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ABSTRACT

This study aimed to verify the correction performance and wearability of a rounded shoulder posture (RSP)
corrective brace for women. Developed previously using ergonomic patterns based on 3D body models of females in
their early 20s, the brace was worn by six subjects with actual RSP over four weeks (12 sessions), with each 50-minute
session nvolving stretching and activities of daily living while wearing it. RSP was measured pre- and post-intervention,
and data were analyzed via paired £tests and RM-ANOVA (SPSS 30.0), with subjective wearability assessed using a
S-point Likert scale. Following an initial adaptation period of three to four sessions, the corrective effect reached a
stable plateau through to the 12th, with the results demonstrating a statistically significant post-wear reduction in RSP
across all sessions (p < .05). By the final session, the average RSP change rate had increased by 13.0%, confirming a
cumulative corrective effect. Regarding wearability, the brace scored highly (above 4.0/5.0) in clothing pressure, ease of
movement, donning/doffing convenience, comfort, and fatigue. Notably, previously reported discomfort in the axillary
and scapula regions was effectively resolved, with arm and shoulder mobility achieving a perfect score (5.0/5.0). In
conclusion, the studied 3D ergonomic shoulder brace effectively corrected RSP while ensuring user comfort and
mobility, suggesting that incorporating 3D anthropometric data into design processes can significantly enhance the
functional performance of musculoskeletal support devices.
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{Fig. 1) Flat Sketches of the RSP Brace Using 3D Ergonomic Patterns

pp. 82. 83; Photos Revised bv Authors)
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{Fig. 2> 3 Pressure Points for Rounded Shoulder Correction of the RSP Brace Selected for the Study
(Oh et al. 2021, p. 84; Photos Revised by Authors)
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{Table 1> 3-Point Pressure Principle for Rounded Shoulder Correction

No. Pressure Point

Contact Area

Tactile Sensation Function/Role

Primary Pressure
Point

Upper central back

A gentle forward pushing
sensation in the middle of

Straightens hunched back:

the back Induces thoracic extension

2 | Secondary Point A

Front of shoulders
(Anterior deltoid)

A sensation of the Corrects rounded
shoulders being pulled shoulders: Induces shoulder

backward retraction
Underarms and sides A slight tightening Stabilizes the torso:
3 | Secondary Point B . sensation under the Completes the 3-point
(Lateral ribcage) .
armpits leverage system

- 177 —



MRE 2576% 39

(Table 2> Characteristics of Materials Used for the RSP Brace Selected for the Study

Attributes Fabric Double Bonded Note
Fabric Contents Nylon 80% & Polyester 20% -
Fabric Structure Non-woven warp knitted -
Thickness (mm) 1.23 KS K ISO 5084:2011
Weight (g/m?) 220.0 KS K 0514:2017
Tensile Strength (N) 66.1 KS K 0642:2016
Elongation (%) - KS K 0642:2016
Tear Strength (N) 14.7 KS K 0536:2019
Stretch (%) 2.4 KS K 0642:2016

(Oh et al. 2021, p. 78: Revised by Authors)
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(Table 3> Body Measurements of 6 Female Subjects Comparing to the Statistics of Korean Women in the Ages from

20 to 24
(Unit: cm, N=362)
Subjects Confidence
Body st s2 3 s4 S5 S6 Mean  nterval (95%)
Measurement Items () Min. Max.
Height 161.5 165.5 152.5 164.0 160.5 1565  160.1(4.8)  150.7 171.1
BMI 22.7 22.8 20.6 20.0 19.5 19.9 20.9(1.5) 17.9 23.8
Waist Front Length 35.0 36.0 34.2 35.7 36.0 36.0 35.5(0.7) 31.3 39.1
Waist Back Length 40.0 40.0 38.7 395 39.0 39.0 39.4(0.6) 36.0 44.2
Interscye Front 32.0 33.0 31.0 32.0 315 32.0 31.9(0.7) 28.7 35.3
Interscye Back 37.0 37.0 35.5 36.5 36.0 36.5 36.4(0.6) 32.8 40.6
Lateral Shoulder Length 39.5 40.0 38.0 39.0 39.0 38.5 39.0€0.7) 339 40.9
Shoulder Length 11.2 11.7 11.0 11.5 115 11.2 11.4(0.3) 9.7 133
Chest Circumference 87.0 90.0 83.5 84.5 84.0 84.0 85.5(2.5) 73.6 96.4
Bust Circumference 88.5 92.0 82.0 84.0 82.0 81.8 85.1(4.3) 70.3 97.9
Underbust Circumference 76.0 80.0 70.0 73.0 72.0 73.0 74.0(3.5) 62.0 84.0
Waist Circumference 74.0 77.0 65.0 72.3 67.5 69.0 70.8(4.4) 57.0 85.0
Wal%gﬁﬁjﬁgeme 780 85 680 750 7.0 720  746(56) 610 912
Abdominal Circumference 82.0 88.0 73.0 79.0 76.5 77.5 79.3(5.2) 65.9 95.7
Armscye Circumference 40.0 415 39.0 38.5 37.0 37.0 38.8(1.8) 32.1 44.3

g3 gee 434 Wl 5027 (Lee et al. 3. MMEZY| ezt M2 Wt

2022: Liu et al, 2022: Oh et al, 2023) EFo]3o]
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@ nzs= Gelaw RSP AES Ealg wao  =71E $EAL B2 fold, A Wy, 19w
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{Table 4> Criteria for Selection of Subjects

- A woman with a shoulder posture having a height of 2.5cm or more from the floor to the back
of the shoulder peak in a straight lying position

Physical |- A person who has not received treatment or surgery due to orthopedic or neurosurgical conditions

Criteria of the arm within the last three months

- A person who has no experience in regular upper body posture correction or muscular exercise
within the last three months
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Sticker to the back of the shoulder Place both arms comfortably next to Measure the straight line from the floor
peak measurement point the torso in a supine position with the surface to the marking sticker using a
back on the floor ruler

{Fig. 3> Measurement of Rounded Shoulder
(Oh et al. 2021, p. 74; Photos Revised by Authors)

Pre-intervention Post-intervention

Stabilization Stretching Protocol Brace Intervention
Assessment Assessment

3 sets of 30 repetitions

Measurement of for each of the Performance of Re-measurement of
Seated rest upon rounded shoulder following Activities of Daily RSP immediately
arrival posture (RSP} prior to 1. Wall push in a Living (ADL) while following brace
(5 minutes) brace application standing position wearing the brace removal
(3 times) 2. Trunk rotation while (50 minutes) (3 times)

anchored to a pillar

{Fig. 4> Experimental Procedures and Protocols to Measure the Effects of a Postural Correction Brace
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{Table 5> Descriptive Statistics

of RSP Measures Before and After Experimental Brace Application

(Unit: cm)

Subject Sl S2 S3 S4 S5 S6 Average
Experiment Mean(SD)  Mean(SD)  Mean(SD)  Mean(SD)  Mean(SD) Mean(SD)  Mean(SD)
Sessions Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
1t 5.9 5.6 6.5 6.2 5.3 45 6.1 5.2 5.6 5.0 5.4 49 5.8 5.3

S (0.6) (0.2) (04) (01) (02) (0.2) (02) (04) (0.1) (0.2) (08) (05 (0.5 (0.6)

ond 5.8 5.0 5.1 4.3 4.3 4.1 59 49 5.3 44 44 45 5.1 45

n (04) (0.1) (0.1) (0.1) <(0.2) (0.2) (0.1) (0.1) (04) (0.1) (01) (0.1) (0.7) (0.4)

rd 5.8 5.3 5.3 4.3 4.3 4.2 5.7 4.7 5.2 4.3 5.2 5.0 5.3 4.7

- (0.4) (02) (0.3) (0.0) (03) (0.2) (02) (0.1) (0.2) (02) (02) (02) (04) (0.4)

sth 5.2 4.7 5.0 4.8 4.3 4.0 5.3 4.6 5.8 5.4 5.4 4.8 51 4.7

(0.1) (05 (0.1) (0.2) (0.0) (0.2) (01) (0.3) (0.1) (0.1) (0.0) (0.1) (05 (0.5)

Sth 49 45 5.1 49 5.0 44 5.6 4.6 5.3 4.8 54 5.1 5.2 4.7

(0.2) (03) (0.1) (01) (0.1) (0.2) (02) (0.1) (0.1) (0.2) (01) (0.1) (0.3) (0.3)

6th 4.8 4.0 5.1 4.9 4.7 4.2 5.2 4.6 5.3 5.2 5.4 5.1 51 4.6

(0.5) (0.1) (0.0) (0.1) <(0.1) (0.1) (0.1) (0.0) (0.0)0 (0.1) (0.0) (0.0) (0.3) (0.5)

Tth 5.7 5.0 54 4.7 4.3 4.2 5.3 44 5.6 5.2 5.2 4.7 5.3 4.7

(0.0) (0.1) (02) (0.0) (0.2) (02) (01) (0.2) (0.1) (0.1) (01) (0.4) (0.3) (0.4)

8th 51 4.6 55 5.1 4.7 4.2 4.9 4.2 5.4 5.0 5.3 4.4 51 4.6

(02 (02) (02) (0.1) (0.2) (02) (0.1) (0.0) (0.2) (0.1) (0.1) (01) (0.3) (0.4)

oth 49 44 5.4 4.8 4.7 39 5.3 4,2 5.2 5.2 5.2 4.5 51 45

(0.2) (0.1) (0.0) (01) (02) (0.1) (02) (0.0) (0.1) (0.2) (03) (0.3) (0.3) (05)

10th 49 44 54 5.0 4.2 3.9 5.0 4.3 54 49 5.1 5.0 5.0 4.6
(0.2) (02) (0.0) (01) (0.1) (0.1) (0.0) (0.2) (03) (0.2) (0.0) (02) (0.5 (05)

1ith 5.2 4.7 5.3 4.7 4.6 39 4.5 39 5.4 5.0 5.0 4.7 5.0 45
(0.1) (0.1) (0.0) (0.0) (0.1) (0.1) (02) (0.0) (0.1) (0.1) (0.1) (0.0) (04) (0.4)

12th 5.4 49 5.0 4.6 4.1 3.6 5.3 3.8 5.5 5.0 5.6 49 5.1 45

(0.2) (0.1) (02) (01) (0.0) (0.1) (0.0) (0.0) (0.2) (0.1) (01) (0.0) (0.6) (0.6)
E9 Hzx ZAHAXNE 4 53cmolA AW 6.5cm @ RSP $#A71 24 AR {34 #iste
(B 58+05cm)E Y, RSP 34 71E< AeE YgHtHAL X056 FF). B8 5 123
250mE 20 o4 ASeE A7 RSP #AE o 49 Fd 54 247) 3& Fo RSP &
Btk 123 AA 48 wAHRZ7E g A WM AIZFER o FolE YEREA F
¥ 54% RSP 24AL BE 49 82(1~128  Aa) S8l 448 RM-ANOVA ¥4 994
Al A AGA % WA BE SEA AE 768 AL Tesel 49 AR Wik 919
AHETE 3o dAHA FAse RS2 YEstth A N9l 6RTF A Z=s U 532 A sts}
oeie wARZY] A& A% Fo A4 AM o AZE 1R 23 3R2 wrel sds 1t
S5 BAROR RoARA AT A g @A Aol A3 A 27 RSP AYAS A
EE 774 (Paired ftest)2 AAE Az} (Table Y 13x~43]x12] WA HZ7] & F RSP =
e % 5 el BE SAH 38 Fo B AAE 1A A7) 0 ARE FESAT, 28 A
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(Table 6 Paired t-test Comparison of Pre- and Post-Intervention Average RSP Measures Following Brace Application

(Unit: cm)
Rounded Shoulder Measures
Experiment Sessions Mean(SD) t D

Pre Post
st 5.8(0.5) 5.3(0.6) 5.333 .003**
2nd 5.1(0.7) 4.5(0.4) 3.317 021*
3rd 5.3(0.4) 4.7(0.4) 5.128 .0047**
4th 5.1(0.5) 4.7(0.5) 4.785 .005%*
5th 5.2(0.3) 4.7(0.3) 4.256 .008**
6th 5.1(0.3) 4.6(0.5) 4.201 .008**
7th 5.3(0.3) 4.7(0.4) 9.060 .000%#*
8th 5.1(0.3) 4.6(0.4) 6.602 001%**
9th 5.1(0.3) 4.5(0.5) 4.131 .009**
10th 5.0(0.5) 4.6(0.5) 5.351 .003**
11th 5.0(0.4) 4.5(0.4) 7.831 .001%**
12th 5.1(0.6) 4.5(0.6) 4.008 .010%

*X .05, #FpX .01, *** X001
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(Table 7> Repeated Measures ANOVA and Contrast Results for RSP Measure Changes Over Time, Pre- to 12th

Experiment
Source Contrast SS df Mean Square F D
Main Effect(Within-Subject) 6.532 4 1.633 12.4627%** <.001
Linear 4.267 1 4.267 21.613** .006
Time 1 Quadratic 1.813 1 1.813 15.224* 011
(Pre- to 4th Cubic .001 1 .001 .007 936
Experiment) Quartic 452 1 10.323 3.918 105

Note, Mauchly's test indicated that the assumption of sphericity was met (W=.064, x*=9.390, df=9,

p=456).
Main Effect(Within-Subject) 130 4 032 480 750
Linear .079 1 .079 1.709 .248
Time 2 Quadratic .008 1 .008 117 746
(4th to 8th Cubic 015 1 015 191 680
Experiment) Quartic 028 1 028 .356 .557

Note, Mauchly's test indicated that the assumption of sphericity was met (W=.067, x*=9.215, df=9,

p=A472).
Main Effect(Within-Subject) 054 4 013 .300 874
Linear 019 1 019 184 686
Time 3 Quadratic .002 1 .002 072 799
(8th to 12th Cubic .003 1 .003 184 685
Experiment) Quartic .030 1 .030 996 364

MNote. Mauchly's test indicated that the assumption of sphericity was met (W =108, x>=7.613, df=9,
»=.620).

*X.05, #FpX.01, ** X001

glstarat ZfAl-W vl A4 (Trend Analysis) 2 R eto 2 Ay 83 x}~123] A 7HA] = 57 Al
I A AE AL 5)=1.709, p=.248), o1z} Ao ASA Ha HakE A5 33 A7 24
(M, 5)=.117, p=.746), A=+ (A1, 5) = A= Mauchlyd] 7974 A4 23 7H4 =5
191, p=1680), 1 A 4 AF(F, 5) =356, HAoH (p=620), °l& "R AA-W =}
p=577) BF SAHSZ Fousta &yt o ARE gl A3 AZF Aol wE ASA
73 Aae A 27 ~432 A9 ASH e B &9 AA FEHAE 23 A7 VI Z BA
Mol A vehd frojve a2 34 MY o2 fFousiAl ¥ AOE YRt A4,
9ozt Aot S gxE otk &, IF 20)=0.300, p=.874). F+AH Wst Heg <
A5 AFAE AP ZFHE7]~283h e 34 at7] 918k JHA-W ] A7 (Trend Analysis) 2
o a MEE AL F 38 RS VHeE I A AE AZ(AL 5) =184, p=.686), olx
T37} 23} AE (saturation) o] =E8ke] 433}~ AZ(F(1, 5)=.072, p=.799), A=} #A3F(F(1, 5)
83|A A BAAQ F3 slol A FHE =184, p=.685), =4 4 ZAZ(A1, 5)=9%, p=
(plateau) SAE FAstE AR & F 9ot 364) BT SAHCE fonsiA] &2 AoE
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RSP change rate=(Pre - Post)/Pre RSP measure x 100(%) e Equation 1
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Questions

Appropriateness of the wearing time (50 minutes)

Wear

Comfort and | Satisfaction with breathability

Categories
Fatigue During

(Table 12> Evaluation of Subjective Comfort and Perceived Fatigue Following the Experimental Brace Application
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