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A study of the characteristics of and correlation between proprioception ability
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Abstract: The authors measured children’s knee joint proprioception ability by using X-SENS 3D joint position
sense measurement system, and the testees’ moving actions and operating actions by using gross motor development
test (TGMD-2), evaluated children’s gross motor development level, compared the characteristics of proprioception
ability and gross motor development level of children of different ages, probed into their correlation, and revealed the
following findings: 1) children’s proprioception ability is significantly age different, enhanced as their age increases,
and constantly improved; ages 3 to 6 is a period when proprioception ability develops rapidly; 2) ages 3 to 6 is a critical
period for children movement development, in which gross motor development level is significantly age different; as
their age increases, children’s gross motor development level increases constantly, yet has not shown significant gender
differences; there is a very significant positive correlation between children’s proprioception ability and their gross mo-
tor development level: the better their proprioception, the higher their gross motor development level; while there is no
significant correlation between children’s proprioception and their body mass index. Human beings’ movement learn-
ing and development cannot be carried out without proprioception, people should provide more exercise opportunities

for children, let them experience rich proprioception during exercising, learn diversified moving modes, and get com-
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prehensive movement parameters, thus helping them establish and perfect their basic modes of movement.

Key words: exercise phisiology; proprioception; gross motor development; ability evaluation; young children

1826 4F, Jihs 2 EBAER Charles Bell #8718 -
XHET!ﬁ%ﬁ(sense)ﬁ%ﬂﬁ(pereeption)%ﬁfj](movement)ﬁ/‘]
fifp i) R - 7R3 LA Z A AE— P 2R B
RIS ALK IR A8 AL 2R LA, T AR S
AROCHF BALHR A KA . Bell TASHIXSE(E B ALFEXH
B BIIRYEGE, AR A BT LA S R A SR
o 1887 4, S [ ILAA SR )27 2 Henry Bastian™
feth T 3 (kinaesthesis) RS, K HE O BRIz 3)
SEIEZIGE . XA A, ATTREREIA
iR B i 4K 19 58 3l (movement) X BT 7E BY 25 [6] {7 &
(position), BEME X3 AR FEFE (BH ) (resistance) FI
T (weight), KNI B 50X AR SIVEHTTA BN
HIHE T 1906 4, Je[EAH22 5K Sherrington & T4
RIBSE (proprioception) A&, AR P32 #8 FT 78 A7
SR Ok BOR AR B R o A R
YN
(proprioception) I N JEAZ (interoception), ASAJEEAZ ) il
HORIE T ANERINLA B8 RG, BAMRIREZ e Xl
JULPA B R e b 1 VRS I AL S LR R R AR B 1%
AR, Henry Bastian #2109 “3hoe” [ HIiZ )
J&HE (movement sense) {4 RIS, IS A0EE TV B HA
LA G ST 8 Z R 22 5, EAbeE %
AN Henry Bastian [1Y) “Zf%” 55 Sherrington ) “7%
PRI S [) SCIA o ] 278 XA B 25 Mg A A i 5
SCH R WURR A & B 455 | A AR

3~6 Z UL TEE R SRAEURIY, B BOE 2
TEIEEA SR RERI LA AL A N T Y
BOEE R, SAMBIIEREBNER, FIEx T A%
VERYZ: T 5 R R IU Ry T AR BE S TR b2
MR E | B Giag)), XERGEE BIe2 T FiahfE
BRBMH RN . ARIBSELESNEY ] | SifE R R A2
SIS SIS e R NI ES A PP S R NN

exteroception) . G J&K 5% (teleception) .
P P

2

N

MR PRI RS . ABSE R EFBLR] . A
RIS 045 S R A A5 DT T T T 3522 SR, 3k
SERE 2 TR G, AN ARG YT 7 280 AR
TRIEE THREW A AR, BO6F HE JR A2 4155075 S AR
NBEAAIESE Y 22 53" DR XHERARERIRTTE 3
TN PRI Faz 8l AR i 28 5, i H RTE
TAILARESE BT HATEAEH AL iy A3 fil
S EFEIAGIT %,  112 440 LAz 5l
S EIRAAIESEEAT TIE, (H i T2 S0 26 R0
BRA, W7k B 5803 BORS BEAN EL AR . BRI
EGEAESEA SRR iU e h i B2 6, HH
T FE B AR LA Sl LA AR e 5 B A JRE S AR Y
WHoE. Bk, AREFTE 3~6 % G UARIESERE T 1 4E
MESEAT oMM, IRl ) AR EGE RE ) SIS %
JEAKFIRSENE, Sl LR T 20 M B s sh iR
P .

1 HARMNEKEE5HE
1.1 WHRMEER

KRR , SR 5T X B A ST 4 LR/
o RPES 20 £ 4D LRINANT S, Bk 60 44, I
30 44, B30 f4. SZIRFEIRITE 3~6 5 . At
53 FUMLILAE 3 AZ UL 4 AP LT L 4
BAMIIAE 4 RZ UL SRS LUUTFHILE; 5 84
LEE SR LILE 6 BB LT IILE. rasits
HEBR FENEA A EBN, ARSissiE; Sikk
B 5 o S ARSR R . AT ) 323 SRR
fERBEAMNR Z G IR R . ZIE ARG OLILZR 1,
A LHA S L BEAE B IR | SRR £ (BMI)
FESARAGREE; TRREBE. BRLHEIEFR
ZH ] LA, B e RS HE bR 1 22 S A 2
I 7E BMI 4845 b 925 AN HAT i 1

F1 TEWGEARER(x£9)

S Y d *
nIA % @&/cm wE/kg BMI niIA % &/cm ¥ /kg BMI
3 10 98.63+4.65 15.512.30 15.88+1.48 12 100.59+3.98 16.22+2.06 15.97+1.04
4 12 109.19+4.49”  17.99+1.64"  15.08+0.81 10 108.1+4.33% 18.07+2.25"  15.43+1.34
5 8 115.43+1.787%  21.81+5.447%  16.30+43.55 8 116.38+2.59%Y  21.83£2.377%  16.09+1.32
Bt 30 107.06£7.77 18.06+3.86 15.65+1.98 30 107.60+7.49 18.45+3.17 15.83+1.22

D5 3 Faki, P<0.05; 2)5 3 F41rkE, P<0.01; 3)5 4 Farkik, P<0.05; 4)5 4 F 4k, P<0.01



LARR ]

RIHNEE : 3~6 % 4  LAARIEGERE ) R SR S SRR P R AE S AR S PERT S 133

1.2 ZRIKEESDEE SR

fifi Fl 5 2% X—-SENS 23 Al A= 77 f) X-SENS = 4E 515
P E S R GRS ) LIRS T AR BE ) % R
BT ki B 1) = ) B A S, S R D PR AR ) = 4
o3 [ B, B RPN A as Rl B BLAGRE T, L
XA PR P45 BE RS S st ieiibsd, 2 Bl
ARG B P T2 R 0 — R s

F1HF X-SENS =HEAMRBGEIIR, A2
FEAREE . R X-SENS = ZE AR . 15k
IR 1 7 T2 I FH R/ R R o iE 5 7, AL I
Y RE Dy AR L X RS AR AT, 2 il
FNRFARE AT, 22X RMESR T b, BV
i, WFSHTHRF L, FRTFO, RS,
XUR SR 2K BARIIRIRAS , BT .
MRXHFG, A2 PSR HBR %)/ NBR T 2 Gy
AR 1350, 158 5s, DR E. FRIKE S
WA, SR Z G s, EERTE Mg,
TSRS A EE, TR 3, MRS, T e
P4, O b ) 52308 BRI v, PRz E e
e5e A, it 3~5 ISR K g 32 e 75 HiL g
DT WORSEARE, S5 PRGN R Ty 10 a0 1 T i R
L HAAZ G I TR . 055 EAR A5 S0 £ B 11
w25, Mt 3 IR ZE M BRI 32 i A AR
ST B ERE T
1.3 MEXIMELZEMR

KRR SR & AR (TCMD -2/ M iEAf T 5.,
XTI LR SR & JRACE A TR . TGMD It
LG T 1985 4F, 2000 4EH Ulrich XfHH#AT TIEIT,
TERUT 55 2 IRAS(TGMD=-2), J&& [ THTIFAL 3~10 %
JLEERIR SR & ARSI & T 2" L B AR
SIRE 1 I 55 A A ERVERE T I 56 PR R . BHARS
SR AR AL | S Bki . Bk . Bk Ay
W M 6 D ahfE; W IAERYERE I 5 4 S
frsk, #ZEk. BEk. BEEER. LFEER. HIRER 6
A, BAL 12 AT E . TGMD-2 H i &5 H
FRELLE ST 2 YRSy, TFARYE 3~5 DMIRESATIVSY, W
JE—ARIER 17 4y, SRIGXHS T BT, B ahhg
1885 FRAERE T B 348K 48 43, TGMD-2 3£ E fA
BHEERWETC PR 2, IR SR AEE T 8k
TESEA RIS BERRUE 2™ 3 R0l
5T TGMD-2 7 ELE A v 171, S5
7 TGMD-2 HATH e A5 B A, o TIEm
3~10 % JLEE M HLR ShE & Rtk .

AMWFFAEMNAZS R 2 S8, ML 15 # 40U
MRS EL 5 2) A TR E & KR s, R

H 25%, %t PRI EE SR 0 — SRR E TR . SR
Pearson i BLAHICATSS, 151 PIUCINRZAERY Pearson
FHICHRECH 0.93, HHCHEHRAIER B (P<0.01), i
BIAHIF5E Fh 2R FH ) TGMD—-2 5 il {5 B R4,
1.4 BERAIB S %

{1 SPSS20.0 HA4, X IR EUE A Tl iR oy
M. BT AV E S, B K-l P<0.05,

2 ZFR5HR
2.1 REEHHILARKRESRE 189 LR

H A T ARG 8 10 1w s
B B, TG, IR SRR S A
W, Hordsews R LB SERHE SR . S50
BT A UG O T, I s P
MBS EFHIRE ), e L P B S DG AR
1) 25 (R S Wl 35 B B 45 5 32 sl b T LA
T Bl BN BN 4 0GB 5 A2 A AR e £
BB SCTT F R BIE, LA A B Y 22 SRV
EN HET, KEB A A B M R 2 A S
SRR, MRS — e AR, ARG
FHILMEL . AR T X-SENS =4k 515 {07 B3
MRS, 2 R THEH A, DORS B
150, A H RTAS AR A B S )2 (A — R
A RAFAR BRI ™

22 X-SENS =4EXif B Rt iR, 3 24
YA B R ZE A BEEN (1079 £3.40)° , 4
LAY BRI AE I ] (9.81 £2.04)° , 5 %
ML B TR ZEfEIIE M (7.32 £ 1.51)° . RAJHR
K2 ANOVA 737, 455838 3 415 4 5 414 )LIEIY
P2 SN B (0 o R 2 R (A 2
BAl 10 32415 5 B g LIRIp Eai s 5 HAHE
W ETE(P0.01), 5 B U EIEIREMAIEE A BT 3
LU 4B 5 BALLEE b2 R HA B
(P<0.05), 5 ZANESEIREMEEA BN 4 241,
2.2 AEEHHILERNER BKTER LI

RS SERILA RN, AZESIERT Lok A
KEWERAG A ZIAE R SR R4 i SRR LA B
RBE=A0aE, BFGITE . F#70. BRERSE, (KETEh
J& TR BESSIE B G A B R ds i S A/ MILR S
PIEE= L shfE, g, B5 ., 420, 7)Y,
Hopas BRI EE— 2415y, WIS MRS S s
A EYESIIE, TOMD-2 i Xt A% s b A e sh
VER I AN ) LB K SR & SR AB DL

M 2 iU, 3 4 LHER ShE & R # AN B
A, BEESIVEIR 20 25 48, BRAVEVESh 1S40 ) B



134 KEFH

23 %

K, X220 18 71, RLRSMELSDZN 43 55 4 %
N2 LRSS A I, #5002 32 73, #R4E
PESIERE IS = 23 73, BIREIE BRI M2 55
grs 5 FALIUMRSITERE I 4kEE N, B aitksife
IHEIEER 34 7, MHRAEMESIIE SRR, 12 30

g1, IERIREIMEE 64 73 RHTHINER ANOVA 73
Prkdt, BRT 4 245 5 2 AR SPEIERER,
FSUAFERRAR B 1 AR W2 [E] 235 0 25 57 (P<0.01).
MSTREA TR PSSR B, SR SIE R KT
T FRIMENZE S, B BRI s T

£2 HIEXPERRKE (x +5) FREEMRBIIER L

S 20 SR A A B AL ARSI MK RIF
3 ¥ 22 24.50+4.46 18.18+3.30 42.68+6.45
4% 22 31.50+4.817 23.27.41+5.34” 54.77+8.85”
5% 16 34.13+3.677 29.56+4.29°Y 63.69+6.3321Y
bt 30 30.07+5.84 24.17+6.86 54.24+11.45
e’ 30 29.23£6.10 22.06+5.54 51.29+10.88

D5 3 U, P<0.05, 2)5 3 4, P<0.01; 3)5 4 H 41K, P<0.05, 445 4 Z41HLE%, P<0.01

2.3 H)LAKEGE RN SERXERRKTRILLE

XF gl LA e R 22 FA R L RUR SRR
BRFEIEEBMI) . FHE 2 BT Pearson A4
Br, SEREIR, MKRIWER 500 B0 522 1 B A G
FHCN-0.73, FAAEAER & AR ICC R (%0.01),
LB EAS 7 B0 4l L, L D0 R 22 1 B B )N,
RIAS ARG BE B 5 A5 07 015 25 AR ARG
R HCH 0468, W AFTEARH W EH MR COC R
(P<0.01), AFMABCR, {7 B IR2E F OB/ (08 SR
ZAE S B RFRIE B BMDHERECY 0.119, &
FEAE S IAIDEE R (P250.05), AT, D LEEIERES
ILARBSERE ) Z SR AR

3 H5iE

ARG Ty N RS R GE 2 —, W H
B BT 2 AL LA N, e
1932 3l o B 45 B B AMEH . — VLSS eI AL
FREE ST AE IE B WL A AR RS E R 1P, x4
IR EhE K R B B O B AIMEH . ARG R B A
RLER & A AR AR ST | LU S R R
SN R AE SRR RIS EF L.

MBS RE— R BR R, 3 % IR
6% BRI, 4~5 BT RZ N 1.0, A FRIR A
HE BB RO TRE, 6~7 S RHEAR A
SEs WLHAE 3~7 d ESETAY BT, 4 SR E 58
B N NRAAE | G B BRI — R, A
PRIBSE AR R, BT SClkxT L2 B A A
ESEH TR . AR ER, 3 SAYILBE S
SAREMELAN 11° , 4 BHLILIIRE A OB SR
ERPELHN 100, 5 B HLIIEET i B IR M
FEZR 70, ARIRAHIRIEIE BEINZES . BEEAEIR

W, A LRAAIRSERE A T B RS R . A
FORM RN AT LB AT TIAT, BRI
AN BEAS AR, (RS (L B R 2 A B — M
#hy 3~50 1,

AW RIL RN, LA RE S SRR
IR K | AR TR AEAR T B AR R,
S LA BRI RE R R . RG], 4h)L
AA A S, ORI A ROK P , M4l L
SEATAEIE LT AN 20 HAAE T8 R o AR AR SE
A K 55 IR RLZAT B T 4 LAY B PR A Jg o AR
FEAREW], 4 LA Mg e ) 5 MR SR K-F
BB IEAHSE R R AT & sl ] SR e RS, nl UL fie
HEADLRIARIEGERE S04 w4 Lt & K2k
WA LB B IZO ILER MG P, ik
4L SRR B SR, LIPS E RS,
T 5 B A ST 5 3 SR HEASE

S Rk

[1] JONES. “On the nervous circle which connects the
voluntary muscles with the brain” , Philosophical
Transactions of the Royal Society[J]. Opcit, 1972,
116(6): 299.

[2] BASTIAN H C. The “muscular sense”: Its nature and
cortical localization[J]. Brain, 1887, 10(2): 1-88.

31 @ EBHA. & RI - HA4F - 2 [EB/OL].
http://baike.baidu.com/link?url=Vv81QD6QW32DgPm
YYix6phSs HShDFhNNY4rS8ds01DF0xjOXOc9colk
W_8XFMOYHaDEcKk2z MShkAfEJKS8-K.

[4] JONES E G.. The development of the “muscular
sense” concept during the nineteenth century and the

work of Henry Charlton Bastian[J]. Journal of the His-



RIHNEE : 3~6 % 4  LAARIEGERE ) R SR S SRR P R AE S AR S PERT S 135

tory of Medicine, 1972, 25(2): 298-311.
[5] A4y, EAd, foigA. EshARF[M] 2 KR I

T SEHH AL, 2009: 178-179.
[6] MAE, ZHg, w3k, F. KRR 2704

EBIEAY Z B BT[] ﬁ‘aﬂ—q—, 2014, 34(4):
41-48.

] 3, EFH. BRXP RBE AR HRIIK[T].

‘Pl A4 &, 2010, 10(9): 851-854.
[8] &, Bk, AL GGG R L T E
é‘wm P EESHEFEE, 2009, 28(6): 713-716.
] HRFAR. AR 5 MR 0 R A]. FE
%EJ&L 5k, 2004, 10(5): 295-296.
[10] FORKIN D, KOCZUR C, BATTLE R, et al
Evaluation of kinesthetic deficits indicative of balance
control in gymnasts with unilateral chronic ankle
sprains[J]. Journal of Orthopaedic & Sports Physical
Therapy, 1996, 23(4): 245-250.
[11] MATTACOLA C G, DWYER M K. Rehabilitation
of the ankle after acute sprain or chronic instability[J].
Journal of Athletic Trainers, 2002, 37(4): 413-429.
[12] 24, RBH#, afl BREahiREATE
I AR5 PR B4R 09 TREREAT R [I]. T M
RE FEFR, 2003, 23(3): 21-22.
[13] EILS E, ROSENDAUM D. Amultistation proprio-
ceptive exercise program in patients with ankle instabil-
ity[J]. Medicine Science and Sports Exercise, 2001,
33(12): 1991-1998.

R e S S e S N S S S o)

[14] AT A&, AT FEHUAL Fo AR 5T AR 4R 32 A 89 3 3L
[J]. AT SRR, 1982, 8(1): 37-41.
[15] 225, A%, ZEF. AKX GHA

A AR AR AT 2U[]].
32(8): 696-701.

[16] ULRICH D A. Test of gross motor development
(second edition) examiner’s manual[M].
TX:Pro-ed Publisher, 2000: 3.

[17] WESTENDORP M, HARTMAN E. The relation-

ship between gross motor skills and academic achieve-

P EESEF&RE, 2013,

Austin

ment in children with learning disabilities[J]. Research in
Developmental Disabilities, 2011, 32(6): 2773-2779.
[18] &%, LeE. ILEHELEMNK(TGMD. 2)45
JEFe R E BT[], KA F R, 2007, 14(3): 37-40.
[19] T =E. Fé&T 3~10 %ILEXINADELED
RI R M B w ARG Z S [D]. Fd: LAIFEX
5, 2013: 4-6.

[20] STILLMAN B C. Making sense of proprioception:
the meaning of proprioception, kinaesthesia and related
terms[J]. Physiotherapy, 2002, 88(11): 667-676.

[21] VIDONI E D. Proprioception is “central” to motor
learning : different consequences of peripheral and central
proprioceptive disruption to sequence learning[D]. Kan-
sas: University of Kansas, 2008: 23-30.

[22] 44, B, FHILERET SREM]. LT F
R AR, 2012: 15-17.

o e i e S S S S S S S Sl




