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Nowadays, a problem of Thai primary students is to carry a heavy school bag
relatively to their student weight. The school bag carrying task can be classified as a
carrying workload. This workload was evaluated based on a biomechanical static
model. 341 primary students (178 boys and 163 girls) aged between 6 to 12 years
old were recruited voluntarily for the research.

Composite static strength presented the highest values followed by Grip
static strength, Arm static strength and Shoulder static strength, respectively. The
statistic results showed that the body weight is not significantly relate to the body
strength. Therefore student weight should not be used as an indicator to evaluate the
safe weight school bag.

The compressive force on the lower back while carrying the school bag was
about 18% of maximum voluntary compressive force on the lower back calculated
from the composite strength test. In this research, the school bag carrying task with
weight at 11.14% of body weight was evaluated at about one-third of the safe level.

Therefore, this task might be low based on the biomechanical task assignment.
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nsniusmAnauiLdeseAwnliaIngas YIM = 0
1 % . .
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(558K, 2538)

naqe ANNTTUITNUAN CS mﬂma‘ﬁﬂmmz@ﬂﬁwﬁmw (H9A)
I\/Iesserer(1 880) CS =1908.3 + (299.7*SC)
Sonoda(1 962) CS =6421.3 + (374.3*SC)
Guzulov et al.(1966) CS =6218.1 + (783.0°SC)
Hutton et a|_(1 979) CS = 8567.4 -(72.0*0"¢))-(3276.9*1WA)+(374.0*SC)

Hutton & Adams(1 982) CS = 18512 -(29.3*218))-(3215.5*IA)+(539.9*SC)+ (97.0*ﬁﬁﬁﬁﬂfﬂﬂﬂﬁﬂ)

Adams & Hutton (1982) CS =-7308.4 -(69.8"818))-(140.7*1WA)+(280.2*SC)+ (42.4*ﬁwﬁnéwmﬂ)

Hansson et a|_(1 987) CS =-13557.0 -(63.1*01¢))-(454.4*1WA)+(404.2*SC)+ (54.5*1UUNTINNE)

Brinkmann et a|_(1 988) CS = -2894.9 -(64.8*21¢))-(1018.0*1W)+(284.7*SC)

Biggermann et a|'<1 988) CS = 5719.6-(53.1*28))-(1722.1*INF)+(312.1*SC)

CS = [10.53 - 0.975 * (818)/10)]*1000 A mFLIWAT e

Jager & Luttmann(1992) - _
CS = [7.03-0.591 * (812)/10)]*1000 A9AFULWAMEN
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Recommended Weight Limit: RWLLsznausaaszazan (V) Ateandnvizewiniy 75 a8, (v

L X X o -
RLUNLNTYUNIRINNY) ANANTINN 2.2

ANS9N 2.2 ANLuTnuuzinanlFaneinaIuaas NIOSH, 1994

TLALIIAINTN N PWC 74 Kcal/min
1 alug 50% 4.7
1-2 dalua 40% 3.7
2.8 dalug 33% 3.1

* ynenagAn V >75 du. (AN TAeNTUNNaInie) A1 PWC AR EN 00 Y 70% 2l
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A1599 4.1 dayanivatanuguaestimin, douge, dwinnsziuay BMI

218 U s d9uga swinnszi BMI

@ | E@ema) (Alan3u) (IURLNAT) (Alansu) (nn./34.%)
6 36(14/22) 24.03(4.33) 120.08(5.26) 2.34(0.45) 16.60(2.34)
7 72(37/35) 26.55(5.58) 124.38(4.95) 2.92(0.55) 17.03(2.69)
8 59(34/25) 30.20(6.94) 130.17(5.51) 3.26(0.89) 17.71(3.26)
9 56(27/29) 33.61(8.56) 136.49(6.47) 3.79(0.75) 17.87(3.46)
10 67(31/36) 36.87(8.69) 141.72(7.44) 4.02(0.76) 18.23(3.35)
11 34(22/12) 45.89(10.9) 147.81(9.31) 4.51(1.15) 20.86(3.85)
12 17(13/4) 44.22(8.09) 150.50(7.91) 4.85(1.35) 19.50(3.27)
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4.1 NMSNAFALNRIRDATDINAINLUD
o o o a v dgl/ = | A
NNIIANTIANATANAINLNS N 4 910 AB
1. NMAanANa1Nieie (Grip static strength)
2. MAIADANANNLLAWLY (Arm static strength)
3. ﬁ’]ﬁmaﬁméjﬁmﬁﬂmuﬁhﬂ (Composite static strength)

4. nnasatananilealug (Shoulder static strength)

annsideyanidvatinnduiiavesiniFaumnauastin FEune 1negan Two

o

-Sample T-Test NENAFALAIMNLANAINANRALANAIRDALBINANLHRYY 4 Yin89in(Fe

TeuazinBaunie AdudndlunIARLan A NUdNIaIaDANANILaNT 4 vinaaednFeu

o

o al a P " = = = o q o a P
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dl = = [~3 1 % éll ] %; o o =
wanaluA197199 4.2 wazn17FauNg AN LG LNTIIRINA TN L Ha AU TN T e
svauAnEIasiaUdnANusasazNIAYADANANILATN 4 VAt minfae9inTauuLsay
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GhH fdsatinndnaifedle ﬁwﬁmamm’ﬁmﬁ@dwﬁhm fdeaimndnanifauny fdeaimnénanifelvg
@ (Alan5u) (Alanw) (Alan5u) (Alan5w)

6 13.02(2.39) 12.10(3.85) 5.21(1.51) 5.28(2.05)

7 14.98(2.66) 15.13(5.74) 6.60(2.22) 5.97(2.23)

8 16.11(2.45) 19.36(7.41) 7.71(2.50) 7.79(2.71)

9 17.31(2.57) 19.82(6.08) 8.40(2.21) 7.60(3.18)

10 22.54(4.96) 22.93(7.60) 9.73(2.87) 9.36(2.91)

11 23.26(5.05) 28.74(9.98) 11.66(3.45) 11.07(4.75)

12 26.87(5.12) 30.91(10.17) 13.94(4.73) 12.52(5.54)
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M1519% 4.3 dayanatiniiuguresdndiuiesazindsaninndnuitledesetinnin, fesazindsaninnduiladausinepiauinen,

fasarnAIadANANITanIuAatNinLazSasa N AsaIANAN e lasatinuin

818 Sapavtndeadandniiieiie | fesaviidwedandaile | fesatidsadandnanileus | Seuazideaiiandwiilelva
@) Hatvengn muﬁhmﬁi@“ﬁmﬁﬂﬁq Haunuting Hatvrngn

6 55.34(11.69) 51.13(16.11) 21.95(6.21) 22.08(8.05)

7 58.07(12.53) 56.90(17.43) 25.29(8.34) 22.62(7.48)

8 55.10(11.13) 65.40(23.93) 26.12(8.46) 26.33(9.42)

9 53.78(12.26) 60.24(16.9) 25.83(7.78) 22.91(8.74)

10 63.07(16.01) 62.83(17.72) 26.90(7.54) 25.92(7.69)

11 51.98(9.97) 63.11(18.43) 26.20(8.17) 24.57(9.72)

12 61.69(11.5) 71.08(24.84) 31.66(9.72) 28.63(12.12)
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ANFI9N 4.4 LAAIANFNLIZANTANANAUSUAZAN p-valueseninnadannnanNiilaiie,

waw, dausinee, e, Wnein, deugeuas BMI aesiinGeaulszonAnmnany 6 1

34

NAsATiANA"NLe
. Ao | dwdn | douge | BMI
Ha W | Twa
RNy
~ 1.000
il
- 0.389 1.000
= | uaw
= (0.019)
<
el | 0411 | 0551 | 1.000
sS AIUFNNY
og (0.013) | (0.001)
. -0.059 0.433 0.283 1.000
Tva
(0.734) | (0.008) | (0.094)
¥y 0.285 0.043 0.275 0.376 1.000
Wnuiin
(0.092) | (0.040) | (0.105) | (0.024)
. 0.228 0.353 0.170 0.263 0.636 1.000
Aouga
(0.182) | (0.034) | (0.323) | (0.122) | (0.001)
0.197 0.145 0.288 0.272 0.858 0.222 1.000
BMI
(0.234) | (0.229) | (0.165) | (0.062) | (0.001) | (0.258)

Ty auanIAduLsr@nsanduiut(pn p-value)

FMUNLATIAENARATT 921919 0.50 — 0.70 HAuduRusiuluseslunana

fiaviu, weeuazlnduls AeAar 33199 0.70 - 0.90 HAudNRusIWluszALg
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=i 1 a a o & 1 1 3 o a v dgl/ A
AN 4.5 LAAIANANU AN anANANUTUaZAN p-valueTeUINWNNINIFNANRATNLUBN D,

waw, dausinee, Tua, dnin, dougauas BMI aasinseulssonnmneny 7 1

ANAYADANANNITA
. Ao | dwdn | douge | BMI
e WL . Tua
N
- 1.000
HA
& 0.391 1.000
= | Wy
N (0.001)
[
e |, 0.334 | 0435 | 1.000
ﬁ AIUFNNY
§ (0.004) | (0.001)
. 0.487 0.631 0.639 1.000
Tua
(0.001) | (0.001) | (0.001)
y 0.412 0.353 0.545 0.463 1.000
UINNUN
(0.001) | (0.002) | (0.001) | (0.001)
, 0.306 0.411 0.499 0.415 0.740 1.000
AUFY
(0.009) | (0.001) | (0.001) | (0.001) | (0.001)
0.414 0.271 0.406 0.421 0.836 0.367 1.000
BMI
(0.001) | (0.028) | (0.001) | (0.001) | (0.001) | (0.001)

fayauaniA1dnlss@nsanduiug (@A p-value)
FMUNLATIAENARATT 921919 0.50 — 0.70 HAuduRusiuluseslunana

fiaviu, weeuazlnduls AeAar 33199 0.70 - 0.90 HAudNRusIWluszALg
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A5 4.6 LAASANFNUTEANTANAUNUTULAZAT p-valuessUINNANAIADANA1N LN D,

waw, dausinee, Tua, dnin, dougauas BMI aasinseulszonAnmneny 8 I

ANAIATANANNLLA
. Ao | dwedn | douge | BMI
e ienn | Twa
RNy
o 1.000
i 0.304 | 1.000
Z | wau
e (0.019)
&
“g . . 0.399 0.355 1.000
\Z | dousine]
& (0.002) (0.006)
. 0.296 0.455 0.503 1.000
ua
(0.023) | (0.001) | (0.001)
¥ 0.359 0.277 0.278 0.329 1.000
Uuin
(0.005) (0.033) (0.033) (0.011)
. 0.228 0.353 0.145 0.146 0.627 1.000
Auge
(0.083) (0.006) (0.269) (0.271) (0.001)
0.185 0.113 0.266 0.299 0.864 0.312 1.000
BMI

(0.011) | (0.162) | (0.036) | (0.012) | (0.001) | (0.022)

dayauaniAdntlsr@nsanduius(dn p-value)
FMUNLAZIAENARAIr 92119149 0.50 — 0.70 HAuduiusiulusesiilunana

Favun, euazanduld Aadar 9211979 0.70 - 0.90 A uduiusiuluseaugs
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=i 1 a a o & 1 1 3 o a v dgl/ A
AN 4.7 LAANANANU AN anANANUSUaZAN p-valueTeUINWNNINIFNANRATNLUBN D,

waw, dausinae, Tua, in, dougawasBMizasinFeulszonAnmneny 9 1

NNAsATiANA"HLe
. A1 | dwtdn | douge | BMI
Ha WL | Tua
F47)
1.000
v% 0.067 1.000
6
£ (0.623)
=
e |, 0.338 | 0.350 | 1.000
ﬁ AVURN
°§ (0.011) | (0.008)
0.424 0.360 0.522 1.000
(0.001) | (0.006) | (0.007)
0.266 0.350 0.491 0.445 1.000
(0.047) | (0.008) | (0.001) | (0.001)
0.283 0.228 0.277 0.246 0.695 1.000
(0.034) | (0.091) | (0.039) | (0.068) | (0.001)
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a

A15199 2.1 daganieatifnugiuzesiinin, douga, untinnsziduas BMI 2e9iniew

3TN
27y | Au0u S Auga Swsnnazin BMI
@) (Alan5u) (URLNAT) (Alan3u) (nn./u’)
6 22 22.57(3.96) 118.71(4.84) 2.35(0.39) 15.91(1.66)
7 35 25.82(5.90) 124.46(4.89) 2.93(0.49) 16.53(2.90)
8 25 30.07(6.60) 129.56(4.80) 3.29(1.04) 17.82(3.35)
9 29 31.27(7.57) 136.49(6.47) 3.67(0.57) 16.53(2.47)
10 36 35.35(6.94) 142.18(8.38) 4.05(0.79) 17.43(2.73)
11 12 44.23(10.98) 146.47(6.81) 4.32(0.81) 20.52(4.54)
12 4 45.88(6.48) 149.50(6.95) 5.29(1.89) 20.50(2.35)

y oA A
UDHALAAN mm@ﬂ(mmmmummgm)

a

A15197 2.2 dayanieanmanugueesianiin, douge, tvtnnsviduay BMI 2esinizew

Silald

27y | Au0u S RPN Swinnazin BMI

@) (Alan5u) (VIURLNAT) (Alan3u) (nn./u’)
6 14 26.33(3.99) 122.73(5.34) 2.32(0.54) 17.67(2.87)
7 37 27.24(5.24) 124.29(5.07) 2.91(0.61) 17.50(2.43)
8 34 30.30(7.27) 130.61(6.01) 3.24(0.78) 17.63(3.24)
9 27 36.12(8.98) 136.19(6.78) 3.92(0.90) 19.31(3.81)
10 31 38.63(10.20) 141.18(6.26) 3.98(0.74) 19.17(3.78)
11 22 46.79(11.10) 148.54(10.5) 4.61(1.31) 21.04(3.44)
12 13 43.72(8.69) 150.81(8.42) 4.71(1.20) 19.20(3.53)

fayauans Anade(AndedUuNIAIgIY)




A15199 2.3 uanseng, Auugidndannidide, Aedt, ANDEUUNIRTEIY, AFNGALAZ

ANGIQRATBINNAIAD ANANI LB NaBIIN FIUATN

. o GUBTENENS L |
8¢ AU ANLRAE ANRNEA GRENGT
. L NIMTFIU . ]
@) GIAEN) o (Alaniy) GIAEN)
GIAEN)
6 22 12.84 2.27 7.72 18.70
7 35 14.45 2.80 8.45 21.83
8 25 15.75 2.35 10.12 20.32
9 29 16.51 2.33 10.84 21.11
10 36 22.02 4.95 11.76 29.56
(N 12 21.98 3.68 16.34 28.61
12 4 28.99 3.91 23.58 32.12

A15199 2.4 uanseng, Iuauidndanndt, Aeds, ANTEUUNIATENY, ATFNGALAL

ANGIQRTBINNAIAD AN NI LB UIBIBUNFTRIWATIN

. T AT L |
818 AU ALRAE ANRNGA ANGIAN
. —— NIRTFIU . .
) (Alan3y) — (Alaniw) (Alaniw)
(nlansy)
6 22 4.86 1.52 2.70 8.57
7 35 6.00 1.90 2.54 10.63
8 25 7.86 2.34 3.16 13.28
9 29 8.19 2.43 3.73 14.64
10 36 9.36 2.41 3.96 15.32
(N 12 11.09 2.78 7.11 15.64
12 4 12.94 3.03 11.01 17.42




A15199 2.5 ULAA9e1g, Ausugidndannidy, Anede, ADEaUNNIRIFIN, ARIGALAS

ANgaAATBINNAIaTANANIadIuANe|Ietin Fauma

. o ANDeLLY L |
81 11U ANLRAE ANRNEA GRENGT
. L NIMTFIU . ]
@) GIAEN) o GIAEN) GIAEN)
(Alaniw)
6 22 11.08 3.77 4 .51 19.89
7 35 13.39 5.59 3.24 29.89
8 25 18.12 7.65 9.52 34.94
9 29 17.91 534 10.32 32.11
10 36 21.86 6.71 8.58 34.53
(N 12 25.94 9.93 15.04 47.41
12 4 30.33 5.35 26.55 38.16

M15199 2.6 ULAA991E, AHugidinaNmaidy, Arade, ANDEUUUNIATTIN, AMRIGALAS

ANgIgRIaNNAIaD AN NLHe InaneviiniEauud

. I AT L |
818 AU ANLRAE ANRNGA GRUNGT
. — NIATFIU . ]
@) GIRaEN) p— GIAEN) GIAEN)
(Alaniw)
6 22 512 2.29 2.01 10.97
7 35 5.09 1.63 2.39 8.52
8 25 6.87 2.70 3.12 11.73
9 29 6.33 2.33 212 13.11
10 36 8.26 2.45 3.34 14.11
(N 12 9.13 3.14 5.40 15.41
12 4 10.03 2.00 8.34 12.64




A15199 2.7 uanseng, Iuugidndanniddy, Aeds, ANDEUUNIRTEIY, ARNGALAZ

ANGIQRTBINAIAD AN NI LB NaTa9N FRIuTNe)

. o GUBTENENS L |
8¢ AU ANLRAE ANRNEA GRENGT
. L NIMTFIU . ]
@) GIAEN) o (Alaniy) GIAEN)
GIAEN)
6 14 13.30 2.63 9.16 18.01
7 37 15.49 2.46 7.81 19.40
8 34 16.37 2.52 12.58 23.61
9 27 18.16 2.58 12.56 22.69
10 31 23.14 497 14.11 31.26
(N 22 23.95 5.61 16.46 41.35
12 13 26.22 5.40 16.98 35.48

M15199 2.8 uansangy, Auuidnsannids, Aleds, ANTEUUNIRTEIY, ATFNGALAZ

ANGIQRTBINNAIAD AN NI LB UIBIaS N FRIuT e

. T AT L |
818 AU ALRAE ANRNGA ANGIAN
. —— NIRTFIU . .
) (Alan3y) — (Alaniw) (Alaniw)
(nlansy)
6 14 5.75 1.37 3.40 7.85
7 37 7.18 2.36 3.47 14.10
8 34 7.61 2.64 3.63 14.14
9 27 8.61 1.95 3.32 12.16
10 31 10.15 3.32 4.34 19.51
(N 22 11.97 3.80 518 20.42
12 13 14.25 5.21 6.44 2411




76

M15199 2.9 uansang, Auugidndannidde, Aedt, ANDEUUNIRTTIY, APNGALAZ

ANgaEATBeTNAsaT ANANTadausineaeinFewe

. o GUBTENENS L |
8¢ AU ANLRAE ANRNEA GRENGT
. L NIMTFIU . ]
@) GIAEN) o (Alaniy) GIAEN)

GIAEN)
6 14 13.69 3.51 8.73 23.54
7 37 16.79 5.45 712 36.20
8 34 20.26 7.21 10.63 40.50
9 27 21.88 6.26 10.32 34.86
10 31 2417 8.47 9.92 49.69
(N 22 30.26 9.90 9.14 51.93
12 13 31.09 11.43 12.42 51.87

A151990 2.10 uandeng, A11ugidn9ann939s, Anade, ANDELUNIATTIU, ANRNER

AL ANGIAATRNAIAT ANAMILe InavasinEuT e

. I AT L |
818 AU ALRAE ANRNGA GRUNGT
. _ — NIATFIU . ]
1)) (BE/EN) (Alanin) — Alaniv) GIAEN)
(Alaniw)
6 14 5.54 1.66 3.48 9.85
7 37 6.80 2.41 1.46 12.93
8 34 8.46 2.55 3.51 13.85
9 27 8.97 3.44 411 16.99
10 31 10.62 2.92 6.31 16.32
(N 22 12.13 5.19 3.41 21.41
12 13 13.29 6.10 5.92 27.01
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HALAAINIINAAAL Two-sample T-Test Li_l‘?‘m_n,ﬁﬂuﬁﬁﬁmﬁmné’ﬁmﬂ@Lmumjmﬁﬂm‘;qﬁu
ngNLANTE8TE 6 1
N Mean StDev SE Mean
C1 22 486 1.52 0.32
C5 14 575 137 0.37
Estimate for difference: -0.894
95% Cl for difference: (-1.893, 0.104)
T-Test of difference = 0 (vs not =): T-Value = -1.83 P-Value = 0.077 DF =29

NALAAINNTNAABY Two-sample T-Test iWipufiaurindeatinnduile lnanguiinudeiu
naNANTe7Y 6 1
N Mean StDev SE Mean
C2 22 512 229 0.49
C6 14 554 1.66 0.44
Estimate for difference: -0.415
95% CI for difference: (-1.757, 0.927)
T-Test of difference = 0 (vs not =): T-Value =-0.63 P-Value = 0.534 DF =33

HALAAINITNAAAL Two-sample T-Test Lﬂ?ﬂmﬁﬂuﬁ'\ﬁmﬁmné’mLﬁ@@dquﬁiﬁmﬂzju
ANMENAUNgNIANT188TE 6 1
N Mean StDev SE Mean
C3 22 11.08 3.77 0.80
C7 14 1369 351 0.94
Estimate for difference: -2.61
95% ClI for difference: (-5.14, -0.09)
T-Test of difference = 0 (vs not =): T-Value =-2.11 P-Value = 0.043 DF =29
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NALARINIMAGaL Two-sample T-Test WRuiiaumdsadnndaiedenguiinudei
ngNLANTE8TE 6 1
N Mean StDev SE Mean
C4 22 12.84 227 048
C8 14 13.30 2.63 0.70
Estimate for difference: -0.460
95% Cl for difference: (-2.222, 1.302)
T-Test of difference = 0 (vs not =): T-Value = -0.54 P-Value = 0.595 DF =24

HALAAINIINAREL Two-sample T-Test Lﬂ?ﬁmﬁﬂuﬁ'\ﬁmﬁmné’ﬁmﬁ@Lmumjmﬁﬂu@qﬁu
ngNLANT1E8e 7 U
N Mean StDev SE Mean
C9 35 6.00 190 0.32
C13 37 718 2.36 0.39
Estimate for difference: -1.178
95% ClI for difference: (-2.184, -0.172)
T-Test of difference = 0 (vs not =): T-Value =-2.34 P-Value = 0.022 DF =68

NALAAINNTNARBY Two-sample T-Test WRzuifiauindsatinndnsiile nanguiinmeiu
ngNLANT1E8e 7 U
N Mean StDev SE Mean
C10 35 5.09 1.63 0.28
C14 37 6.80 241 0.40
Estimate for difference: -1.715
95% ClI for difference: (-2.680, -0.751)
T-Test of difference = 0 (vs not =): T-Value = -3.55 P-Value = 0.001 DF =63
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HALAPNNNINAAAL Two-sample T-Test Li_l‘?‘m_n,ﬁﬂuﬁﬁﬁmﬁmné’mLﬂ@mur}mjmjm
nuegeiunguiananeang 7 1
N Mean StDev SE Mean
C11 35 13.39 559 0.95
C15 37 16.79 545 0.90
Estimate for difference: -3.40
95% Cl for difference: (-6.00, -0.80)
T-Test of difference = 0 (vs not =): T-Value = -2.61 P-Value = 0.011 DF =69

NALAAINNTNARBY Two-sample T-Test Wizuifiauindeatandaifedlenganinmdiy
ngNLANT1E8e 7 U
N Mean StDev SE Mean
C12 35 14.45 2.80 0.47
C16 37 1549 246 0.40
Estimate for difference: -1.038
95% ClI for difference: (-2.279, 0.204)
T-Test of difference = 0 (vs not =): T-Value =-1.67 P-Value = 0.100 DF =67

NALAAINNTNAABY Two-sample T-Test Wlzuilauindeatinndaiife WAUNGHANUEYNTL
naNAnTeeny 8 I
N Mean StDev SE Mean
C17 25 7.86 2.34 047
C21 34 761 264 045
Estimate for difference: 0.250
95% ClI for difference: (-1.055, 1.555)
T-Test of difference = 0 (vs not =): T-Value = 0.38 P-Value = 0.702 DF =54
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NALARINIMAGaL Two-sample T-Test WRuautdsadnnduiitelvanguinuderiy
ngNANTIEane 8 U
N Mean StDev SE Mean
C18 25 6.87 2.70 0.54
C22 34 846 255 044
Estimate for difference: -1.588
95% Cl for difference: (-2.984, -0.191)
T-Test of difference = 0 (vs not =): T-Value = -2.28 P-Value = 0.027 DF =50

HALAAINITNAAAL Two-sample T-Test Lﬂ?ﬁmﬁﬂuﬁ'\ﬁmﬁmné’mLﬁ@@dquﬁiﬁmﬂzju
AnwEgNAUNgRiAnTeang 8 1
N Mean StDev SE Mean
C19 26 1812 7.65 1.5
C23 34 2026 7.21 1.2
Estimate for difference: -2.14
95% ClI for difference: (-6.09, 1.81)
T-Test of difference = 0 (vs not =): T-Value =-1.09 P-Value = 0.282 DF =50

NALAAINNTNAABY Two-sample T-Test Wzuiflaurndestnndaifedlenganinmdiy
naNAnTeeny 8 I
N Mean StDev SE Mean
C20 25 15.75 2.35 0.47
C24 34 16.37 252 0.43
Estimate for difference: -0.626
95% ClI for difference: (-1.907, 0.656)
T-Test of difference = 0 (vs not =): T-Value = -0.98 P-Value = 0.332 DF =53
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HALAAINIINAAAL Two-sample T-Test Li_l‘?‘m_n,ﬁﬂuﬁﬁﬁmﬁmné’ﬁmﬂ@Lmumjmﬁﬂm‘;qﬁu
ngNANTIEeE 9
N Mean StDev SE Mean
C25 29 819 243 045
C29 27 8.61 1.95 0.38
Estimate for difference: -0.422
95% ClI for difference: (-1.601, 0.757)
T-Test of difference = 0 (vs not =): T-Value = -0.72 P-Value = 0.476 DF =52

NALAAINNTNAABY Two-sample T-Test iWipufiaurindeatinnduile lnanguiinudeiu
naNAnTeeny 9 U
N Mean StDev SE Mean
C26 29 6.33 2.33 0.43
C30 27 8.97 3.44 0.66
Estimate for difference: -2.638
95% ClI for difference: (-4.231, -1.046)
T-Test of difference = 0 (vs not =): T-Value =-3.34 P-Value = 0.002 DF =45

HALAAINITNAAAL Two-sample T-Test Lﬂ?ﬂmﬁﬂuﬁ'\ﬁmﬁmné’mLﬁ@@dquﬁiﬁmﬂzju
ANWEgNUNgNAnT1eeTE 9 1
N Mean StDev SE Mean
C27 29 1791 531 0.99
C31 27 21.88 6.26 1.2
Estimate for difference: -3.98
95% ClI for difference: (-7.10, -0.85)
T-Test of difference = 0 (vs not =): T-Value = -2.55 P-Value = 0.014 DF = 51
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NALARINIMAGaL Two-sample T-Test Wiuiiaufdsadnndaifedenguifnudei
ngNANTIEenE 9 1
N Mean StDev SE Mean
C28 29 16.51 2.33 043
C32 27 18.16 2.58 0.50
Estimate for difference: -1.645
95% Cl for difference: (-2.967, -0.324)
T-Test of difference = 0 (vs not =): T-Value = -2.50 P-Value = 0.016 DF =52

HALAAINIINAREL Two-sample T-Test Lﬂ?ﬁmﬁﬂuﬁ'\ﬁmﬁmné’ﬁmﬁ@Lmumjmﬁﬂu@qﬁu
naNANTI8aTY 10 1
N Mean StDev SE Mean
C33 36 9.36 241 040
C37 31 1015 3.32 0.60
Estimate for difference: -0.785
95% ClI for difference: (-2.227, 0.658)
T-Test of difference = 0 (vs not =): T-Value =-1.09 P-Value = 0.280 DF =53

NALAAINNTNAABL Two-sample T-Test Whpufiaurindeatinndaile lnanguiinuderiu
naNANT 88 10 1
N Mean StDev SE Mean
C34 36 8.26 245 0.41
C38 31 10.62 2.92 0.53
Estimate for difference: -2.362
95% Cl for difference: (-3.693, -1.031)
T-Test of difference = 0 (vs not =): T-Value = -3.55 P-Value = 0.001 DF =58
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HALAPNNNINAAAL Two-sample T-Test Li_l‘?‘m_n,ﬁﬂuﬁﬁﬁmﬁmné’mLﬂ@mur}mjmjm
wnuegeiunguiananeang 10 1
N Mean StDev SE Mean
C35 36 21.86 6.71 1.1
C39 31 2417 847 1.5
Estimate for difference: -2.31
95% Cl for difference: (-6.09, 1.48)
T-Test of difference = 0 (vs not =): T-Value = -1.22 P-Value = 0.227 DF =56

NALAAINNTNARBY Two-sample T-Test Wizuifiauindeatandaifedlenganinmdiy
naNANTI8aTY 10 1
N Mean StDev SE Mean
C36 36 22.02 495 0.83
C40 31 23.14 497 0.89
Estimate for difference: -1.13
95% ClI for difference: (-3.55, 1.30)
T-Test of difference = 0 (vs not =): T-Value =-0.93 P-Value = 0.358 DF =63

NALAAINNTNAABY Two-sample T-Test Wlzuilauindeatinndaiife WAUNGHANUEYNTL
nguLANTIEang 11 1
N Mean StDev SE Mean
C41 12 11.09 2.78 0.80
C45 22 1197 3.80 0.81
Estimate for difference: -0.88
95% ClI for difference: (-3.22, 1.46)
T-Test of difference = 0 (vs not =): T-Value =-0.77 P-Value = 0.446 DF =28
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NALARINIMAGaL Two-sample T-Test WRuautdsadnnduiitelvanguinuderiy
ngNANTEeng 11 1
N Mean StDev SE Mean
C42 12 913 3.14 0.9
C46 22 1213 519 1.1
Estimate for difference: -3.00
95% Cl for difference: (-5.92, -0.08)
T-Test of difference = 0 (vs not =): T-Value = -2.10 P-Value = 0.044 DF = 31

HALAAINITNAAAL Two-sample T-Test Lﬂ?ﬁmﬁﬂuﬁ'\ﬁmﬁmné’mLﬁ@@dquﬁiﬁmﬂzju
wnedeiunguisnaneang 111
N Mean StDev SE Mean
C43 12 25.94 9.93 29
C4r 22 30.26 9.90 2.1
Estimate for difference: -4.32
95% ClI for difference: (-11.71, 3.06)
T-Test of difference = 0 (vs not =): T-Value =-1.21 P-Value = 0.238 DF =22

HALARINNINAGEY Two-sample T-Test uRauflauidssdand uitlouausliodinudedu
nguLANTIEang 11 1
N Mean StDev SE Mean
C44 12 21.98 3.68 1.1
C48 22 23.95 5.61 1.2
Estimate for difference: -1.98
95% ClI for difference: (-5.24, 1.29)
T-Test of difference = 0 (vs not =): T-Value = -1.23 P-Value = 0.227 DF =30
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HALAAINIINAAAL Two-sample T-Test Li_l‘?‘m_n,ﬁﬂuﬁﬁﬁmﬁmné’ﬁmﬂ@Lmumjmﬁﬂm‘;qﬁu
ngNANTEane 12 1
N Mean StDev SE Mean
C49 4 1294 3.03 15
C53 13 1425 521 14
Estimate for difference: -1.32
95% Cl for difference: (-6.05, 3.42)
T-Test of difference = 0 (vs not =): T-Value = -0.63 P-Value = 0.545 DF =9

NALAAINNTNAABY Two-sample T-Test iWipufiaurindeatinnduile lnanguiinudeiu
nguLANgEang 12 1
N Mean StDev SE Mean
C50 4 10.03 2.00 1.0
C54 13 13.29 6.10 1.7
Estimate for difference: -3.26
95% ClI for difference: (-7.47,0.96)
T-Test of difference = 0 (vs not =): T-Value =-1.66 P-Value = 0.120 DF = 14

HALAAINITNAAAL Two-sample T-Test Lﬂ?ﬂmﬁﬂuﬁ'\ﬁmﬁ[ﬂﬂé’mLﬁfamurﬁiwjmju
nugaiunguisnaeene 12
N Mean StDev SE Mean
C51 4 30.32 6535 2.7
C55 13 311 114 3.2
Estimate for difference: -0.76
95% ClI for difference: (-9.89, 8.37)
T-Test of difference = 0 (vs not =): T-Value = -0.18 P-Value = 0.857 DF = 11
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NALARINIMAGaL Two-sample T-Test WRuiiaumdsadnndaiedenguiinudei
ngNANTEane 12 1
N Mean StDev SE Mean
C52 4 2899 391 20
C56 13 26.22 540 1.5
Estimate for difference: 2.76
95% Cl for difference: (-3.26, 8.79)
T-Test of difference = 0 (vs not =): T-Value = 1.12 P-Value = 0.305 DF =6

NALAAININAFEL Paired T-Test iFeuauindaadand e usniusidsadnnd il
TwavesiinGaueny 6
N Mean StDev SE Mean
C1 36 5.206 1.507 0.251
Cc2 36 5.281 2.054 0.342
Difference 36 -0.075 1.951 0.325
95% CI for mean difference: (-0.735, 0.585)
T-Test of mean difference = 0 (vs not = 0): T-Value = -0.23 P-Value = 0.819

HALAAINIINAAEL Paired T-Test Lﬁﬂmﬁﬁuﬁﬁﬁmﬁmm’iwLﬁ@dquﬁiﬁajﬁuﬁﬁﬁmﬁm
nénaifedlevesin@uneny 6 1
N Mean StDev SE Mean
C3 36 12.097 3.846 0.641
C4 36 13.017 2.389 0.398
Difference 36 -0.920 3.599 0.600
95% CI for mean difference: (-2.138, 0.298)
T-Test of mean difference = 0 (vs not = 0): T-Value = -1.53 P-Value = 0.134
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HALLAAINIINAKDL Paired T-Test Lﬂ?ﬂULﬁHUﬁ’]ﬁQ@aﬁmﬁ’mLﬁ@LL‘HuﬁUﬁ’]ﬁﬂﬂﬁﬁmﬁ’mL‘ﬁﬂ
TuanesiinEaueng 7 1
N Mean StDev SE Mean
C5 72 6.603 2.216 0.261
C6 72 5971 2.229 0.263
Difference 72 0.633 1.908 0.225
95% ClI for mean difference: (0.184, 1.081)
T-Test of mean difference = 0 (vs not = 0): T-Value = 2.81 P-Value = 0.006

HALAAINIINAAEL Paired T-Test Lﬁﬂmﬁﬂuﬁﬁﬁmﬁmm’iwLﬁ@dquﬁiﬁajﬁuﬁﬁﬁmﬁm
nénuiifefleresinGeuany 7 3
N Mean StDev SE Mean
cr7 72 15.133 5.740 0.676
C8 72 14.982 2.662 0.314
Difference 72 0.152 5.462 0.644
95% CI for mean difference: (-1.132, 1.435)
T-Test of mean difference = 0 (vs not = 0): T-Value = 0.24 P-Value = 0.814

NALAAININAFEL Paired T-Test i Rpuiuindaadand e usniusidsadnnduile
TwavesiinGaueny 8 1
N Mean StDev SE Mean
C9 59 7.711 2.498 0.325
C10 59 7.785 2.712 0.353
Difference 59 -0.074 2.725 0.355
95% CI for mean difference: (-0.784, 0.636)
T-Test of mean difference = 0 (vs not = 0): T-Value = -0.21 P-Value = 0.835
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HALAAINIINAAAL Paired T-Test Li_l‘?fﬂmﬁﬂuﬁﬁﬁmamm’imLﬂ@@dqurﬁmjﬁuﬁﬂﬁmﬁm
nénaifeflevesin@uueny 8 1
N Mean StDev SE Mean
C11 59 19.356 7.411 0.965
C12 59 16.108 2.451 0.319
Difference 59 3.248 6.816 0.887
95% ClI for mean difference: (1.472, 5.024)

T-Test of mean difference = 0 (vs not = 0): T-Value = 3.66 P-Value = 0.001

NALAAININAFEL Paired T-Test iFeuauindaadand e usniusidsadnnd il
TwavesiinGaueny 9 1
N Mean StDev SE Mean
C13 56 8.396 2.205 0.295
C14 56 7.602 3.182 0.425
Difference 56 0.794 3.151  0.421
95% CI for mean difference: (-0.049, 1.638)
T-Test of mean difference = 0 (vs not = 0): T-Value = 1.89 P-Value = 0.065

HALAAINIINAAEL Paired T-Test Lﬁﬂmﬁﬁuﬁﬁﬁmﬁmm’iwLﬁ@dquﬁiﬁajﬁuﬁﬁﬁmﬁm
nénuifedlevesin@uneny o 1
N Mean StDev SE Mean
C15 56 19.823 6.076 0.812
C16 56 17.306 2.569 0.343
Difference 56 2.517 5.742 0.767
95% CI for mean difference: (0.979, 4.054)
T-Test of mean difference = 0 (vs not = 0): T-Value = 3.28 P-Value = 0.002
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NALAAINITNARRL Paired T-Test L‘Ll?f;l‘}.ll,ﬁﬁl‘i_lﬁ’]ﬁ\mﬁﬁmﬁmLﬁ@muﬁuﬁﬂﬁmﬁlﬂﬂﬁﬂmﬁﬂ
TuanesiinEauany 10 1)
N Mean StDev SE Mean
C17 67 9.726 2.873 0.351
C18 67 9.356 2.911 0.356
Difference 67 0.370 3.185 0.389
95% ClI for mean difference: (-0.407, 1.147)
T-Test of mean difference = 0 (vs not = 0): T-Value = 0.95 P-Value = 0.345

HALAAINTINAAEL Paired T-Test L‘Ll?ﬂmﬁﬂuﬁﬁﬁmﬁmm’iwLﬁ@dquﬁiﬁajﬁuﬁﬁﬁmﬁm
néuiileieresiindaueny 101
N Mean StDev SE Mean
C19 67 22.931 7.604 0.929
C20 67 22.540 4.955 0.605
Difference 67 0.391 6.631 0.810
95% CI for mean difference: (-1.226, 2.009)
T-Test of mean difference = 0 (vs not = 0): T-Value = 0.48 P-Value = 0.630

NALAAININAFEL Paired T-Test tBuuiurdaadand v usniusidsadnnd il
TuanesiinEauany 111
N Mean StDev SE Mean
C21 34 11.663 3.455 0.592
C22 34 11.074 4.751 0.815
Difference 34 0.589 3.606 0.618
95% CI for mean difference: (-0.670, 1.847)
T-Test of mean difference = 0 (vs not = 0): T-Value = 0.95 P-Value = 0.348
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HALAAINIINAAAL Paired T-Test Li_l‘?fﬂmﬁﬂuﬁﬁﬁmamm’imLﬂ@@dqurﬁmjﬁuﬁﬂﬁmﬁm
néaifefleresin@uueny 11 1
N Mean StDev SE Mean
C23 34 28.74 9.98 1.71
C24 34 23.26 5.05 0.87
Difference 34 548 8.93 1.53
95% CI for mean difference: (2.36, 8.60)
T-Test of mean difference = 0 (vs not = 0): T-Value = 3.58 P-Value = 0.001

NALAAININAFEL Paired T-Test tRaLifiaufdeadand e usniusidsadnnduile
TuaaasinEaueny 12 1
N Mean StDev SE Mean
C25 17 13.94 473 115
C26 17 12.52 554 1.34
Difference 17 1.42 422 1.02
95% CI for mean difference: (-0.75, 3.59)
T-Test of mean difference = 0 (vs not = 0): T-Value = 1.39 P-Value = 0.183

HALAAINIINAAEL Paired T-Test Llﬁfﬂmﬁﬂuﬁﬁﬁmamm’iwLﬁ@dquﬁiﬁajﬁuﬁﬁﬁmﬁm
nénaifedlerenin@aueny 12 1
N Mean StDev SE Mean
c27 17 30.91 1017  2.47
Cc28 17 26.87 512 1.24
Difference 17 4.04 8.62 2.09
95% CI for mean difference: (-0.40, 8.47)
T-Test of mean difference = 0 (vs not = 0): T-Value = 1.93 P-Value = 0.072



MARNUIN

NINUDIAIUFTE JUBIFTHNLUAZAAAULNAINIA

93



A9 9.1 UandeyadndanaesTudousine)reeiianie

94

AU AAUENANaTE Uiy

ANENA U A N1

AndouiiafeuiuNIa1ad

. . TN (%)
A7UYANITINNNE
(Proximal)
LWATE WAL LWATE WAL
Hauazuau 68.2 68.2 22 1.8
AR
LAUAIULIU 45.72 46.62 3.31 2.63
AFLazATEE 41.90"” 41.90?
o = 56.60 53.64
69.69 69.69
YA 44.09 39.79 10.15 13.41
P1AIUA 42.65 41.15 4.97 4.19
Wi 40.54" 33.90 1.53 1.15
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ANUNTUNDLALLUURIURG

L‘;‘nsmt"}‘

AN a2 falusuAuazlaannIznisadadan

W, sinf, = Lm‘ﬁLﬁmmnmﬁmﬁﬁﬁmaﬁmﬁmLﬂ@@dquﬁmjz 25.67sin89.38°(9.81) = 251.81
Hasu
@mmqﬁl 4.1 HOAURINAUATUIUEIUAS My, = NIRRIT9NNE x(4.4)/(2x100) =
30.9x0.022 nn.
W, = Lrafisanninindeuasurudauan = M, g = (30.9x0.022)(9.81) = 6.67 H1FL
M= T Lmuﬁﬁwﬁﬁ%mmﬁﬂ?ﬂmm@Mﬁm’
Fro = WINANS IUAANISUUINEULNY X ﬁ%’@ﬂ@mﬁ@ﬁ*ﬂm@u@mﬁm
Fl. =UI9ANS LURANISUUIUALINY Y ﬁ%’@ﬂ@mﬁ@ﬁ*ﬂmmamﬁm
SL, = Anuganilatedasan = 0.2872 lwms
@mmﬁ' a1 [, = awdsaudnateuos Aalu %ued SL dnandaden = 68.2%
SF,=F,. =0
SF,= F,, -(W,sin®, /2) -W_, =0
F,., = (Wsin8, /2)+W,, = (251.81/2)+6.67 = 132.57 {nfiu (W, 119409 d1mFLuavusazdng)
SM = M_- (W,sinB,/2) SL, cos8, - W, [ 1, SL, cos, Tufe dusuuauusasdng
M, = (W,sinfl,/2) SL, cosB, - W,,, L], SL, cosf,

= (125.90x0.2872xc0563.03%)+ (6.67x0.682x 0.2872xc0s63.03°) = 16.99 HUFU-LUAT
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M. = 16.99 HIFU-LHAT

M= Iinusansnin luaiainuaunaatngd
e Ay

Fys = WaANS TuiiAn1auiouauuny X i luaiieinmnaunasin

' |
1A o

Fos “UNANS AN 1auuuauuwny Y A luaivainmannaaiie

SL, = AnugaIntadaniaia g = 0.2861 wms

@mmﬁ' a1 L, = swdegudnananog Anilu %wee SL panvialua = 46.62%
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I\/IS =16.99+ (7.97x0.4662x0.2861xc0s79.07°) + (132.57x0.2861xc0s79.07°)= 24.38 1
AL GIS
AIUTURIA

AUBRIAFIEUAAN L5/ST mL‘flu‘wu@mmmmmmqwmmﬂummumamu

@mﬁﬁﬂ (Iumber)ﬁuﬂiz@ﬂﬂuﬂu

Ry,

AN 9.4 B9 THINUF LA S NN FENFR A 60

@mmqﬁl 3.1 HIRTBNAIAD M, = NARTBITIINIE X (53.64)/(100) = 30.9x0.5364 nn.
W, = LsetfisunanuaaTesad = m, g = (30.9x0.5364)(9.81) = 162.60 Hpiu
Fe=0

F.o = 140.54 @ luadnaimen) 281.08 dasiu(iia lnaaasdng)

M = 24.38 Tosiu-lums(inlnadnanen) 48.76 fasu-as(iluaaasing

M, = T sfanaTiL5/s1 Lﬁ@’a‘”ﬂmzﬁuﬁgmamﬁ

Fyr = WINANS IAAN1SLUIUEULNY X 7l Ls/st Lﬁ@ﬁ*ﬂm@u@@mam

F,, =usednglufiamiauuaueuunu Y 7 L5/s1 Lﬁ@ffﬂwmuﬂmam

SL, = ANENRAINATFIAN L5/ST Datialua = 0.335 1ims

@mmqﬁl a1 L, = sudsgudnatantaesansia Andu %ues SL 9aan L5/S1 =
69.69%

SF,=-Ft+Fn;=0

SF,=-F, - W, +F, =0

F,. = Fs + W, = 281.08+162.60 = 443.68 sl
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SM =M,-Mg-W, L], SL, cosB, - F,g SL, cosB, - F 'SL, sinfl, =0
M, = 48.76+(162.60x0.6969 x0.335xc0s44.12°)+(281.08x0.335xc0s44.12°)= 143.61 1la
FU-LNAT

ATNNITANUITURLLAUINENANF D LUANARADATUAV THLNUAANS 143.61  WAAU-LNAT

kTl q

o o o

% = dld 1 a o Y % a . |
%mﬂ\m‘iuLuumwmmmmmumau’m‘umﬂm\‘lm\mumm NIANNRIN erector spinae 1w

o

Y X a4 Ao g Ak o b = @ °

ndnuitlagainea i naea s iannanqgn L5/S1 15nfiara1unsnAuaiIuIATadus
o X

nauilagaills

o v Ao 4 4 X ,

LA F, = WNadavingesinga L5/ST Tfnannuseaananaiide erector spinae

D = wauluLNUE erector spinae AN L5/S1
@uumﬁmuiuLuuﬁ‘fmmmﬂé’mL‘ﬁ@ erector spinae 1 0.04 1Az AN L5/ST Farf
M; = Fye d
143.61 = F,, (0.04)
Fc = 143.61/0.04 = 3,590.25 1514
F,= N@ﬁ"m‘ﬂ‘ﬂ\‘lLL?\?SLHLLHQ%\Tﬁﬂ?ZﬁWﬁ@ﬂuﬂuﬁ‘ﬂﬂﬂﬁ‘t@jﬂ L5/S1M% 44.12
= (2W,,, +2W,, +W,) = (2(6.67)+2(7.97)+162.60 = 191.88 T}
WIzaT NATINTRILNEATINIAEMAENI RN TN L5/ST

Fo=F,+F, = 3,590.25 + 191.88 = 3,782.13 {lasiu



101

ALY (AINNNTATNILNSLLLNNNLEE)

v
o o o

wniFauvdedulszanAnmDy 5 a1g 10 T dantinga 30.9 Alaniu azwianszi

LN 4.21 Dlansu

4.21k

waaatu L5551
5 = i

6 = dawin

-6;
MNA 2.5 49 Free body ULLANaadlAINa 19T 9neasazniansziin
ANNAFU
49
. oy e inwy o
" guinauaasgaenliidasuutasuazannsounusinunisldfaaqainen
" fenevigesteannaneiy indiousrinaanarininszang1eanaanviniu uaz
ANNENIBIAIUANT VT B UAT A LIYINAY
" ANNATINAT0IAIUFN9]IB9TNNNELAZAAAUEN AN AT uAN E AN 1RE R AL
w091y
MnsArumnauIanssLaz T ufaunsei lfIun Areauseda LAz LR ULIY
= [% X . A o D '
L5/S1 MABAAUIUIATEILINANNANNLIURYEY erector spinae M liFenTaeglunay

ANAARD



102

ANUNTURIA

AaurB9a A AugaT L5/ST Tuflunnenseinszgnizudansegniuddouaneviau

9

4nviel (lumber)iuNsEANAUNL

SL,

Moa T Fyr

F =T
(V.

W
it 2.6 deluimusuazussiinssiinsiesnsi
W, = usaiifistwiiasannnisasnaanszininden = W g = 4.21x9.81 = 41.30 sy
M, = T sanaTILS/S 1 Lﬁ@ﬁ*ﬂwmu@@aamﬁ
Fyr = WINANS IAAN LU UAULAY X 7l L5/St Lﬁ@%ﬂmmu@@mam
For =UIANS LUNANIUUIBAULAL Y 7l L5/st Lﬁ@ﬁ?ﬂm@u@mam
SL, = AuaNRaeanszDe L5/S1 = 0.22 RS
aundal [, = Awdegudnaransaresnszil Al %28 SL 4ra0n L5/S1 = 63.63%
SF,= F,.=0 SF,= F, - W, =0
Fr =W, = 42.28 Uasiu
M

SM=M,-M =M-W, L] s, =0

Bag - body

M, =W, L], SL, = 41.30x0.6363x0.22= 5.78 UFU-LNAT

ilo F_ = usnedaiinszinse L5/St Seifnannussiendmiile erector spinae
D = wauluLNUE erector spinae 1N L5/S1

zﬁmﬁiﬁmuiuLuuﬁmmmﬂa”mL‘ﬁ@ erector spinae 1l 0.04 WAz a1n L5/S1 fari
M,=Fg d
5.78 = F(0.04)
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