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Effects of Backpack Types on Kinematics and Plantar Pressure in
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Abstract; Objective To analyze the influence of different backpack types and loads on kinematics and plantar
pressure of college students during stair climbing, so as to provide references for choosing the appropriate
backpack and carrying modes. Methods The Nokov infrared light point motion capture system and Podomed
plantar pressure system were used to analyze the differences in the range of motion (ROM) of the trunk and
lower limb joints, the kinematic parameters at the peak time, the peak pressure of each plantar partition, the
contact time, the maximum pressure of the whole foot, the average pressure and the maximum contact area for
15 male college students during the support period of stair climbing. Results The 5% BW and 10% BW backpack
loads reduced ROM of trunk rotation, increased ROM of ankle flexion/extension and varus/valgus. The 10% BW
backpack loads increased the peak pressure of the 1® and 3™ metatarsals bones and the maximum pressure of
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the whole foot ( P<0.05). Single-shoulder bag and handbag reduced ROM of trunk tilting and rotation, and

increased ROM of ankle flexion and extension, hip flexion angle, peak pressure of foot arch and medial heel

(P<0.05). The double-shoulder bag loads increased peak pressure in the toe area ( P<0.05). Conclusions

During walking on the stairs, the 5% BW and 10% BW backpack loads limited trunk rotation and increased ankle

ROM. The 10% BW loads also increased the load in metatarsal area. The unilateral weight-bearing mode would

make the trunk tilt to the unload side and rotate to the weight-bearing side. The pressure in toe area was higher

when carrying double-shoulder bag, while single-shoulder bag and handbag mainly increased the pressure of arch

foot and medial heel. It is suggested that college students choose symmetrical backpack scheme, and wisely

allocate backpack weight to avoid the injury of foot area.

Key words: kinematics; load; backpack; plantar pressure; stairs walking
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Fig.3 Diagram of plantar division
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Fig. 4 Effects of load and backpack type on trunk kinematics ( a) Sagittal plane ROM, (b) Frontal plane ROM, (¢) Horizontal plane
ROM, (d)Peak anteversion angle, (e) Peak left tilt angle, (f) Peak left rotation angle, (g) Peak right tilt angle, (h) Peak right
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Tab.2 Effects of load and backpack type on lower limb kinematics (°)
0% BW 5% BW 10% BW WA WA A HH 4 B Tt
i SR ROM 52.0+3.7 52.3x4. 1 52.54.6 52.423.7 52.0x4.6 52.5£5.0 52.6£3.0
HUIRTH ROM 11.1£3.5 12.2+3.2 11.7£3.6 12.543.6 11.5£3.6 12.0+4. 1 11.7+3.5
7K1 ROM 11.0+4. 4 11.3£3.9 11.0+3.7 11.6+3. 4 11.2+3.9 11.0+4. 1 10.8+4.0
Jith i £ 66.9+7.7 66.7+7.4 66.9+7. 8 65.8+8.7 67.0+8.0 67.6+7.4" 67.2+7.9"
A A I 4.6+3.5 4.9+3.4 4.2+3.6 5.3£3.6 4.5+3.5 4.6+3.4 3.9+3.5
AR A -6.5%2.7 -7.3£2.7 -7.4£2.7 -7.2%2.6 -7.0%2.5 -7.4%2.8 -7.8+2.9
P £ A 10.2+7.8 10.36. 1 9.1+5.8 9.6+6.6 9.3+4.8 10.5+5.8 9.5+6.3
HIBE F I (E -0.8+7.1 -1.0%5.6 -1.925.6 -2.0%6.2 -1.9£5.0 -0.5£5.0 ~1.4+6.2
i SR ROM 52.8+5.5 51.9+5.9 52.326.6 52.2+6.8 52.5+6.8 51.8+6. 1 51.9%5.5
FCR T ROM 6.6+3.0 6.6+2.7 6.5+2.7 6.4+2.7 6.9+2.6 6.6+2.8 6.4£2.7
KT ROM 10. 0+4.2 10.524.2 10. 44.0 9.7+3.5 11.4£5.0 10. 4+4. 1 10. 3+4. 1
i i £ U 1 65.1£4.0 65.6%5.0 66.326.0 65.5+5. 1 66.3+6. 5 66. 1+5. 1 66.0+5.3
PN Bl A 4.7+4. 1 4.8+3.9 4.7+4.0 4.8+4.1 5.1£4.0 4.6+3.8 4.4+3.0
SRR Ff V6 -1.9%2.5 -1.9+2.3 -1.9+2.3 -1.62.4 -1.8%2.2 -2.0+2.4 -2.0+2.3
PAJE £ e {1 23.0+8.0 22.248.6 22.2+8.9 21.7+8.6 22.849.1 22.2+8.6 22.1+8.7
7S R ROM 30. 1£7.7 32.7£5.9° 32.6+5.7" 31.6+4.8 33.247.0 33.6+5.9" 32.2£5.2
ZCIR T ROM 15.5%4.9 17. 6£5. 4* 17.7+5.3% 17.0£5.0 17.7+5.6 18.0+5.7 17.9%5.2
K10 ROM 7.0+3.9 7.5+4.0 7.2+4.0 6.6+3.4 7.6£3.9 7.4+4. 4 7.7+4.3
T U 2.7£3.5 3.8+4.3 4.324.5 4.1+4.2 4.2+4.7 4.5+4.8 3.3£3.9¢
B e A W -27.4%5.3 -29.0+5.7 -28.4%5.3 -27.6+5.0 -29.0+6.5 -29.1+5.4 -29.0+4. 8
PN 0 A UL 13.2+6.9 14.1+7.3 13.9+7.4 13.5+7.5 14.3+7. 1 14.0+7.2 14.1£7.7
AN EHFf A -2.329.1 -3.629.6 -3.8+9.9 -3.6+9.9 -3.4%9.5 -4.0+9.0 -3.8+10.6
PN e £ 19.7£8.2 20.3+8.5 20.4+8.7 19.9+8.2 20.0+8. 8 20.5+8.0 20.8+9.4
T P s shE A R MR A B A e, KR T 0% WA L B A BEMZ R (P<0.05) ;" ZRSMEEMEL AR B ELEES
(P<0.05) ;" FRGHE M A MHHA BFHEER (P<0.05) ;' FR 55080 B HHLEA w1245 (P<0.05), T,
R®3 HEE5E LA EKE R0 A E RS
Tab.3 Effects of load and backpack type on plantar pressure peak and contact time
0% BW 5% BW 10% BW WUHE HEf A HHf B Fita
JE F (/N Tl 180.9+19.2  194.4+22.6  201.6+25.3  204.4+28.5  193.2+22.7"  203.7+19.8 190. 6+23. 1"
T2~5  144.8+39.7  154.4x21.5  157.1£26.1 166.3+25.5  149.5£20.2"  155.9£27.1 156. 6+21. 8"
M1 193.6+40.0  203.9+34.6  201.0+44.6° 199.1x42.1  204.4241.0 204.7+36.3  201.6x41.4
M2 217.1+34.8  229.9+30.2  227.2+34.3  226.4%36.7  227.7+34.0 233.7+26.4  226.6+32. 1¢
M3 229.3+33.3  246.0+26.8  248.6+27.1° 249.1£29.7  248.9+30.7 248.3+20.4  242.8x26.2
M4 242.0£27.7  257.7#25.3  254.1x24.1  259.1%21.0  257.3%25.5 261.7+£20.3  245.4%29.2
M5 210.3+19.6  225.2+26.4  231.3%£32.3  234.6x29.5  229.7+26.6 231.9+24.9  216.8+34.7
MF 170.7£37.2  175.3+32.4  175.3+42.6  166.4+39.1  176.0+29.8 174.2+38.2 184.8+42. 6"
HM 229.3+29.2  244.5+25.1  252.4x21.1  243.4%25.6  243.3%20.1 254.0+24.2" 2492123, 8"
HL 233.7+19.5  240.0+22.3  239.4£22.3  234.8+24.4  242.1x22.2 242.821.9  239.0+20.7
FE A 18]/ ms Tl 751.4279.4  732.2+64.2  745.9%65.0  733.5+66.2  710.3%65.5  747.4%54.2  766.0+61.6™
T2~5  729.3+75.9  677.3296.4  697.8+64.9  692.2+78.8  664.7+101.4  673.7+62.0"  720.2+75.7"
M1 757.2+97.9  729.3+81.4  743.9%90.7  719.3%97.5  695.6292.3  761.5+62.4>  771.4+66.5"
M2 824.6+91.2  806.9+67.2  803.7£69.6  790.7+78.9  791.9+74.8  813.6+54.2  822.3%57.9
M3 848.5+95.2  830.9+67.8  828.6x67.2  823.4x72.5  812.6+75.2  835.3+62.1  825.9+59.9
M4 850.4+90.7  834.9+67.8  834.9+65.4  817.1+69.6  816.8+70.4  842.7+63.5  851.7+57.4
M5 777.0+87.3  768.3%65.6  768.3+72.0  737.4x71.2  751.2+54.8  776.7£77.7  798.7+66.0"
MF 683.5+88.7  664.3+82.2  651.0+£70.3  631.9+71.3  655.0+79.3  659.5+88.7  684.8+58. 6"
HM 695.1£101.5 604.1+78.7  651.6+80.9  646.7+82.6  635.5£89.5  660.0+72.3"  689.7+65.7"
HL 502.3+49.2  508.3+80.4  496.3+77.9  496.2+98.8  467.2+71.5  508.6+69.8  539.1+84.5
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Tab.4 Comparison of full foot pressure and maximum contact area in each group
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MBI R I, 10 K2 10% BW i R A4T
30 min J5, £ A @ A AR &) 0 S 2R s DL
57 R T RGP Al 3 ] o, 2 52 i K
TEaRE, AR LRI, 517 E KT
352 R BB I8 A 50 55 4K T N e S R T L 3 3
PRI T AR By A SRR AL AR T T 7 B 1) i i
M AR L, S RS TR TS SR AR R S
IV P T Bz sheE SRR AR E

5XUR A, B R A A PR A BRI TR T A2
WE R TR ATE, X SRt AR —2 | dwEIE
TARSCH 2 MR, AR SR AL B
AF s SRS BE A MF A H TR EN
P 1 2= T BNAR F 08 Bl RE BE K, DA 52 ) B
W, CAPRGEIESE, BN BN T AR AT
EMARREME , BAh, 50U A, 58 A
T A BR il 25 29 5 [0 T %y 3l i PR o)
PR TIReRs JC A R 17 B SR ™ AR 1 A Bl
R, 1 R T A B 3 KOk 4l FRiE sh TR L
AERUBESY BRI A5 10% BW % DL 135404 g
YRR Fis s IR IR T LR & 3, Y
P TR 9 97 A - 250 B 1A B ) 1) B O D %
Je AR RN i 12 3l 25 B0 [ A2 B A 4K+ L
FECE | 2107 A R T B LR s lie 4 LARE 10 A QB
SR, BT MR 0 & AR
3.2 THISZF4FE

TEATE TG g 17 S 2338 OCT T TE 3,
HHEM AR AT E S R B ke e,
AT R  RgE R WY, 2 A IS, R e
VRIS T DG Y A B R A 0 AR Ak, TR O T Y BT ik
XN, H5Z A2, —T RS Hr T, 5
A7 8 IHE G 1 FLER G T ROM 380> AR HF5E 4%
REIZEER—3, 1E 10% BW I BRI 4R 1 A4
ARTE ROM I 3514 K i G5 1z 2l 2 o] e A2 1k
SEHER ] e 5 B2 e DB AT E A G, RE

RS TR Z RO MBI 2
{5 10% BW 2% fuf 245 2 114 Jd i 0G FsF (0] T I 9 30 feft
T 7 A B 2 i AT 3 Birrell A5
W5 LB, 24 kg A FEATZ 60 min & AL &
HEANIE SN AR TR OG5 AR e ) s 25 5%
i) JIL PR R 8 1 A 0 2, 30U S 9 7 R 2
WA AT — B RS T B A 1SR E . BEAE,
F £ AR T LA R AR OG T ROM AN ¢
7 e F A UG (L, A A8 R O 3R PRI S 5 30 i)
()i 58, 3 AT BB IR A7 I X A (R JER i
ISEM A K
3.3 BIRENEE

DAFERIFSE 22 B, 7 67 51 in Bk A 2 RS R g 34
INAESS 1,23 B Ab g i ) A S gt L[]
7R, 10% BW 8 T 275 1.3 Bhi b s 1 (B A
BEMETE S, AEARRAT RS TT RIEN 15 i A
[] , T 7 7 E A e e 0 o it R I BT A2 R 5 A OE
i B SR & 1 ] WUOW o 3 el D= i ) | R s
IR KSR A, 5 AR 3 A2 30 4 K A, D)
SR 5 AR R I LR R A TR AR | T
S T P A A FILIA AR

BEAR AN TR B 75 A T ORI AS [ FA7 1) J g 0e
fE 7t . Haselgrove e R L NV CSUpN
A far J5 B ALE S KRS, T BN A
7, B AR 23 e 2 Aok 38 2R -, A SCR
o, FROMBHS RS T A S E RS M
PR PR g 43 A i e AR 3 X S kORI BRI A
SERISL, RS 45 DX 42 ok A () i A2 DR 4% 431X 40 3
55 1 TR VR 0 B TED B2 25 RN is 3l 7 XY
Wi, U A B £ B T A A e, R R R 4 X
S o () S S > A 5k e 22 S5 0T REAE 24 R
fr RS IE RS, R JES 45 DX 384 M %) v i A A 1 HoAth Y
11,75 I I 52 /0 5 B XU A0 T 3 2 e T S
Y 77 (0 %5087 T £ B 28 A 19 3800 L 5P AR AN &



EREYANE $£38% FE3H 2023F6 A
586 Journal of Medical Biomechanics, Vol. 38 No.3, Jun. 2023

ARIEIZL 5 H A T B AR A Eo A T RE B Rtk 42 R) 46
AT R AT IR, AT AL AR R A T AT
XA AT B LA 5% 26 B OBUR 35 6 07 20 B i
M 558 /N D PR 22— 6 4 - 359 T 5 A IS e
KM, 5% BW F1 10% BW #k faf A fd FiR5 b5
PR B E AL, A R I 2 T LGRS 5 2
o S JE P22 R 5 118 A8 Ak A

AHFGE AT BT AR A R A A
WLPR B8 A= 2 A8 A, J5 SR b 98 30 4 4k 22 X
XTRREAE N 1 B AR AT 0 HT

4 HFHig

MEEEATERT, 5% BW A1 10% BW 5 £, 38 fif 2 R
TS B e , T B R OG5 0% 38, DA 1 25 Ml
WIE] By A 25 OF 7, 78 10% BW 15 40 25 fif T 2 JiE
%1 3 B R RGN, Ak BUS A5 1 L B
bR T W TR T B RN TR A 2 n 2
FUR IRy i kads, 5 BUR G AR L, B 67 5
S A A A AARBI0CIR T 1) 2 Aoy AN XA, DT o B
(USSR SRV e i) [ B T B N e LR
ARV I 70 AN B e 3 B, AT E AR E s A IK
P JeE A58 R R OG5 i e R BE DA 4E R AT 0k A
I AR SCEE R 2 A BEAR R B X R PR T A A 4 )
T3, e B AR S A A e B TR NS A gk
S A I ] #5417 ), 25 ) Tt e J2 R IX Y 17T R
AP0 PILNEi (2195 B R AL N

S Xk

[ 1] JONES GT, MACFARLANE GJ. Epidemiology of low back
pain in children and adolescents [ J]. Arch Dis Child,
2005, 90(3) . 312-316.

[ 2] HASELGROVE C, STRAKER L, SMITH A,

Perceived school bag load, duration of carriage, and

et al

method of transport to school are associated with spinal

pain in adolescents: An observational study [J]. Aust J
Physiother, 2008, 54(3) : 193-200.

[3] A, wigd:, WM, %5 W EEE S LE S
EHRJ]. PEZZHESAGE, 2019, 38(8) ; 658-668.

[ 4] HUANG L, YANG Z, WANG R, et al. Physiological and
biomechanical effects on the human musculoskeletal
system while carrying a suspended-load backpack [J]. J
Biomech, 2020, 108 109894.

(5] ROk, ihidg, Lork s o g 25 B IR T Al s 32 R Ak

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

WHE[J]. REAT B4, 2020, 35(4) ; 439-445.
BASEHE, A5 SCHp ) L, A5 ATE R R O [ A B By X
Xt NARE BB HEE A [ J]. B A 1%, 2015, 30(1) .
8-13.
ZHAO MY, NI YK, TIAN S, et al. Effects of different load
distribution modes on human physiological parameters
during walking [ J]. J Med Biomech, 2015, 30(1): 8-13.
AT, Mg, R, S JRTORIR 6 O O AR AT Y
LW [ ] REET, 2017, 24(2) ; 128-134.
T8, BERTH, SREKEE, . W EXTE DR SR B
AP IR [ J] . ARE R, 2015, 27(2) : 8-12.
GOLRIZ S, HEBERT JJ, BO FOREMAN K, et al. The
effect of shoulder strap width and load placement on
shoulder-backpack interface pressure [ J]. Work, 2017, 58
(4) . 455-461.
DOCKRELL S, BLAKE C, SIMMS C. Guidelines for
schoolbag carriage: An appraisal of safe load limits for
schoolbag weight and duration of carriage [J]. Work,
2015, 53(3): 679-688.
Zofbis, BREIR, 2557, 55, ARG BALXTNEA: B g
SRR Ema [ J ). hE2R TR, 2015, 36(2) : 174-176.
Whitge. B A B A EATE JLERRIRE M E[J]. $
EHA TR SIRERSE , 2011, 15(33) : 6267-6270.
JEN, BRmid, R, SF DR BT RS AR R BOG
WAL J]. EHAY I, 2011, 26(5) : 460-464.
TANG G, WEI GF, ZHOU H, etal. Measurement and
analysis of the joint angle in lower limb during stair ascent
[J]. J Med Biomech, 2011, 26(5) ; 460-464.
NADEAU S, MCFADYEN BJ, MALOUIN F. Frontal and
sagittal plane analyses of the stair climbing task in healthy
adults aged over 40 years: What are the challenges
compared to level walking? [ J]. Clin Biomech, 2003, 18
(10) ; 950-959.
HEUSCHER Z, GILKEY DP, PEEL JL, et al. The
association of self-reported backpack use and backpack
weight with low back pain among college students [J]. J
Manipulative Physiol Ther, 2010, 33(6) ; 432-437.
LESSI GC, DOS SANTOS AF, BATISTA LF, et al
Effects of fatigue on lower limb, pelvis and trunk
kinematics and muscle activation. Gender differences [ J].
J Electromyogr Kinesiol, 2017, 32; 9-14.
MAJUMDAR D, PAL MS, MAJUMDAR D. Effects of
military load carriage on kinematics of gait [ J ].
Ergonomics, 2010, 53(6) . 782-791.
GOUJON-PILLET H, SAPIN E, FODE P, et al. Three-
dimensional motions of trunk and pelvis during transfemoral
amputee gait [ J]. Arch Phys Med Rehabil, 2008, 89(1) .
87-94.

(F#%£ 593 7)



