkward lumbar posture
0 17 (7.9) 214
1 12 (10.3) 117 1.324  (0.610- 2.878) 0.722  (0.303- 1.717)
2 17 (27.0) 63 4.283  (2.033- 9.021) 2.851 (1.251- 6.501)
3 9 (29.0) 31 4.741  (1.889-11.899) 2.629 (0.958- 7.213)
Total 425

Adjusted by sex, age, disc space narrowing, model 3
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e ZUE BEGIH, ‘FelE 014U HE= SHs Y XAl (model 1)
Slh= ‘A0 2O0tM ot= Y XtAMlI(model 3) " JF 'HESIE 2F o
SO et LS BEWEC. 0le 2o HESE 2F 2 FR
eI0l  'SlelE =010U HE= 2#s LA Eles "AOdH g= X
A 0l Ug2S IJtsdE 2E0=F= A0IT. X2 dlelE =0l MHhe 2
Otch &Y =0I0AM A 2= KAt wetE = A= MM0IEZ2 S XAl
= &35 240l =20, ocl =0l Olsots AHMIJE 2 gt AHAl

Ol dloh HE0lZ2=sd H=F22== O AIZot2=2 Olddst 2t ==&
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H 5& =2
M 1& del=01012 2S00 THE 24

A = HE2 19 o2 MilE=e HaR2
OICH. M&XP2 detEoz XH AL, 22 oteie /AXHA =
Of 28 &A=2=2 FoAUE £ UCH(working "at or near ground level"
or "at or below knee height") M&XZ &Yl ItMe Aoz XA
HOtM 2elZE8 0ls2 GtoiLE, dlelE s0I8A 2= RME HE =50
it & JIXl XM= MZ BIRO FokJol& obXlgH, &P & e 0ls
Ol 2R0tALE &e XAMAN Z2e &40 RAR=

XME FHotAl €Ct.
olcl =0l MM 2 gt Tthe Gsd 201 2 = AL

al2l =0l= XhAMl(stooped postures) : ‘Ci2le ZolAl 22 AEHOIA &4ZE
b orsgtsto 2 gleldb 2ol Xl= AhAMl(bent forward an down from waist

and/or mid-back while maintaining relatively straight legs)'

A4 et= KHAMI(squatting posture) @ 220 S0l EX LD LEE =9
A SHO0IJF ZEX QL 22X I RUM SXAZ= XHAMl(bending of

the knees so that the buttocks rest on or near the heels)'

JlE AR0M= 0l2is XtAIDH 2BS & XAl (awkward posture)ets X
ol 20 dEEUC. SHS HY NMes ARXL0HCH CHst 2ot

D, 2 S0d A=

postures, kneeling S22 LAUCH. DUt 0lHE AL 2EH2 HUOHK

tol, 22 = A= ZEIF MEHO0ICHS).

$0 N

2 Jd

= squatting, stooping, non-neutral trunk

0
ol
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Figure 22. Change to squatting posture from stooped posture

fE OfchHel A =0I0A oicl =012t R 2= M
= & KA 2OH = NMZ 2o £ otk sEES =IH,
LdAHMAM Sl2l =010 HMZ 2SS =>HEHCH(figure 22).

olel=01J] &Y Al dlel =232&=
JI Flof £=01 <2t 5K, =0l

(figure 23).

Xel 2= TN G5l2lE =dle MMe=E 2% dfel HISdI(twist), & o

| & (axial rotation)t ==(lumbar flexion)0l SAlI0 LIEHLE

el =3 Xt
NE FIIX2Z Aot QUCH UIM=Z 380l 22 gsoz Met 0|
HA olelel ¥=2=(lateral bending)OlLt =3 & (axial rotation)2 = As
ot UACH & XM 25 0ISctHAM 2AHSAO0l 8% Celold TE & T
22 0ls&tCH(figure 24,25).
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Figure 25. Forward movement at squatting posture in front view

st N XAOICH. XIHES

R e AGAMeE NHAS A= =SIHI St
| Jts=C.

OlA ol =011 TtMle slelZ2=250t AKXl 20 =88
X gt= NANAS Ols2 & RE0N TOE RE

s BN RESAEQ A0 Lols A9 22

26,27).

Figure 27. Typical squatting posture
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=20 It RF 0142 E=R0= AOH = KAIE 2Jtsotd, 0 M2

=N = >
=<
_Il-O-ID:‘O =

ol 3fel =0121 Xtdl2 LotH ECH(figure 28). 52l Il
olol HE ZAXAME Ote H2 201 27 = ACH(table 23).

— g

Figure 28. Working at stooped posture

Table 23. Working posture by work height

. Above Below Near ground
Below waist knee height knee height level
70cm 50cm 30cm Ocm

L.flexion* 15  L.flexion 30 L.flexion 45

Squatting ’ 5
posture h\ ! R‘ &

L.flexion 45 L.flexion 75 L.flexion 90 L.flexion 105

- £ ¥ Y

=|umbar flexion angle

el HGHEO =012 A2l X SgAS M &S0 &4 & &
= ), 22 0S5t ¥etok ot BR0= dlel =010 &t

AL (figure 29
NE FotAH = L.
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Figure 29. Deep lumbar flexion on the ground level

al2l=0101 KME {8 6lel 282 SE=2=(trunk flexion)0l OtLI2t &
H0l2=(hip flexion )OIE}. AME 2Bt 20 SHA=10 oHMI 2EHAEHS
SXIStCH figure 26). FJ] =10l Hlol Ol=0l #2

ﬂ-'_
o
Pa
=
rr
5
|
®
gO

1, d4dolet tel S BXAIZERES MEEE = ULH, =8 MEHNHAM
REAME 2= (back extensor muscle)ll 28 2ETE FASIE £ QUCH6)
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0
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o
4
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C
10
W
o
I

Static Squatting & Stooped posture

Relaxation & Cumulative Creep Incresed
compartment syndrome & Hyperesis lumbar load & injury
of gleuteal & paraspinal

muscle
Repeated microdamage Lumbar
& Chronic inflammation degenerative change

N L

| Muscle& viscoelastic tissue atrophy |

|

| Flat back |

Figure 30. Developmental mechanism of flat back

Ficke 191140l ==-01& S A& (flexion-relaxation phenomenon) Jt&Z
MAIGHECH . 22-0/2 A2 FJF AE0l 22 MHE HE |Xot
U2 W HFAEZE2 0|2 e= 842 NEole 22z 28 #484H3R
(EMG activity study), 28 SHE HSole IS AJYUE S &
off 0l JIde2 YA, =H20= S O MEHQ ARZUS0l MAIZD
A=, =223 Al HEFBI2E S0 Zd22 48X (activity) It 240l
0 2R HHEAFO SHSA20, A A =3 NME XSE M,
HMEY T & (viscoelastic tissue)ll =4f0t 2250 2&AH2 252 Hl
A ~=(spasm)0l LMSl= FRIt BIBGHH UEIEES E106t0 U
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