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Abstract: Objective To establish percentile reference standards for kidney dimensions by sex and age for healthy
children aged 6 to 12 years,in order to provide reference for the assessment of child kidney development and diagnosis of
related diseases. Methods A cross-sectional survey design was employed. and in May 2023, a cluster random sampling
method was used to select healthy children aged 6 to 12 years from two primary schools in Tongzhou District, Beijing, as
the study population. Color Doppler ultrasonography was used to measure the bilateral kidney dimensions of the
participants. The LLambda-Mu-Sigma(I.LMS) method based on skewness, location, and variation smoothing, was used to
establish percentile growth curve models for kidney length, width, and thickness by sex and age for both the left and right
kidneys, thereby obtaining percentile reference values for kidney dimensions in healthy children aged 6 to 12 years.
Results A total of 2 193 healthy children with a mean age of (9. 041.7) years were included, among which 1 166(53. 2%)
were boys. Growth curve models for kidney dimensions in children were established using the LMS method, yielding
percentile reference standards for kidney dimensions by sex and age for children aged 6 to 12 years, including length, width,
and thickness for both the left and right kidneys. The length, width, and thickness of children’s kidneys increased with
age. The length and thickness of the left kidney were greater than those of the right kidney, while the width was smaller.
Conclusions This study developed percentile reference standards for kidney length, width, and thickness by sex and age for
healthy children aged 6 to 12 years, which can be used for assessing kidney development levels and as an auxiliary diagnostic
tool for related kidney diseases in children.
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Tab. 1 Baseline characteristics of study participants(ax +s)

Gy JE¥E BE g t/y* {H P18
1) %k 2193 1116 1027
AEWS (%) 8.96+1.75 8.98+1.72 8.9241.77 0. 835% 0. 404
% (cm) 140.22412. 84 140.79+12.62 139. 54413. 05 2.278% 0.023
R (k) 38.87+14.96 40.76+15.56 36.73413.96 6. 393 <20. 001
W [ HC0] 6. 330" 0. 387

6~ 165(7.5) 79(6. 8) 86(8. 4)

7~ 362(16.5) 194 (16. 6) 168(16. 4)

8§~ 423(19. 3) 221(19.0) 202(19.7)

9~ 389(17.7) 205(17.6) 184(17.9)

10~ 366(16.7) 205(17.6) 161(15.7)

11~ 286(13.0) 163(14. 0) 123(12.0)

12~ 202(9. 2) 99(8.5) 103(10. 0)
A2 E RS (em)

K JE 8.9140. 88 8.90+0. 83 8.9240.93 —0. 404 0. 687

i BE 3.8640. 44 3.87+0.41 3.8540. 47 1.572% 0.116

JE 3.86+0.50 3.92+0.50 3.7940. 48 6. 347 <0.001
BB R (em)

K 8.7040. 88 8. 68+0. 82 8.724+0.94 —0.998% 0. 319

S 4.0240. 48 4.03+0. 44 4.02+0.52 0.398% 0.691

JEL 3.3940. 45 3.464+0. 45 3.3240.45 7.168% <20. 001
LEATE R e

K B 20. 224¢ 15.636¢ 12.915¢

Vi B —20. 756° —14. 332¢ —15. 049¢

J5 R 52. 741¢ 38.709¢ 35. 818¢

Tt Ly fH . P<C0. 001,

F2 6~128FEHILEEFNIFEER S (em,x =5
Tab. 2 Average kidney size of healthy Chinese children aged 6~12 years(cm,x £5)
FRCH K : et . 1t
KB FEBE =89-3 KB 5i B BB

B

6~ 79 8.24+0. 65 3.6240. 34 3.5340. 39 7.96+0.57 3.8240. 39 3.17+0. 41

7~ 194 8.30+0.61 3.6040. 31 3.5740. 38 8.07+0.57 3.7340.32 3.1940. 32

8~ 221 8.61+0.54 3.7540. 28 3.8340.41 8.40+0.56 3.8940. 35 3.3740. 36

9~ 205 8.91+0. 64 3.8640. 31 3.9240.42 8.70+0. 62 4.00+0. 36 3.4340.37

10~ 205 9.254+0.73 4.014+0.42 4.08+0. 46 9.0040. 75 4.21+0.42 3.6040. 42

11~ 163 9.434+0.83 4.134£0. 40 4.194£0. 46 9.2640. 84 4.28+0. 47 3.6940. 48

12 99 9.6740. 84 4.27+0.43 4.33+0.53 9.4340.76 4.34+0.45 3.8240. 48
L

6~ 86 7.9740.48 3.4740. 30 3.4040. 33 7.7940.50 3.66+0.37 2.9940. 33

7~ 168 8.15+0.63 3.5340. 30 3.5140. 39 7.9740.63 3.7040. 39 3.1140. 34

8~ 202 8.51+0.61 3.6440.32 3.6640.42 8.33+0. 60 3.7640. 34 3.1740. 35

9~ 184 8.94+0.69 3.8640. 40 3.7740. 40 8.69+0.67 4.00+0. 43 3.3040. 39

10~ 161 9.4240.72 4.214+0. 46 3.9540.47 9.2440.77 4.38+0.52 3.554+0.47

11~ 123 9.76+0.77 4.1940. 48 4.104£0. 45 9.5940. 80 4.48+0. 46 3.5940. 44

12 103 9.9140.71 4.11+0. 34 4.20+0.41 9.6740.73 4.27+0. 40 3.6240. 41
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Fig. 3 Growth curves of kidney depth in children aged 6-12 years
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Tab. 3 Sex- and age-specific percentile reference values of left kidney size in healthy children aged 6 - 12 years(cm)

W, E O B % (i
*E*fi <§) Pl P'ﬁ P5 PlO P25 pSO P75 P9O P93 P97 PF)F)
K 6~ B 6. 85 7.07 7.20 7.39 7.74 8. 15 8.59 9.01 9.28 9. 47 9.82
gy 6. 77 6. 97 7.08 7.25 7.56 7.92 8. 31 8. 69 8.93 9.10 9.42
7~ % 7.07 7.28 7.40 7.59 7.91 8.30 8.72 9.12 9.37 9.54 9. 87
i@ 6.95 7.15 7.26 7.44 7.76 8.13 8. 54 8. 94 9.19 9. 36 9. 69
8~ 5 7.39 7.59 7.71 7.89 8. 20 8.57 8. 96 9. 34 9.58 9.73 10. 04
@ 7.22 7.43 7.55 7.74 8.07 8. 47 8. 90 9.32 9.59 9.76 10.12
9~ L 7.59 7.82 7. 94 8. 14 8. 48 8. 89 9.32 9. 74 10. 00 10. 18 10. 52
e 7.57 7. 80 7.93 8.13 8.49 8.91 9. 37 9.82 10. 11 10. 30 10. 68
10~ 5 7.71 7.97 8. 11 8.33 8.72 9.18 9. 69 10. 17 10. 48 10. 69 11. 09
i@ 7.93 8.18 8.31 8.53 8. 91 9. 36 9. 85 10. 33 10. 64 10. 85 11. 26
11~ % 7.79 8.07 8.22 8. 46 8. 89 9.41 9. 96 10. 51 10. 85 11. 08 11. 54
i@ 8.19 8. 44 8.59 8.81 9.21 9. 68 10. 20 10. 71 11. 03 11. 25 11. 68
12 5B 7.89 8.18 8. 34 8. 60 9. 06 9.61 10. 21 10. 80 11. 17 11. 43 11. 93
@ 8. 36 8.63 8.78 9.01 9. 42 9.91 10. 45 10. 97 11. 31 11.53 11. 98
P % <0.001 <C0.001 <C0.001 <20.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001
Py 4 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <Z0.001
T 6~ 5B 2.97 3. 06 3.12 3.21 3. 36 3. 56 3.78 4. 00 4.15 4.25 4.45
& 2. 88 2.97 3.03 3.11 3. 26 3. 44 3. 63 3.81 3.93 4. 01 4.16
7~ % 3.01 3.10 3.16 3.25 3.40 3.59 3. 80 4.02 4. 16 4. 26 4. 45
I 2.91 3.01 3.07 3.16 3.32 3.51 3.71 3.91 4. 04 4.12 4. 29
8§~ B 3. 14 3.24 3.30 3. 38 3.54 3.72 3.93 4.13 4. 26 4.35 4.52
@ 2.97 3.08 3. 14 3. 24 3. 41 3.62 3.85 4.07 4.21 4. 30 4.49
9~ 5 3. 20 3.31 3.37 3.47 3. 64 3. 84 4. 06 4. 28 4. 42 4.51 4.70
i@ 3.10 3.23 3.30 3.41 3. 60 3. 84 4. 10 4. 36 4.52 4. 64 4. 86
10~ 5 3.22 3.35 3.42 3.53 3.73 3.97 4.23 4. 49 4. 65 4. 75 4.97
i@ 3.27 3. 40 3.48 3. 60 3.82 4.08 4.37 4. 65 4. 84 4. 96 5. 20
11~ 5 3.27 3.42 3.50 3.62 3.85 4.11 4. 39 4. 66 4. 83 4. 94 5. 16
e 3.31 3.45 3.53 3.65 3. 88 4. 14 4. 44 4.73 4. 91 5. 04 5.29
12 B 3.33 3.49 3.58 3.72 3.97 4. 25 4.55 4. 83 5.01 5.12 5.35
i@ 3.32 3. 46 3. 54 3. 66 3.88 4.15 4. 45 4. 74 4.92 5.05 5. 30
Py % <€0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 =<Z0.001
Pian 4 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <Z0.001
JEE 6~ 5B 2.81 2.91 2.97 3.06 3.23 3.45 3.70 3.97 4. 15 4. 28 4. 56
@ 2.74 2.84 2.90 3.00 3.17 3. 37 3. 60 3.82 3.97 4. 06 4. 26
7~ 5 2. 88 2.99 3.06 3. 16 3. 34 3.57 3. 84 4. 11 4. 30 4. 43 4. 69
I 2.79 2.91 2.97 3.08 3.26 3. 48 3.73 3.97 4.12 4.22 4. 42
8§~ 5B 3. 00 3.12 3.19 3.31 3.51 3.76 4. 04 4.33 4.52 4. 65 4.92
i@ 2. 84 2.98 3.05 3.17 3.37 3.61 3.88 4.13 4.29 4. 40 4. 60
9~ % 3.08 3.22 3.29 3.42 3. 64 3.90 4. 20 4. 50 4. 69 4.82 5.08
i 2.91 3.06 3. 14 3.27 3.50 3.76 4. 04 4.31 4. 47 4.58 4.79
10~ 5B 3.15 3.30 3.38 3.52 3.75 4. 04 4.35 4. 65 4. 85 4. 98 5. 24
@ 2.99 3.16 3.26 3. 40 3. 65 3.93 4.22 4. 49 4. 66 4. 77 4.97
11~ 5 3.21 3. 38 3.47 3.61 3.87 4.17 4. 50 4. 81 5. 00 5.13 5. 39
i’s 3.09 3.28 3.38 3.53 3.79 4. 08 4. 37 4.63 4.79 4. 90 5.09
12 B 3.27 3.45 3.55 3.71 3.99 4.31 4.65 4. 97 5. 16 5.29 5.55
@ 3.19 3.38 3.49 3.65 3.91 4. 20 4.49 4. 74 4.90 4.99 5.18
Pian 5 <€0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <Z0.001 <C0.001
Py 4 <0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <Z0.001 <Z0.001 <C0.001 <Z0.001
I — R P 1) BB 7 95 £
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x4 6~12 FIERILEAE R AR 1A 536802 % (em)
Tab. 4 Sex- and age-specific percentile reference values of right kidney size in healthy children aged 6 - 12 years(cm)
BT S Y . ER:E0 € R4
*Eb/{;;ﬁ <§) ) Pl PS P5 PlO PZJ PBO P75 P90 P‘r)ﬁ P97 P99
KB 6~ 5B 6. 82 7.00 7.10 7.25 7.53 7.87 8. 25 8. 62 8. 87 9.03 9. 36
ks 6. 64 6.83 6. 94 7.11 7.40 7.75 8. 12 8. 48 8. 71 8. 86 9.16
7~ L 6.98 7.17 7.27 7.43 7.72 8. 06 8. 45 8. 82 9.07 9.23 9. 56
@ 6.79 6.99 7.10 7.28 7.59 7.96 8. 36 8. 75 8.99 9.16 9.48
8§~ L] 7.21 7.40 7.51 7.68 7.98 8.35 8. 75 9.14 9.39 9.55 9.89
i 7.02 7.24 7.36 7.55 7.88 8. 28 8. 71 9.13 9.40 9.58 9.93
9~ 5B 7.40 7.62 7.73 7.93 8. 26 8. 66 9.10 9.53 9. 80 9.98 10. 34
kg 7.32 7.55 7.68 7.89 8.25 8. 69 9.16 9.62 9.91 10. 11 10. 50
10~ L) 7.53 7.77 7.91 8.12 8. 50 8.95 9.43 9. 90 10. 20 10. 41 10. 80
ks 7.69 7.94 8.08 8. 30 8. 69 9.16 9. 66 10. 16 10. 47 10. 69 11.11
11~ L) 7.64 7.91 8. 05 8.29 8. 70 9. 20 9.73 10. 24 10. 56 10. 78 11.21
Eg 7.98 8. 24 8. 38 8.61 9. 00 9.48 9.99 10. 50 10. 82 11.03 11. 46
12 izl 7.73 8.03 8. 19 8. 44 8. 89 9.41 9.98 10. 52 10. 87 11.10 11.54
© 8. 18 8.43 8. 58 8. 80 9.19 9.67 10. 18 10. 68 11. 00 11.21 11.63
Pigs 5 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001
Py i <0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001
i B 6~ ksl 3.10 3. 20 3.26 3. 34 3.51 3.70 3.93 4.16 4. 31 4.41 4.63
kg 2.92 3.03 3. 10 3. 20 3. 39 3.62 3.87 4.12 4.28 4. 40 4.62
7~ L) 3.12 3.22 3. 28 3. 37 3.53 3.74 3.97 4. 20 4. 36 4. 46 4. 68
kg 2.95 3.07 3. 14 3.24 3.43 3. 66 3.92 4. 17 4. 34 4.45 4.68
8§~ B 3.19 3. 30 3. 36 3.45 3.63 3. 85 4. 09 4. 34 4. 50 4.62 4. 85
ks 3.02 3. 14 3.21 3.31 3.51 3.75 4.01 4. 27 4.44 4.56 4. 80
9~ L) 3. 27 3. 39 3. 46 3. 56 3.76 3.99 4. 26 4.53 4.70 4. 83 5.07
kg 3.19 3.32 3. 39 3.51 3.71 3.97 4. 25 4.53 4.71 4. 84 5.09
10~ L] 3. 36 3.50 3.57 3.68 3. 89 4.15 4. 44 4.73 4.92 5.05 5.32
@ 3.42 3.56 3. 64 3.76 3.98 4. 26 4.56 4. 87 5.07 5. 20 5.48
11~ 5 3.41 3.55 3.62 3. 75 3. 97 4. 24 4.55 4. 85 5.05 5.19 5.46
I 3. 50 3. 64 3.72 3. 85 4. 08 4. 36 4. 67 4.99 5.19 5. 33 5.61
12 B 3.44 3.58 3. 66 3.79 4.03 4. 31 4.63 4. 94 5.15 5.29 5.57
kg 3. 50 3. 64 3.72 3. 85 4. 08 4. 36 4. 67 4.99 5.19 5. 33 5.61
Py 5 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <Z0.001
Pigs i@ <0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001
JEL g 6~ L) 2. 44 2.55 2.61 2.71 2. 88 3.09 3.32 3.55 3.70 3. 80 3.99
b’y 2.34 2.45 2.51 2. 60 2.77 2.98 3.21 3.43 3.58 3.68 3. 87
7~ 5 2.52 2.63 2. 69 2.79 2.97 3.19 3.42 3. 66 3. 80 3. 90 4. 10
5’y 2.41 2.52 2.58 2.68 2.85 3.07 3.31 3. 54 3. 69 3. 80 4. 00
8§~ B 2.61 2.73 2. 80 2.90 3.09 3.32 3.57 3. 81 3.96 4. 06 4.27
ks 2. 47 2.59 2. 65 2.75 2.94 3.16 3.41 3. 66 3.82 3.93 4. 14
9~ ) 2.66 2.79 2.87 2.98 3.19 3.43 3.70 3.95 4. 11 4.22 4.43
kg 2.56 2.68 2.75 2.85 3. 05 3.29 3.55 3.81 3.98 4. 10 4.33
10~ izl 2.71 2. 85 2.93 3. 06 3.29 3. 56 3. 85 4.13 4. 30 4.42 4.65
b’y 2.66 2.78 2. 86 2.97 3.18 3.43 3.71 3.99 4.17 4.29 4. 54
11~ 5 2. 74 2.90 2.99 3.13 3.38 3.68 3.99 4. 30 4.48 4.61 4. 86
kg 2.73 2. 87 2. 94 3. 06 3.28 3.55 3. 84 4. 14 4.33 4. 46 4.72
12 5B 2.77 2.95 3. 05 3. 20 3.48 3. 80 4. 14 4.47 4. 67 4. 80 5.07
E’q 2.79 2.93 3.01 3. 14 3. 36 3. 64 3.95 4. 25 4. 45 4.59 4. 87
Py 5 <0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001
Py & <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001 <C0.001
A — AV TR U TR S A T A A
3.2 ILEALERMBER T £F BARDEMRIE Wi o 20 A5 B IE DR /N I 28 S — 5 T AT RE S PR Ol 22 Y B

KR BL e A7 BT /N 22 57 E 2 B A
AW L M ELE A RE SR & T4
B TR A5 43 ) R ST S A A
I LES P b e L DL A 7 A 22 S 6 DAl 4 2R B R

Jok 5 A B Bl bk o I A R AR i e AR R
UK T A S —J7 1 o 22 00 13 G A o7 4
ERE Ak 2 NS s o = o S i A o Sy [T
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JIE RO 2 5 A ARV ) 22 A AP AE i . R 2 5wk 5%
238 55 £ B R F O B 2 e A A HE
Gk HL Y B LM K F & @, ] W, Mohtasib
SFUIEET 950 44 0~ 14 1 U R L I IR K BlodiE &
.55 2N B S OR T4 B (P<C0.05), {H
R 2 0 A o {E /N AT RN B IR R R
TEAN R . 6~7 2 B EEKERE AR HE &
T, M 10~12 i, wiEm THHE, Xz
SRS HEEMEE UL SR IEAE KA, W
Al BB R AFFE A 22 R i B IR o EL i 75 2F — 2D B9
TUESE .

AHEFEAEAE LR L s Jmy B = 1) A B 5% T FH 4K
PR H LT @ M X 2 T 2E W0 28 A B 5T 45 R
FRERESZ B, PRI 52 i AR 5 435 21 1) S A K Sk iy 1
fieEZ POl RE—LHIN2DOMNHA 6~12 %
JLE ABE . RBEWE BI<5 ¥ LEM =13 ¥ FH D 4E
B T RS 85080 o A 05 W 58 g i — 20 T KR F 58 AHE
(R AT 1% 915 [ 5 3) AR BF 5% R A E B e X L 3B E R )
FR 5] o A R 4 [ 22 o0 KOBE AR 1 F 58 1 3 — 25 14
A LB S AR ) B R 2 hR i .
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