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Research Article

Abstract

BACKGROUND: Genu valgus as a major deformity of children’s lower limbs may appear abnormal manifestations in the early stage of growth and development.
However, the current research mainly focuses on the surgical treatment, and the research on the gait of children with genu valgus is relatively lacking.
OBIJECTIVE: To provide scientific basis for the early evaluation and treatment through the systematic analysis of the gait characteristics of children with genu

valgus.

METHODS: Fifty children with genu valgus and 50 healthy volunteers were selected. According to the occurrence of genu valgus, the subjects were divided into
3-6 years old and 7-12 years old. Three-dimensional gait analysis system was used to collect the kinematic, dynamic and spatiotemporal parameters of each
subject. The gait parameters of children with genu valgus were compared with those of healthy children to summarize the gait characteristics.

RESULTS AND CONCLUSION: (1) In terms of spatiotemporal parameters, the step length, forward velocity and step width of children with genu valgus
decreased, while the single support time of children aged 7-12 increased. (2) In terms of kinematic parameters, the angle of foot pronated and genu valgus
increased; the angle of tibia internal rotation increased; the maximum extension angle of hip joint decreased; and the angle of foot clearance decreased in
children with genu valgus in stance phase; the maximum plantar flexion angle and the range of ankle joint flexion also decreased in children aged 7-12 years
old. (3) In terms of dynamics, the ground reaction force in vertical direction decreased when the foot was off the ground; the maximum power of ankle and
knee joint of children at the age of 3—-6 decreased; and the moment of knee valgus decreased; the ground reaction force in vertical direction decreased and the
power of hip joint decreased during the loading response period of children at the age of 7-12. (4) The results show that the walking efficiency and stability of
children with genu valgus decreases, the lower limb propulsion ability decreases, and the line alignment is abnormal in ankle and knee joints. In children with
knee valgus of low age, the compensatory abnormal movement of hip joint and the functional decline of lower limb muscle group are more obvious; in children
with knee valgus of mature gait, the abnormal compensation of hip joint is reduced, but the abnormal line alignment of ankle and knee joint always exists.

Key words: genu valgus; children; three-dimensional gait analysis; force line
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Figure 1 | Location of fluorescent labeling points on body surface
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Figure 2 | Flow chart of group allocation
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Table 1 | Comarison of basic information of included subjects

iRl n o MR (n) 8 PR WABER
ﬁ (xts, %) (xts, kg/m’) (xxs, cm)
A4 3-6% 32 23 9 4.35:0.94 16.49:1.54  5.93%1.58
7-12% 18 7 11 836176 19.63+3.11  6.62+2.13
fEEXTREZH 3-6 4 30 10 20  5.01:x0.87 15.75+0.74 /
7-12% 20 4 16 9.30+1.17 18.02¢3.00 /
P <0.05 >0.05 >0.05 /
24 FL3-6 % P R ASOLEANHT  SRRALAILL,

3-6 F R BRI L XUME . Dk B B, B 5
RN, ZERA BETER (P <0.01); BN SHEME
rEE X AL, REIH MR 2R (P>0.05), ik 2.

®2 | 3-6 SHIMEILERIER/LENZSHILE

Table 2 | Comparison of spatiotemporal parameters of 3-6-year-old
children with genu valgus and normal children

(xts)

45 i

WA (em) B (em/s) B (5 /min) STEERHE 2RLL (%) 2P 9E (cm)
EANERZL  40.40%4.67 94.77+13.72 142.78+14.93  62.03+2.00 10.74+1.74
fiEREXTIR4] 47.2046.98 109.96+11.97 151.01+8.46  60.96+2.30 8.83+1.43
Z/t 1 -4.531°  -4.629° -0.183" -1.803" 4.691°
P 0.000 0.000 0.855 0.071 0.000
5 7

K (em)  SBIE (em/s) B (25 /min) SCEEMIE ARLE (%) 2598 (cm)
ESMEIZ 39.29+4.69 92.29+413.53 141.33+13.85 61.8242.19 10.74+1.74
R FEXTHRZE 46.2946.19 109.304£11.62 141.64413.38  60.99+2.20 8.83+1.43
Z/t -5.009°  -4.623° -0.202° 1.474° 4.691°
P1E 0.000 0.000 0.840 0.146 0.000

Rk a FoR tRIRM tE, b R IESERRN Z (4

2.5 FLA3-6 ¥ FIbEGE ) F ARLE AT SXTTRALAALL,

3-6 5 LN STHEAN AL PO BRE T340 L S 1) ARG i T
PRI (P < 0.01), SZEEAHIEE ST HMEN A P S LR 1T 41 e
FHEEBMEHTIN (P < 0.05); FEREAN LIS AN, XU AL FFRT #
JE B A MBS 5 doe R R A1 BE W 2 i/ (P < 0.05); XU %
B A E N, H 22 57 0 B (P> 0.05), HLER 3.
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2.6 FILE3-6 F FIbE ) ) F AKOLE AT HXTTRALALL,
3-6 % JRAME LB XU IR I FZ2 R BROGTS B R T B
A (P < 0.01); MG FRILMMRE ST B KT LI 5517 3 il
TR/ (P < 0.01); XU FZ1 S g5 50T i K Th = K UL
SAR1E (P>0.05), U3k 4.

2.7 ML T7-12 F i E RS SAT SXIRAM L, 7-12
LA BN L UK 2T/, SCREEAR B R
ik, BEHENM, ERYEEEEZ N (P<0.05),
HAup, A M/ NEE (P <0.01); PSR
b, REIHHEZR (P>0.05), W% 5.
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Table 3 | Comparison of kinematic parameter of 3-6-year-old children with genu valgus and normal children

205 EEplll
SCHEAE R RIS A (BOKE ) R A (BKAE ) SR AN SRR I SRS f B SRR AR M i R A (KAL)
¥IfE BIfE ¥IE BIfE

BAMEIZL  3.7046.09 70.76+8.03 -7.47+4.42 6.69+2.78 1.7249.68 5.58+10.38 6.00£5.96

fE X HEZ] 11.7443.25 74.56+5.25 -5.41+3.94 1.95+2.27 12.09+7.49 -1.7546.73 9.81+4.87

Z/t {8 -4.705° -2.310° 1.930° 7.315° -4.324° -3.276° 2.745°

Pl 0.000 0.021 0.058 0.000 0.000 0.002 0.008

215 Fe
SCHERE IR RIS AR (BOKE ) R R A (KA ) SRR AN S AR S MTLEE f B SO IR M i R A B (SR Al)
¥IfE ¥IH ¥E ¥IH

JBEAMEIZ.  3.33#5.55 70.56+7.87 -6.075.60 7.20£3.26 -0.1848.92 6.15+6.92 7.6246.32

fi X HEZH 10.073.27 74.1345.57 -5.1345.38 2.41£12.50 7.7416.61 1.65%6.48 9.91#5.52

Z/t{H -4.289° -2.137° 0.666° -5.228" 3.903° -2.612° 1.503°

P1{A 0.000 0.033 0.508 0.000 0.000 0.011 0.138

vk RO R AUEARE M WO MM B AUERRAIE; a Fom tRIRH tEH; b RRAESEE RN Z E

%4 | 36 SHINNILEREEILENNFSHLLE (xxs)

Table 4 | Comparison of kinetic parameters of 3—6-year-old children with genu valgus and normal children

2H 5 EEpll
FZ1(N) FZ2(N) BRI KT (W/kgem)  ERATRONTIZ (W/kgem) BRI RRT)ZE (W/kgem) BT A B 1% (Nem/kgem)
SR ZH 1.13+0.14 0.95:0.07  1.66+0.49 0.2840.16 0.53%0.23 0.070.07
{0 HEZH 1.11£0.17 1.06£0.06  2.26%0.51 0.37£0.16 0.48+0.10 0.10+0.04
Z/t {8 -0.03° -4.365° -3.012° -1.713° -0.325° -1.772°
P 1Y 0.976 0.000 0.003 0.087 0.745 0.076
28 531 Tl
FZ1(N) FZ2(N) BRCTTBORT)E (W/kgem)  JRTTHBCRTIZ (W/kgem) BT RCRT)ZE (W/kgem) TS B 1% (Nem/kgem)
JERA B ZH 1.12+0.13 0.95:0.07  1.660.60 0.24+0.18 0.47£0.15 0.060.04
f R HEZH 1.11+0.12 1.06:0.08  2.3110.53 0.45+0.25 0.4310.14 0.11+0.03
Z/t {8 -0.063" -3.759° -2.947° -2.803° 0.799° -3.805°
Pl 0.950 0.001 0.005 0.005 0.429 0.000

Rk FZL, FZ2 4350 97K 5 s I B[] 3 f 7 R /2 e g L T B 2 L5 T g o a o ¢ KRR ¢l b RondESHuaiam Z
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Table 5 | Comparison of spatiotemporal parameters of 7-12-year-old
children with genu valgus and normal children

(xts)

45 i

WK (em) B (em/s)  2DA( 25 /min) SCEERAE 2R L (%) B5E (cm)
AL 52.2946.36 108.17+8.79 125.92410.09 61.60£1.55 11.85+1.88
R FEXTHRZH 56.9945.14 118.13+12.99 124.00#8.21  60.37+1.22 9.59+1.23
Z/t 1l -2518°  -2.737° 0.644° -2.602° 4.427°
Pl 0.016 0.010 0.524 0.009 0.000
5 il

K (em) BT (em/s) BT ( 25 /min) SCEEREE 4L (%) 255 (cm)
WEAMEEZL  51.1446.08 108.06t8.94 126.49:9.98  61.83£1.38 11.85+1.88
fiEREXTIRZH 57.2345.46 118.81+12.83 123.68+7.31  60.22+0.77 9.59+1.23
Z/t -3.299°  -2.982° 1.012° -3.324° 4.427°
P14 0.002 0.005 0.318 0.001 0.000

Rk a Fon Rt b R IESEUR R Z (H
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2.8 F7-12 FFR IR F) F AR S ExT 4L
b, 7-12 % JEAMER ) L3 U B DG 5 B K B i A R iz 3l
YO B LN (P < 0.01); SCHEAHJE P9 B0 A B S R ) AL
FBESAE BRI/ (P < 0.01); SCHEARIR ST P35 0 F FE 1
(P < 0.05), FEBEANIGA AR, U AL R T75 B B A i
KT B KM A B BB 98/ (P<0.05), TLEk 6.

2.9 B 7-12 R B A F AR S X IR4LA
L, 7-12 % jehNE0 ) L3E U325 HE 3 FZ1 B2 FZ2 JAIK (P < 0.05),
e MR IR % 5 K Dh R W B/ (P<0.01), L3R 7.
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Table 6 | Comparison of kinematic parameter of 7-12-year-old children with genu valgus and normal children
2051 Fin

L JEE ) BOCTIEEEE MR NRIMEE IS AN M SRR E M A R A

(MY ) (K1) (BKfH )
AN 17.78+5.79 25.5045.18 4.3445.65 67.0745.72 4.29+2.71 6.00£5.96 4.65+4.71
fREEXTIEZ 24.71£5.73 31.08+4.99 11.74%2.19 74.0615.81 2.51£2.33 9.81+4.87 7.06£6.03
Z/t {8 3.751° -3.423° -3.196" -3.296" 2.206° 2.745° -2.000°
P1H 0.001 0.002 0.000 0.001 0.034 0.008 0.045
5] Tl

R AR R PROGATIZEE SR RAESE RS A SCEEMBAMIAEIE AR M A E R A

(KA (H5RAH (HRAE )
EAMEIZ.  17.73:4.78 26.115.34 4.2745.82 69.00+5.80 4.46%2.63 7.62+6.32 5.555.01
XTI 4] 23.3646.28 30.51+4.45 10.09+1.96 73.2146.34 2.12+1.70 9.91#5.52 8.095.93
Z/t 8 3.129° -2.845% -3.072° -2.173° 3.404° 2.842° 1.440°
P1H 0.003 0.007 0.002 0.036 0.002 0.007 0.158
FiE: a FoR K tH; b RpRAESER N Z H
7 | 7-R2 5BINLEREEIENNESHLLER (x+s)
Table 7 | Comparison of kinetic parameters of 7-12-year-old children with genu valgus and normal children
45 Ay

FZ1(N) FZ2(N) BROCT BRI E (W/kgem)  BRSCHTERCRTNH (W/kgem)  HERATHRCRTIZE (W/kgem)  HRSGTT AR /% (Nem/kgem)
JEESNERZH 1.07+0.07 0.99+0.06 2.03+0.46 0.28+0.14 0.37+0.17 0.10+0.06
fiE XA 1.110.06 1.05+0.07 2.00£0.44 0.33%0.25 0.38£0.12 0.10£0.03
Z/t fH 2.071° -3.051° 0.194° -0.366" -0.263° -0.049°
Py 0.045 0.004 0.847 0.714 0.794 0.961
2153 T
FZ1(N) FZ2(N) PR RRTNE (Wikgem) TR KT (W/kgem) BT RARTIE (W/kgem) BT N EH % (Nem/kgem)

JEEAM R ZH 1.06+0.08 0.9920.06 2.04£0.54 0.2620.15 0.30£0.11 0.07+0.06
fFENTIEZH 1.1020.06 1.04+0.08 1.9240.39 0.28+0.14 0.43%0.16 0.09+0.03
Z/t fl -2.017° -2.046" 0.730° -0.994° -2.963° -1.492°
P1H 0.044 0.041 0.470 0.320 0.005 0.144
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