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Influence of age, body position, and sex on sacrum morphologic parameters
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Abstract: Background In order to evaluate the sagittal balance of the spine and pelvis, spinal-pelvic imaging parameters have
become a research hotspot in recent years, and sacrum morphologic parameters have attracted much attention as a new parameter
system. The study of related factors is of great significance to improve the clinical application value of sacrum morphological
parameters. Objective To investigate the influence of age, body position, and sex on sacrum morphological parameters.
Methods Whole spine radiographs and spine MRI data were collected from the individuals who underwent physical examination in
our hospital from January 2013 to December 2020, and sacrum morphological parameters (S1-2T, SK, o, B, and 0) and spinal-pelvic
parameters (lumbar lordosis [LL] and pelvic incidence [PI]) were measured for 120 juveniles (in the standing position), 131 adults
(in the standing position), and 88 adults (in the supine position). Scatter plots of PI, S1-2T, SK, a, B, 0, and age were generated.
Sacrum morphological parameters in the standing position were compared between the juveniles and the adults, and Pearson
correlation analysis was performed for S1-2T, SK, a, B, 0, PI, and LL in both groups; sacrum morphological parameters in adults
were compared between the standing position and the supine position, correlation analysis was performed for S1-2T, SK, a, B, 6, and
LL, and the linear regression equations of 6 and LL were obtained. After control for the variable of body position, sacrum
morphological parameters were compared between adult male and female individuals. Results SK, o, and PI increased with age and
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remained stable after an individual became an adult, with SK and a increasing by about 10° and PI increasing by about 20°, while
there were no significant changes in S1-2T, 60, and . There was no significant difference in sacrum morphological parameters
between the juveniles and the adults (P> 0.05). There was no correlation between PI and LL in the juveniles (P> 0.05), but there
was a correlation between SK, o, 6 and LL (P<<0.05). There were significant differences in S1-2T, SK, and LL in the adults in
different body positions (P<<0.05), while no significant differences were found in a, B, and 6 (P>0.05). The correlation between 6
and LL was the strongest in the standing position and the supine position, with correlation coefficient of -0.520 and -0.530,
respectively. In the supine position, LL=-0.3398x 6 + 63.12(+=-0.530), and in the standing position, LL=-0.4509% 6 + 79.45
(=-0.520); There were no significant differences in sacrum morphological parameters between the male and female adults in the
same body position (P>0.05). In the male adults, there was a significant change in S1-2T from the standing position to the supine
position, while in the female adults, there were significant changes in S1-2T, SK, and a from the standing position to the supine
position (P<<0.05). Conclusion Age has little influence on sacrum morphological parameters, and the correlation between age and
LL is stronger than that between PI and LL in juveniles. a, B, and 0 are not affected by the changes in body position, and 6 can be
used to predict LL in different body positions. There are no significant differences in sacrum parameters between male and female
adults in the same body position, and sacrum morphology in female individuals is more easily affected by the change in body
position than that in male individuals.

Keywords: sacrum morphologic parameters; pelvic incidence; lumbar lordosis; imaging measurement; age; position; sex

Cited as: Li B, Song K, Wu B, et al. Influence of age, body position, and sex on sacrum morphologic parameters [ J ] . Acad J Chin
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Fig.2 Measurement of sacral morphology parameters and spino-
pelvic parameters
A: lumbar lordosis (LL); B: pelvic incidence (PI), S1-2 tilt
(S1-2T), Sacral kyphosis (SK); C: the angle between the
anterior edge of S2 and S4Col tilt (o), the upper endplate of
S1 and the anterior edge of S2 (B), S4Col tilt and the upper
endplate of S1 (0)
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Tab.1 Demographic information of the three groups

... Juveniles (standing, Adult (standing,  Adult (supine,
Characteristic n=120) n=131) n=88)
Gender/n

Male 55 69 34
Female 65 62 54
Agelyrs 10.3+£2.9 26.2+4.8 28.7+4.7
80r 90
60+ 80k
< 40l <70} .
3 . . S @
20F 60F °
%0 20 30 40 % 10 20 30 40
Age (year) Age (year)

100 80p
60F .- ..

40

SK ()

20+
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Fig.3 Correlation between sacral morphology parameters and age
A: correlation between o and age; B: correlation between 3
and age; C: correlation between 0 and age; D: correlation
between SK and age; E: correlation between S1-2T and age;
F: trend PI, LL and SK with age
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®2 RERFASREARBGFSHLE ()
Tab.2 Comparison of radiological parameters of juveniles
and adults (°)

Parameter Juveniles (n=120)  Adult (n=131) t P

S1-2T -15.5£5.6 -15.945.3 0.581 0.562
SK 51.6+11.8 50.3+11.9 0.868  0.386
PI 43.9+10.0 46.3+8.5 2.054  0.041
LL 50.3+12.1 50.5+10.9 -0.189  0.843
o 47.549.7 46.4+10.5 0.860  0.391
B 68.5+8.2 69.0+7.2 0.514  0.608
0 64.0+13.0 64.6+12.7 0370  0.712

a. B. 0 ZERITLIHEE XL (P>0.05), & 3/RHL
HIEASEE PL. LL MHCHE, K EESS
5 PL, LL HATHICH:, EARMAEANPLY LL G
FHIGHE
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AR o AR £ M [l 5 05 B, ARG .
LL=-0.3398 x 0 + 63.12(/=-0.530); i 7 fi: LL=
-0.4509 x 0 + 79.45(=-0.515).
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Tab.5 Pearson correlation analysis between sacrum
morphologic parameters and LL in adults with standing or
supine position

®3 REFASHFEARBEEFSHS PLLL Y
Pearson 18X 347

Tab.3 Pearson correlation analysis between sacral

morphology parameters and PI and LL in juveniles

and adults
PI LL
Parameter
Juveniles ()  Adult () Juveniles (r)  Adult ()

PI 1.000 1.000 0.164 0.533*
S1-2T 0.578* 0.656* 0.136 0.254*
SK 0.440* 0.527* 0.265* 0.432*
o 0.374* 0.452* 0.273* 0.396*
B 0.641* 0.741* 0.173 0.328*
0 -0.683* -0.795° -0.314° -0.515°
2P<0.05.

F4 BEANBIUSMEMISERSSHELR (0
Tab.4 Comparison of sacrum morphologic parameters in
adults with standing or supine position (°)

Parameter Standing (n=131)  Supine (n=88) t P
S1-2T -15.9+5.3 -17.9+5.0 2.800  0.006
SK 50.3+11.9 57.5+14.7 3.829  0.000
o 46.4+10.5 49.9+12.5 2238 0.026
69.0+7.2 67.2+6.8 1.854  0.065
64.6£12.7 62.9+15.0 0.902  0.368
LL 50.5+10.9 41.7+9.6 6.127  0.000

Parameter LL (Standing, r) LL (Supine, r)
S1-2T 0.254* 0.384

SK 0.432¢ 0.3932

o 0.396* 0.389°

B 0.328* 0.451°

0 -0.515° -0.530°

2 P<<0.05.

*=6 MEMIKESRMSZMMBRSESHLER ()
Tab. 6 Comparison of sacrum morphologic parameters in
supine position between male and female (°)

Parameter Male (n=34) Female (n=54) t P
S1-2T -17.6£5.4 -18.2+4.7 0.550 0.584
SK 54.9+14.0 59.2£15.0 1.343 0.183
o 48.7+12.6 50.7+12.6 0.725 0.470
66.7+7.2 67.4+6.6 0.468 0.641
0 64.6+15.4 61.9+14.8 0.820 0.414

®7 WHARFERUMSEMRERSFESHLE ()
Tab.7 Comparison of sacrum morphologic parameters in
standing position between male and female (°)

Parameter Male (n=69) Female (n=62) t P
S1-2T -15.6+4.6 -16.3+5.9 0.751 0.454
SK 50.6+12.3 50.0+11.7 0.285 0.776
o 47.4+10.2 45.4410.8 1.090 0.278
69.4+6.4 68.5+7.9 0.719 0.473
0 63.2+11.9 66.1+13.4 1.312 0.192
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*k8 MEBMUENUSMEMIEERESFESHELE (0
Tab. 8 Comparison of sacrum morphologic parameters in
standing or supine position for male adult (°)

Parameter Standing (n=69) Supine (n=34) t P

S1-2T -15.6+4.6 -17.6+4.4 2.104  0.038
SK 50.6+12.3 54.9+14.0 1.593  0.114
o 47.4£10.2 48.7£12.6 0.562  0.575
B 69.4+6.4 66.7+7.2 1.931  0.056
0 63.2+11.9 64.6+15.4 0.508  0.612

x99 BMEZMESUSMEMIEE FESFESHELE (0
Tab.9 Comparison of sacrum morphologic parameters in
standing or supine position for female adult (°)

Parameter Standing (n=62)  Supine (n=54) t P

S1-2T -16.3+4.9 -18.2+4.7 2.123 0.036
SK 50.0+11.7 59.2+15.0 3.706  0.000
o 45.4+10.8 50.7+12.6 2.440  0.016
B 68.5+7.9 67.4+6.6 0.807  0.421
0 66.1£13.4 61.9+14.8 1.604 0.112
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