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Ergonomics Evaluation Study of Backpack Medical Equipment Based on
Physiological Parameters

TIAN Feng, DU Zhen—jie, LIU Chang—jun, YANG Jian, LI Fan, NI Ai—juan, SUN Xiao—jun
(The Institute of Medical Equipment, Academy of Military Medical Science, Tianjin 300161, China)

ABSTRACT: To explore the change of human physiological parameters, fatigue level and loading attitude when traveling
with different backpacks, and to further analyze whether the structure design of backpack met the physiological
characteristics of human body and human ergonomics requirement. Four types of backpacks were studied and ten male
hygienists from a department of armed police were selected as the subjects. The blood oxygen saturation, heart rate,
respiratory rate, oxygen consumption, body angle of inclination and bodily symptoms of subjects when traveling with a
backpack were tested to get scientific data for analysis. Comprehensive analysis and comparison of the test indexes revealed:
the structure design of backpack No. I did not consider the body size of adults in China, backpack No. 2 was more likely to
concentrate the force on the lower back and impact on equilibrant, backpack No. 3 easily led to fatigue stress of human body,
while the carrying structure design of backpack No. 4 relatively well met human physiological characteristics. In conclusion,
the change of human physiological parameters, loading attitude and body angle of inclination when traveling with different
backpacks is closely related with backpack portable structure, and ergonomics research can provide scientific basis and
evaluation standard for optimization design of backpack portable structure.
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Tab.1 Basic technical parameters of experimental backpack

samples

HHRHT Klem Filem [Fem FH Gi/em A /em Fiit/kg

[%5 480 450 300 9.0 14.0 9.0
0I5 540 400 23.0 6.8 10.0 9.0
ms 500 350 155 8.5 8.0 9.0
V5 460 320 135 6.0 7.0 9.0
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Fig.1 Variation in blood oxygen saturation of the subjects in motion
process
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Fig.2 Variation in heart rate of the subjects in motion process
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Fig.3 Variation in respiratory rate of the subjects in motion process
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Fig.4 Variation in oxygen consumption of the subjects in motion

process
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Tab.2 The truck angle 6 value after 15 min of movement
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P=0.9699>0.05 F=0.03
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Tab.3 The truck angle 6 value after 35 min of movement
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I 19 19 22 26 21 19 20 18 25 23 212+2.74
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P=0.9078>0.05 F=0.1
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Tab.4 The truck angle 6 value after 60 min of movement
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Tab.5 Measured value classification evaluation analysis of

four different backpacks
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P=0.4295>0.05 F=0.87
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Fig.5 The effect on body symptoms of subjects

27 AMBBSEEANGIHZEATH

IRIGIE IR R ZOPA T i K LB A T b
PEATER I, WA 5. LREIMEMHT R, 4 FpELS
HRNMEREE SRV S (15 15 5.
SRR, VS W REBAT A N TR BT, 5
FRATE o

1M 5Tl WSl NEirk

I AT 4
L% 1
AT 1
AFER 2

YK T A 4
YRAACRE IR B R S 4
S 16 13 19 12

D = - BB =

3 2
3 2
3 2
4 3
3 2
3 1

BT 4 ol 55 44 B4 A PR S0 KT A
R AR BE MRS R, 225 05 i IV 5 4547
SER BRI RS AT A AN BIRE  E AR M T, TS
H AT R NUANE 557 B . NS it 29T
L S5 BELE BB %5 TR AR A AR R4
s 517 A BT 5y i 2 A IR 2 ) 48
P RTRE 152 BRI 0 07 A

- 11 2 HLER R T vk, 4 52 403 1 65 A gk
HA B AT S 2 e AT AP K T A - T R
53 TR S 2, S — P BR AL 59 AR TR0
Wrikg Ik . LIS St e, 1595 %
WATE AT N Jm 15T B A0, R R
O A o] MBS G KA, P B O S 2 1K
BB, (R FEROR , il KT 0 (8
W K 151 AME B2 “STIE e
FRAIIE T BV, 45 A AN A B i, i
R rf 0 (AR /AN 5 IV 5 75 48 15 417 B AP AR X
BUf AR 35 min N 0 (HIEAAL B2 )5 N Zi0E 1T
ORI, B A T 38 2N B B S A iR
BT EAE I, (0 fEAT BN Sl B s2 il
YR Ff A Ak, B S eAS R it B b |, 18 o el
HHAT & AN A BT R

SR T A A B S B A e 5 DN o 2 B
AT B R R JEE Kis Bl A W) )~ sl P AR T
150 F AT 58 5 | 4 5T A e A 4 A T AP A 0
DA 8 X 1 25 G 0T, O e R A HE AT
LRGP BOHR BERL AR , o ] o AH S SRR s
FERRMEA A4S, M AR T8 e e X T A 2 4 F
FERA B R R OB



70 DRI 2016742/
S 2Tk [9] DEEPTI M, MADHU S P, DHURJATI M. Effects of Military
[1] ROY T C,KNAPIK J J,RITLAND B M, et al. Risk Factors for Load Carriage on Kinematics of Gait|J]. Ergonomics, 2010, 53

(3]

(8]

Musculoakeletal Injuries for Soldiers Deployed to Afghanistan
[J]. Aviat Space Environ Med,2012,83(1) : 1060—1066.
PARK H,BRANSON D,PETROVA A, et al. Impact of Ballis—
tic Body Armour and Load Carriage on Walking Patterns and
Perceived Comfort[]]. Ergonomics,2013, 56(7):1167—1179.
WRILIR , BT8R A5 , 55, T TR MR AR TR AT
JrES BRI P E Tk BEE2%AR 2014, 27(2) : 83—86.
CHEN Pei-ran, HUANG De-yin, ZHANG Qian, et al. Appli—
cation Case of Ergonomics Evaluation Method for Manual
Handling Operations[J]. Chinese Journal of Industrial Medi—
cal,2014,27(2) : 83—86.

STEWART A B, ROGER A H. The Effect of Load Distribu-
tion within Military Load Carriage Systems on the Kinetics of
Human Gait[J]. Applied Ergonomics,2010,41(4) : 585—590.
JEFFREY M S, CAROLYN B, LEIF H, et al. Effects of Car—
ried Weight on Random Motion and Traditional Measures of
Postural Sway[J]. Applied Ergonomics, 2006, 37 (4) : 607—
614.

FENI, EREAE ok A4, 4. BE TR m 3 2 ALY g
T 65 (0. 0 E 2 20T R B Y 5 I R HEA L 2010, 14
(35) :6475—6478.

TANG Gang, WANG Hong-sheng, ZHANG Xi-an, et al.In—
verse Dynamics—based Platform for Human Muscle Force Es—
timation[J]. Journal of Clinical Rehabilitative Tissue Engi—
neering Research, 2010, 14(35) : 6475—6478.

WEELL, MRS, AT A58 T Bl AU AT
TS TAE UG, 2008,26(12) : 743—744.

CHEN Yu-hong, HAO Jun—qin. Study on Optimum Load Car—
riage for Soldiers under Different Marching Speed[]J]. Chinese
Journal of Industrial Hygiene and Occupational Diseases,
2008,26(12):743—744.

HEE LD, FREESC, 25 R AN [A) S UL A I 1 A B L2
Wy 3245 5 o3 M 0], AL sUE Y BE 2 TR 2014, 33 (6)
603—608.

CHEN Yu-hong, ZHENG Jie—wen, LI Chen—-ming. Analysis
of Physiological and Biomechnical Signals during Simulated
Walking with Different Loads[J]. Beijing Biomedical Engi—
neering,2014,33(6) : 603—608.

[10]

[11]

[12]

[3

—

[14]

[15]

(6):728—791.

SIMPSON K M, MUNRO B J,STEELE J R. Effects of Prolon—
gal Load Carriage on Ground Reaction Forces Lower Limb Ki—
nematics and Spatio—temporal Parameters in Female Recre—
ational Hikers[J]. Ergonomics,2012,55(3) :316—326.
Bl 7 ALRKSE, 45, IUREEIETTL AN R DT s
S BN SRR B TR, P AT B, 2014, 9(1) 2 75—
78.

WEI Gao—feng, SHU Zhan, REN Qiu-shi, et al. The Musculo—
skeletal Motion Capture Experiment of Military Backpack at
Typical Load Carriage Gait Speed[J]. China Digital Medicine,
2014,9(1):75—78.

I =F FLIRAS , FMGRZE 45 AR R FAR AN 5 5 9 4%
FTESHBET ). BRIy A4, 2003,24(5) : 15—17.

TIAN Feng, DU Zhen—jie, SUN Xiao—jun, et al. Human Body
Size and Sense Perception in the Design of the Backpack
Portable Structure[J]. Chinese Medical Equipment Journal,
2003,24(5):15—17.

HF a5 16 XU i = s I By Sk SR AR
X R A B S R[], BEY7 TLAE %645, 2004,25(4)
19—21.

TIAN Feng, YANG Jing—quan, YANG Jian, et al. Effect of the
Microenvironment of Powered Air—purifying Medical Protec—
tive Hood on the Body s Physiological Parameters[J]. Chinese
Medical Equipment Journal ,2004,25(4) : 19—21.

IS S W ES & S o1 € 1 SV B5+9 P O /1552 W =96 U a3 U
PREEHE S, A 57 3l T A I 4% AL 2006, 24(3) -
151—153.

TIAN Feng, CHENG Gou—xiang, WANG Zheng, et al. Micro—
environment of Positive Pressure Air Purifying Medical Pro—
tective Equipment[J]. Chinese Journal of Industrial Hygiene
and Occupational Diseases,2006,24(3) : 151—153.

INGEZE, I F 50 B A5 KT S 1 R TS R A
PR TR NS TR, 2004, 10(3) : 29—30.

SUN Xiao—jun, TIAN Feng, GAO Wan-yu, et al. Ergonomic
Study on Trunk Lean Angle and Structure of Backpack[J].
Chinese Journal of Ergonomics, 2004, 10(3) :29—30.



