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ABSTRACT

This study examined the wearability of cold-weather military outerwear using a posture
assessment and a mobility protocol that simulates a range of combat scenarios, including
shooting, crawling, grenade throwing, and sprinting. Nine male subjects participated in this
assessment under three clothing conditions: Control (the current jacket), Improved A (a wider
and longer jacket with an improved hood), and Improved B (a wider and longer jacket with
a different hood design). All three military jackets were made from identical materials. The
subjects felt more restricted in the Control jacket than the Improved A and B jackets, especially
when bending or twisting their arms and waist (/X0.05). During the mobility test, the
microclimate humidity on the chest and back exceeded 80%RH, with no significant differences
among the three conditions. Despite no significant differences in thermal sensation or humidity
perception, the subjects reported feeling less comfortable in the Control jacket than in the
Improved A jacket (X0.05). Individual interviews highlighted issues with the Control jacket,
such as restricted fit, discomfort in the hood, and impaired visibility. In contrast, the Improved
A and B jackets produced enhanced psychological comfort, suggesting combat and training
performance benefits. Thus, improving the size and hood design of a jacket without altering
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the materials can enhance mobility during various activities.

Key words: cold protective clothing, cold weather clothing, military cold protective

jacket, comfort, fit, mobility
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Table 1. Anthropometric characteristics of the subjects in the present study

No. Age (y) Height (cm)  Body weight (kg) BMI (kg/m?) Body fat (%)  Military service
1 21 176 57.2 18.5 5.1 O
2 25 172 66.4 22.9 16.5 O
3 24 177 76.0 243 13.5 O
4 23 177 72.1 23.0 14.3 O
5 23 176 74.5 24.1 17.4 O
6 22 181 84.6 25.8 19.7 O
7 32 170 71.7 26.9 239 O
8 27 174 81.1 27.1 24.0 X
9 23 177 79.3 25.3 17.9 O

Mean 24.4 175.6 74.3 24.2 16.9
SD 33 3.2 8.3 2.6 5.8
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Hood and neck
connected

Armpit vents
(zippers)

No placket

¢ Chest width:
57.5cm
* Overall length:
72.5cm

Hood and neck Hood and neck
seperated seperated
Upper arm Armpit vents
vents (zippers) (4 stitch holes)

With placket With placket
+  Chest width: +  Chest width:
64 cm 6% cm

+ Overall length:
87 cm

+ Overalllength:
76.5cm

Fig. 1. Three types of military outer jackets used in the present study.
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Table 2. Posture assessment according to the body parts

Body ody

Posture Image Posture Image
part
1. Extendi he head . . .
xten 16 arms b over the hea 6. Twisting the waist from side to el
and bending them down toward & . &
side
the back
2. Stretching arms down alongside . . .
7. Bend h t f d
the body, bending toward the ‘en 10§ the wast from side to
side
body
Arms 3. Stretching .arms forth at shoulder Waist 8. Bending the torso forward
level, bending toward the body
4. Raising forearms to the chest, = &
extending them out, and bending 9. Bending the torso backward
toward the body JJ
5. Stretching arms forth at shoulder 10. Touching the ground and
level, crossing them standing up straight
11. Squatting down and getting up % 15. Rolling the neck IE|
: I
12. Squatting down 16. Bending the head down
Head
Legs ead/

13. Raising each leg to waist level 17. Stretch the neck back

5" | b
j=)
3
—

14. Lunging forward one leg at a

-y)
=
g W

time

F-%a} 18. Turning the head left and right
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Table 3. Composing questions for the posture assessment

Body part (Number of postures)

Head & neck

No. Question Arms (5) Waist (5) Legs (4) . @ fec
12 3 45 6 7 8 9 101112 13 14 15 16 17 18

Q1 Do you feel restricted while posing? OO0 00000000 0O0O0O0O0OO0O0O0

Do you feel like your top (length) becomes

©)

Q2 O00O0OO0OO0OO0OO0OO0OO0OO0OO0OO0O0

shorter when you pose?
Do you feel your sleeves are becoming

Q3 O0O0O0O0O0O0OO0OO0OO0OO0OO0OO0O0O0

shorter when you pose?

o4 Do you think the hood is uncomfortable 0000000000 OO0 0O

while posing?
Do you feel like your bottoms become

Q5

shorter when you pose?
Do you feel like your jacket and pants do

Q6 OO0 O0OO0OO00OO0OO0OO0OO0OO0OO0OO0OO0

not fit well while posing?
Do you feel like certain parts of your

Q7 OO0 000000 O0OO0OO0OO0OO0OO0

clothing are loosening while posing?

2. HPASE WA BE A ARE  HER PAHA0E W 24 ¥, 14
S 28l 7 S 524 fASGT, o] TEA ek, 24 “BEOITY, 39 I, 43
% 7t Mo Bl e AFe] ST whe AgTH),

(Table 3). A4 H2: % E3H15~18% 2]

A ) 95 23] AR1W, 6~109 AA)o] 4. 359
AgHgon], 2 go] qg 9 548 PAE T B RREE IS0l F2 449
=

Step 3

: ®
RN ..o . R
®

Step 5

Throwing a grenade

Step 1: [Shooting] Squatting — Kneeling on one knee — Standing — Lying face down — Kneeling on one knee
— Standing; Step 2: [Prone moving] Low crawling — High crawling — Modified crawling; Step 4: [Throwing a

grenade] Standing grenade throw without a grenade (position only).

Fig. 2. Mobility test protocol to simulate outdoor combat training in the present study.
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Fig. 3. Responses to “Q1. Do you feel restricted when posing?”
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Table 4. Responses to the seven questions: posture assessment according to the arm joints

Posture Control Improved A Improved B P-value
Q1 1.2 + 1.1 0.9% + 0.9 0.0> = 0.0 0.013

Q2 19 + 1.1 14 1.0 1.0 + 0.7 0.154

(7 Q3 08 = 1.0 09 =+ 1.1 1.1 +13 0.810
A Q4 04 * 0.7 01 *03 03 £ 1.0 0.628
llL Q5 01 =03 00 £ 0.0 0.0 % 0.0 0.383
Q6 03 % 0.7 01 %03 02 % 0.7 0.732

Q7 01 =03 09 =+ 09 1.0 = 15 0.162

Q1 1.3* £ 1.0 03> + 05 0.0° £ 0.0 <0.001

Q2 04 + 0.7 03 + 05 0.1 + 03 0.430

Q3 0.7 * 1.0 06 =+ 0.7 04 + 05 0.833

Q4 0.0 + 0.0 0.1 03 0.1 + 03 0.613

Q6 02 + 0.7 0.0 =+ 0.0 0.0 = 0.0 0.383

Q7 0.0 + 0.0 0.0 =+ 0.0 04 + 0.7 0.051

Q1 2.1 + 1.1 09> + 08 0.0 + 0.0 £0.001

Q2 08 * 1.1 02 =+ 0.7 02 * 04 0.240

Q3 08 % 0.7 1.0 =10 04 % 05 0.311

Q4 03" = 0.5 0.0> + 0.0 0.0> £ 0.0 0.032

Q6 03 %= 1.0 00 £ 0.0 0.0 % 0.0 0.383

Q7 0.0 % 0.0 00 £ 0.0 03 £ 0.7 0.157

Q1 09 + 1.3 0.7 + 09 0.0 + 0.0 0.108

Q2 0.6 * 1.0 08 =+ 1.1 04 + 05 0.736

=) & Q3 02 + 04 03 + 05 02 + 04 0.841
Q4 0.1 +03 0.1 03 0.1 + 03 1.000

JJL Q6 0.1 +03 01 03 02 + 04 0.768
Q7 0.0° + 0.0 0.7 + 1.3 1.3* + 1.0 0.024

Q1 170 £ 1.0 04> + 0.7 0.1" + 0.3 £0.001

Q2 04 % 05 02 =+ 04 0.0 % 0.0 0.079

Q3 0.6 % 0.5 11 +12 08 * 1.1 0.485

Q4 01 =03 01 %03 04 % 1.0 0.461

Q6 02 % 0.7 00 £ 0.0 0.0 % 0.0 0.383

Q7 03 + 1.0 03 =+ 0.7 08 = 1.1 0.526

‘s‘

b, and ‘ab’ represent the significant differences among the three conditions

according to the Tukey’s

post hoc test at /X0.05. The data are expressed as Mean * SD.
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Table 5. Responses to the seven questions: posture assessment according to the waist joints

Posture Control Improved A Improved B P-value
Q1 03 + 05 0.1 + 03 0.0 + 00 0.138
Q2 01 + 03 0.0 + 0.0 0.0 + 00 0.383
i Q3 0.0° £ 0.0 0.3® + 0.5 0.0° £ 0.0 0.032
4 Q4 02 + 04 0.1 + 03 01 + 03 0.768
Q5 0.0 + 0.0 0.0 + 0.0 00 + 0.0
Q6 03 + 0.7 0.1 + 03 00 + 00 0.298
Q7 0.2° £ 0.7 0.0 + 0.0 1.0° + 14 0.066
Q1 0.6 + 09 0.1 + 03 0.0 + 0.0 0.093
Q2 0.6* = 0.9 0.0* + 0.0 0.0° + 0.0 0.044
Q3 0.0 + 0.0 0.0 + 0.0 0.0 + 0.0 -
Q4 03 + 0.7 0.1 + 03 03 + 1.0 0.761
Q5 0.1 + 03 0.0 + 0.0 0.0 + 0.0 0.383
Q6 03 + 05 0.1 + 03 0.0 + 00 0.138
Q7 0.1° £ 0.3 0.1°* + 0.3 0.9° + 09 0.015
Q1 1.0° + 1.0 0.1° + 03 02° + 04 0.017
Q2 03 + 0.7 0.7 + 0.7 01 + 03 0.171
$\ Q3 0.0 + 0.0 0.1 + 03 00 + 0.0 0.383
Or Q4 04 + 05 02 + 04 02 + 07 0.622
Q5 0.0 + 0.0 0.0 =+ 0.0 0.0 + 00 -
Q6 04 + 0.7 02 + 04 01 + 03 0.407
Q7 04 + 0.7 04 =+ 1.0 14 + 14 0.142
Q1 L1* + 1.1 0.3 + 0.7 0.2> + 04 0.046
Q2 0.7 + 09 02 + 04 0.1 + 03 0.131
%’3 Q3 0.0 + 0.0 0.0 + 00 0.0 + 00 -
'Ifl Q4 1.0 £ 13 08 + 1.0 03 + 1.0 0.443
W Q5 0.0 + 0.0 0.0 + 0.0 0.0 + 0.0
Q6 03 + 0.7 02 + 04 01 + 03 0.666
Q7 0.0 + 0.0 0.0 + 0.0 02 + 04 0.123
Q1 L7 £ 1.0 0.8 + 1.1 04> + 0.7 0.033
Q2 09 + 09 08 + 0.7 04 + 05 0.415
Q3 0.4> + 0.7 1.8 + 1.2 0.8* + 0.8 0.017
Q4 0.7 + 09 03 + 05 02 + 04 0.316
1L Q5 01 + 03 02 + 04 02 + 07 0.863
Q6 0.4 + 0.7 02 + 04 0.0 + 0.0 0.180
Q7 0.1° + 0.3 0.3 + 0.7 1.3 + 13 0.017

a’, ‘b, and ‘ab’ represent the significant differences among the three conditions according to the Tukey’s
post—hoc test at X0.05. The data are expressed as the Mean + SD.



164 SIEX|SALEAETISISIX| H36H 25 2025

Table 6. Responses to the seven questions: posture assessment according to the leg and
head/neck joints

Posture Control Improved A Improved B P-value
Q1 04 + 0.7 03 =+ 05 07 + 09 0.607
Q2 0.1 + 03 01 £ 03 02 + 04 0.768
Q3 0.0 + 0.0 00 =+ 00 00 =+ 00 -
;P’) Q5 06 + 0.9 03 =+ 07 02 + 04 0.596
Q6 06 + 1.0 06 =+ 0.7 09 =+ 13 0.732
Q7 02 + 04 12 + 16 1.7 + 14 0.067
Q1 09 + 1.1 06 + 0.7 1.0 + 09 0.554
Q2 08 + 14 04 =+ 1.0 04 + 10 0.781
Q3 0.1 + 03 01 =+ 03 02 + 07 0.847
Q5 03 + 0.7 03 £ 0.7 04 + 10 0.947
Q6 09 + 14 0.7 =+ 0.7 07 + 13 0.898
Q7 02 + 0.7 1.0 + 13 12 =13 0.169
Q1 04 + 0.7 03 £ 07 07 + 1.1 0.714
Q2 0.0 + 0.0 00 £ 00 00 =+ 0.0 -
Q3 0.0 + 0.0 00 =+ 00 00 =+ 00 -
Q5 04 + 09 07 =+ 09 03 + 0.7 0.686
Q6 04 + 0.7 06 =+ 09 06 =+ 1.1 0.958
Q7 00 + 0.0 07 =+ 14 03 + 07 0.319
Q1 09 + 1.1 04 =+ 09 02 + 04 0.245
Q2 0.7 + 1.3 00 =+ 00 02 + 04 0.223
S Q3 00 + 00 02 +07 0.1 +03 0.557
e o5 0.6 + 09 0.7 + 07 04 + 05 0.809
Q6 1.0 £ 13 09 =+ 13 0.6 + 0.7 0.694
Q7 0.3> + 0.7 1.6° £ 1.5 2.1° £ 16 0.028
Y Q1 1.9° + 15 060 + 0.7 02 + 04 0.005
Ell Q4 22° + 14 1.0° £ 09 1.0° £ 09 0.034
¥ Q1 09 + 09 04 =+ 05 06 + 1.0 0.523
Q4 18 £ 13 07 £ 09 07 + 1.0 0.057
- Q1 19* + 16 03> + 05 0.0> + 0.0 0.001
Q4 19" + 1.5 0.6° + 0.7 0.8° + 1.1 0.043
! Q1 13" + 16 0.2 + 04 0.0° + 0.0 0.014
n
1{; Q4 24 £ 15 14 + 1.1 1.0 + 10 0.057

‘2", ‘b, and ‘ab’ represent the significant differences among the three conditions according to the Tukey’s
post—hoc test at X0.05. The data are expressed as the Mean + SD.



T8 UolE 4ol Au| JHMS PRt MM B SE MY Bt 165

¥ Wil PPz AT WAL B 5§
of g3} BAR AN FAROR O A
o= WAHAL oltHTable 4). “Q3. ST A
AE FHshe B9 207k Forusr e AR
of ool el 292 SAol AAEH) L 5
Y8 F9 P2 Ul B She AAeIA Al
271 70 RO Aol Hof, 7|2 W] 2§ =
200 sk A gl A ZANH At Abg
gol FoHITkY -SHBIIEX0.05, Table 5.

Q4. AT NS sl B v Bug
U7 ol i, e GO & W F 107
L =z ZoA] 2A 7 %0 —e;_} ZJo7} Ho, 71&
el o =7t A4
o] o Hisf ¢ gl{i’é‘}ﬁ}i’_ SHEEUtKTable
4, Table 5). 53], Wy 55 92 A
olfj& wdle &, Fx ddle= &, AE =
Zoli= A SolA Al 27 7+ Folgt AolE B
of, 7 ®geln] A, B 219 Blsf 7]1E A
o] Tyl § Bdsitty 29ar3th(/X0.05,
Table 4~6).

2. SE Wk o=l 2% Y A

7k F9 AU By 2= Al 74 oE
|23t 2jo] glo] H 29 ~ 30°CHL,
7k 29 HUiE Ay == Al 7 9E 2
89J5t 2po] glo] Wi 62 ~ 72%RHE &
Ak AEkee] Btk Al 7H o 24
o3t o] @lo] 148 ~ 150 bpme]loH,
o Aebp Al 22 2F et 2ol glo] 175
~ 181 bpm®%th.

d Al ATHOA mdA e
gk po] glo] M FAE HAE FEHOR),
—3—%‘3’4134@ BIEAE HHAE PTHOA),
5 o}x]E OITH0A) 4=20]2
N 23 AHA AT &9

< Al o9& =4 7t -ﬁ—-"f]ﬂ z}o] glo] ‘mh=s}c}

3. B3 Wk WA - M we
A

Al =4 2 &

SHehA) 4ol 1
A 29 sAe] A3 A 24 2 79l Ao

2.5 1

15 +
0.6

0.5 1 ol 192 010101

-0.5 1-0.1.0.2-0.2

-1.5 4

Thermal Thermal Humidity
sensation comfort sensation

Starting point

" 2X0.05

[l Control []Improved A 7] Improved B

Thermal Thermal Humidity
sensation comfort sensation

End point

Fig. 4. Thermal sensation, thermal comfort, and humidity sensation at the starting and ending

points.



166 SIRXICIAEIMETIEIEIK| H36H 25 2025

L4HOR, 7E Wyeule] ule} @ Bfshrhe
8ol AoIATHAX0.05). A4 el A%t B
27 78 22 HAGolH2 Mol foshA] ot

tHFig. 4).

5 S EOEERE:
= Ay A3t NPASL A 24 LR F
Sof oie 2uizhe BAsT 9 Sees 2
o] =7]0] that i, T
zFQ 71 ;(1—5‘].‘ sc 2‘(_| Q. /\] /\]0]: Xﬂ St Eo] 14—1:,}-14-
HFig. 5). 71 s A A 250
Hlel B o WHEoly, 59 e 92 5
o S Sao] g A A7) HokALt
el 91z wel 2=t BHsiE ool o
A AL A P A9 9ol
2 92 Sol A7 B gH=Tha Slglo

Y, ojd AHE E7HA] RS off g FEol oF
7F EHsit= S0l 2oiFth A Hdeln] B
o tishr= &Y Al 7P 57 lled, 4
1 ggste] o7 5& Al EHstE SHE &
oj it
v. 2%
7R G2 0] 284 W7lof|A] 28X (wearability)

oleie AW TRt omlz ajAE & ok &

ﬂf’ﬁ"ﬂ’ﬂ «]Eol A%
4] wk&of m] ]—E
oA 2HAS 1A 8 TEo] FAdS 1L
g A4 B7Hposture analysis)2}t sid A A
9 F2 FZZ RARE 52FA4 H7Hpractical
performance test)S S 71 4 ot A

- AlYskA IAoA AL xﬂ_Q__,Z_%_j_o]L]— Alg

WA NS, JIE BEE S, P4 Heh
3 52 B9} 2§ %ol Al nHL S

[

IF Y WA 4 Uk B AL 5
3 212 AHAAL Aol= % AR TRjelo
T ST Py 280l AT, 4

—

1. XMl G710 2l=F9| #4524

£ ATl A Wk B, e, e, B %
ol e QA 78 Wd LAY Al 287L 3
2353

7] 1ok +=Ios 98 A 3
A Ae AL, 2, 3, 5§ A2

o,

Jol/

B
=
~

51 Zol7t AR, 49 ABL Fo 2w
S, 6% RS oot 319 Aol27t M2 F
WETLE, 7L YYWIE B BRI, o
W 3 A A e 24 3 393 ol g
M Hol 291 AEe 19 Fagolgle. B 9

I95n @ tighness emOVEMENt "Visiongaps 19"““Spac1ousl“°ii”f“
g + = lon N I
V1S1:0N restriction §
rls:o pressure 2 issues &£ - space £
(@] restrlct lon ® _f v S obstruction
o) Sllght it 3

" et issues

= length restricted * S1ze ! [grenade excessive

(a) Control (b) Improved A (c) Improved C

Fig. 5. Analysis of the word cloud on the interview results after completing the mobility assessment.
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