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Changes of sagittal spino-pelvic parameters with age

LI Bo, HU Wen, YANG Ming-yuan, ZHOU Xiao-yi, ZHAI Xiao, WEI Xian-zhao, YANG Chang—wei*, LI Ming*
Department of Orthopaedics, Changhai Hospital, Naval Medical University (Second Military Medical University), Shanghai
200433, China

[Abstract] Objective To explore the difference of sagittal spino-pelvic parameters at different age stages and the
changes with age in Eastern China. Methods The medical records of 311 asymptomatic healthy volunteers from Jan. 2014 to
Aug. 2015 in Physical Examination Center of our hospital were retrospectively analyzed. The demographic data and radiological
parameters were collected by two individual surgeons, including age, gender, maximum thoracic kyphosis (maxTK), maximum
lumbar lordosis (maxLL), maxLL minus maxTK (maxLL—maxTK), sacral slope (SS), pelvic tilt (PT), pelvic incidence (PI),
PT/SS, PI minus lumbar lordosis (PI—LL), sagittal vertical axis (SVA), T, sagittal angle, T, pelvic angle (TPA) and T, spino-
pelvic inclination (T,SPI). Pearson correlation analysis was performed to evaluate the relationship between age and sagittal
spino-pelvic parameters. A multiple linear regression equation was established to analyze the relationship between age and
maxTK. The volunteers were divided into seven groups (<20 years, =20 and <<30 years, =30 and <40 years, =40 and <50

years, =50 and <60 years, =60 and <<70 years, and =70 years), and the sagittal spino-pelvic parameters were compared
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using Kruskal-Wallis H test. Results In 311 healthy volunteers, the maxTK (»=0.280, P<<0.01), maxLL—maxTK (r=
—0.320, P<<0.01), SS (r=—0.216, P<<0.01), PT (»=0.237, P<<0.01), PT/SS (»=0.282, P<<0.01), SVA (r=0.279, P<<0.01),
T, sagittal angle (r=0.247, P<<0.01) and TPA (=0.259, P<<0.01) were all related to age, while the maxLL, PI, PI—LL, and
T,SPI were not related to age (all >0.05). According to the established multiple linear regression equation: maxTK=0.175 X
age+28.233, the maxTK increased by 1.75° every 10 years of age. There were 8, 56, 51, 59, 56, 56 and 25 volunteers in
the groups of <20 years, =20 and <30 years, =30 and <40 years, =40 and <50 years, =50 and <60 years, =60
and <70 years, and =70 years, respectively. The maxTK, PT, PT/SS, SVA, T, sagittal angle and TPA were significantly
increased with age (all P<<0.01), and the maxLL —maxTK and SS were significantly decreased with age (P<<0.01, P<<0.05).

Conclusion In asymptomatic population of Eastern China, maxTK is increased with age (1.75° per 10 years old).

[Key words| sagittal parameters; spine; pelvis; age; sagittal balance
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Tab 1 Pearson correlation analysis between age and

spino-pelvic parameters in 311 healthy volunteers

Parameter r P value
maxTK 0.280 <0.01
maxLL —0.031 0.591
maxLL—maxTK —0.320 <0.01
SS —0.216 <<0.01
PT 0.237 <0.01
PI 0.018 0.746
PT/SS 0.282 <0.01
PI—LL 0.048 0.401
SVA 0.279 <<0.01
T, sagittal angle 0.247 <<0.01
TPA 0.259 <0.01
T,SPI 0.020 0.720

maxTK: Maximum thoracic kyphosis; maxLL: Maximum
lumbar lordosis; SS: Sacral slope; PT: Pelvic tilt; PI: Pelvic
incidence; LL: Lumbar lordosis; SVA: Sagittal vertical axis;

TPA: T, pelvic angle; T,SPI: T, spino-pelvic inclination
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Fig1 Correlation scatter diagram of age and maximum

thoracic kyphosis in 311 healthy volunteers
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Tab 2 Analysis of spinal sagittal pelvic parameters of healthy volunteers in different age groups

Median (lower quartile, upper quartile)

Age (year) n maxTK (°) maxLL (°) maxLL—maxTK (°) SS (°) PT (°) PT/SS
<20 8 29.5(21.5,39.0) 46.0(41.5,56.5) 18.5(15.5,23.0) 34.5(33.0,44.0) 8.0(4.5,19.0) 0.2(0.1,0.5)
=20, <30 56 35.0(21.5,39.0) 46.0(43.0,56.0) 15.0(8.0,21.0) 34.0 (28.0,38.0) 15.0(10.0,19.0) 0.4(0.3,0.6)
=30, <40 51 33.0(28.0,37.0) 48.0(43.0,52.0) 15.0(6.0,21.0) 34.0 (27.0,37.0) 14.0(9.0,19.0) 0.4 (0.3, 0.6)
=40, <50 59 35.5(29.0,41.0) 47.0(41.5,52.5) 12.0(5.5,18.0) 30.5(26.5,35.5) 15.5(12.0,20.0) 0.5(0.4,0.7)
=50, <60 56 37.0(31.0,43.0) 47.0(40.0,56.0) 10.0 (3.0, 17.0) 32.0(26.0,38.0) 15.0(10.0,21.0) 0.4(0.3,0.8)
=60, <70 56 38.0(32.0,44.5) 47.0(40.0,54.0) 9.0 (1.0, 14.5) 30.0 (23.5,35.0) 17.0(13.0,23.5) 0.6(0.4,0.8)
=170 25 40.0(33.0,51.0) 48.0(42.0,56.0) 5.0(—1.0,12.0) 27.0(25.0,34.0) 22.0(15.0,29.0) 0.7 (0.5, 1.1)
H value 20.44 1.04 32.53 13.28 22.75 30.56

P value 0.002 3 0.984 2 <0.01 0.0389 0.000 9 <0.01
Age (year) PI (°) PI—LL (°) SVA (mm) T, sagittal angle (°) TPA (°) T,SPI (°)

<20 43.5(39.5,56.0) —1.0(—10.0,10.0) 10.0(—10.3,12.0) 16.0(13.0,21.0) 6.0(0.0,15.0) —4.0(—6.0, —2.0)
=20, <30 47.0(41.0,53.0) —1.0(—7.0,5.0)0 —9.0(—19.0,12.0) 19.0(15.0,23.0) 9.0(5.0,13.0) —5.0(—7.0, —3.0)
=30, <40 46.0(39.0,53.0) 1.0(—7.0,5.00 —4.0(—13.0,14.0) 18.0(14.0,21.0) 8.0(3.0,14.0) —5.0(—7.0, —2.0)
=40, <50 47.0(40.0,53.5) 1.0(—5.0,5.0) 11.0(—9.0,19.0)  20.0(16.0,22.0) 11.0(7.0,15.0) —5.0(—8.0, —3.0)
=50, <60 45.0(39.0,51.0) 0.0 (—9.0,6.0) 17.0 (0.0, 30.0) 22.0 (18.0,26.0) 11.0(5.0,17.0) —4.0(—5.0, —2.0)
=60, <70 45.0(39.5,55.5) 0.5(—5.5,8.5) 9.0(—5.0,27.2) 21.0(17.0,24.0) 13.0(8.0,18.0) —5.0(—7.0, —3.0)
=170 51.0 (44.0,57.0) 3.0(—7.0,8.5) 13.0 (3.0, 38.0) 24.0 (18.0,29.0) 17.0(11.0,22.0) —5.0(—7.0, —3.0)
H value 4.68 1.97 30.28 21.43 27.19 6.38
P value 0.586 0 0.922 4 <0.01 0.001 5 0.000 1 0.3824

maxTK: Maximum thoracic kyphosis; maxLL: Maximum lumbar lordosis; SS: Sacral slope; PT: Pelvic tilt; PI: Pelvic incidence;

LL: Lumbar lordosis; SVA: Sagittal vertical axis; TPA: T, pelvic angle; T,SPI: T, spino-pelvic inclination
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