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	� OTHER

The effect of ethnicity on the age- related 
changes of spinopelvic characteristics: a 
systematic review

Aims
Spinopelvic characteristics influence the hip’s biomechanical behaviour. However, to date there 
is little knowledge defining what ‘normal’ spinopelvic characteristics are. This study aims to de-
termine how static spinopelvic characteristics change with age and ethnicity among asympto-
matic, healthy individuals.

Methods
This systematic review followed the Preferred Reporting Items for Systematic Review and 
Meta- Analyses guidelines to identify English studies, including ≥ 18- year- old participants, 
without evidence of hip or spine pathology or a history of previous surgery or interventional 
treatment, documenting lumbar lordosis (LL), sacral slope (SS), pelvic tilt (PT), and pelvic 
incidence (PI). From a total of 2,543 articles retrieved after the initial database search, 61 
articles were eventually selected for data extraction.

Results
When all ethnicities were combined the mean values for LL, SS, PT, and PI were: 47.4° (SD 
11.0°), 35.8° (SD 7.8°), 14.0° (SD 7.2°), and 48.8° (SD 10°), respectively. LL, SS, and PT had 
statistically significant (p < 0.001) changes per decade at: −1.5° (SD 0.3°), −1.3° (SD 0.3°), 
and 1.4° (SD 0.1°). Asian populations had the largest age- dependent change in LL, SS, and PT 
compared to any other ethnicity per decade at: −1.3° (SD 0.3°) to −0.5° (SD 1.3°), –1.2° (SD 
0.2°) to −0.3° (SD 0.3°), and 1.7° (SD 0.2°) versus 1.1° (SD 0.1°), respectively.

Conclusion
Ageing alters the orientation between the spine and pelvis, causing LL, SS, and PT to modify 
their orientations in a compensatory mechanism to maintain sagittal alignment for balance 
when standing. Asian populations have the largest degree of age- dependent change to their 
spinopelvic parameters compared to any other ethnicity, likely due to their lower PI.

Cite this article: Bone Joint Res 2023;12(4):231–244.
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Article focus
	� To determine the values of normal 

standing spinopelvic parameters in 
healthy cohorts.
	� To evaluate how standing spinopelvic 

parameters change in healthy popula-
tions as they age.
	� To evaluate the difference in standing 

spinopelvic parameters among different 
ethnicities.

Key messages
	� Age affects the position of the pelvis 

and spine, adjusting their orientation in 

order to maintain sagittal balance when 
standing.
	� Non- pathological Asian spines have 

the largest degree of changes to their 
spinopelvic parameter as they age 
compared to all other ethnicities currently 
documented in the literature.

Strengths and limitations
	� This is a large systematic review, following 

Preferred Reporting Items for Systematic 
Review and Meta- Analyses guidelines.
	� Datasets for some papers were incom-

plete due to unspecified age groups.
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	� The majority of studies were conducted among Asian 
cohorts, which could lead to selection bias.

Introduction
The relationship between the lumbar spine and the adja-
cent pelvis is important to maintain appropriate sagittal 
balance when standing and during gait in humans.1,2 
The positional relationship between the lumbar spine 
and pelvis influences acetabular orientation, which 
is important for hip biomechanics in both native and 
replaced hips.3 In pathological states of the spine, some 
compensatory mechanisms occur to regain sagittal 
balance, such as flexing the knees to tilt the femoral 
shafts, providing additional retroversion of the pelvis 
(increase in pelvic tilt).4 These compensatory methods for 
sagittal balance can eventually lead to fatigue and further 
spinal deformity over time.5 Compensation mechanisms 
of the spine and pelvis occur when patients with hip 
osteoarthritis (OA) move from a standing to a sitting posi-
tion. Reduced femoroacetabular flexion (hip flexion) is 
compensated by an increased pelvic tilt (PT), and subse-
quently a decreased lumbar lordosis (LL) to maintain an 
upright position.6 When hip flexion is restored with total 
hip arthroplasty (THA), these compensatory changes can 
be reversed.7

Ageing has been linked to many alterations of phys-
iological and anatomical structures within the human 
body,7–10 with most literature reporting that LL and hip 
flexion decrease during ageing.3 Younger individuals 
have the capacity to better regulate their spinopelvic 
alignment,8 while older individuals demonstrate inade-
quate compensation mechanisms at the spinopelvic junc-
tion due to restriction in range of motion at this level.8,10 
However, it is not well understood how these changes 
occur in the normal act of ageing among healthy indi-
viduals without hip or spinal pathology. Furthermore, 
whether these spinopelvic characteristics differ among 
ethnicities is unknown, due to the lack of comparative 
studies. To understand how pathological spinopelvic 
processes arise and how they can be addressed, it is 
important to first characterize how these characteris-
tics change with normal ageing and between different 
ethnicities.

To better understand the role of the sagittal spinopelvic 
characteristics in the development of hip symptoms and 
surgical outcome, one needs to determine what ‘normal’ 
is and be able to predict how spinopelvic characteristics 
differ between age and ethnicity. The objective of this 
systematic review was to 1) define ‘normal’ age- related 
values of static spinopelvic parameters in a healthy popu-
lation without hip or spinal pathology, and 2) compare 
whether and how these values differ between individuals 
of different ethnicities.

Methods
Search strategy. This systematic review protocol used 
the Preferred Reporting Items for Systematic Review 
and Meta- Analyses (PRISMA) guidelines. The following 

databases were searched: MEDLINE, Embase, PubMed, 
CINAHL (EBSCO), and Cochrane Library (OVID Interface). 
Search terms were entered into three concepts: concept 
1 included terms “spinopelvic adj2 parameter*”, “pelvi* 
adj2 tilt*”, “pelvi* angle”, “pelvi* adj2 motion*”, “sa-
cral plateau*”, and “sacral* slope*”; concept 2 included 
terms “postural* adj2 alignment*”, “spine* adj2 align-
ment*”, “pelvi* adj2 alignment*”, sagittal* adj2 align-
ment*”, “spine* adj2 lordosis*”, “spine* adj2 curvature*”, 
“postural* adj2 balanc*”, and “sagittal* adj2 balanc*”; 
and concept 3 included terms “adult”, “adults”, “adult-
hood”, “middle age”, “middle- aged”, “elderly”, “senior”, 
“seniors”, “man”, “men”, “woman”, and “women”. Terms 
within each concept were combined using OR Boolean 
operator and the three concepts were combined with the 
AND Boolean operator. Terms were searched using title 
and abstracts.
Study eligibility criteria. Studies were included if they 
met the following criteria: 1) involving human partici-
pants; 2) written in the English language; 3) study type: 
randomized trials, longitudinal studies (i.e cohort and 
prospective studies); 4) included cohort age > 18 years 
old; 5) absence of hip or spine pathology, previous sur-
gery, or interventional treatment of the included cohorts; 
6) studies that documented standing lumbar spinopelvic 
characteristics including lumbar lordosis (LL), sacral slope 
(SS), pelvic tilt (PT), and pelvic incidence (PI).

Studies were excluded if they involved any of the 
following: 1) non- human studies, 2) non- English studies, 
3) paediatric populations (≤ 18 years old), 4) secondary 
research methods (i.e. systematic reviews, case reports, 
letters, retrospective articles), 5) non- standing radio-
graphs, 6) presences of hip or spine pathologies, 7) 
patient populations that had previous surgeries or treat-
ment to these regions, 8) studies that did not distinguish 
between ages and measured spinopelvic parameters, 
and 9) studies that did not include two or more of the 
desired spinopelvic parameters.

All articles retrieved by database searches were 
uploaded to an online systematic review tool (Covidence, 
Australia), which removed duplicate articles. Articles 
were then appraised against the inclusion and exclusion 
criteria using a two- step technique. First, two reviewers 
(KJL, HL) independently screened the titles and abstracts, 
followed by full- text article review of all papers that 
both reviewers agreed upon from the initial screening. 
Conflicts were resolved by a third reviewer (EK).

The electronic database search identified 2,543 arti-
cles; of which 1,107 were duplicates and removed, 
leaving a total yield of 1,439 articles. Review of the titles 
and abstracts excluded a further 1,230 studies, leaving 
a remaining 201 for full- text review. Of these, 140 were 
excluded, leaving 61 articles from the original search 
(Figure 1).10–68

Data extraction. Data from included studies after the full- 
text screening were extracted by one reviewer and then 
another reviewer evaluated the completeness of the ex-
tracted data. Accumulatively, a total of 10,741 healthy 
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patients were included in this systematic review, with 
the mean patient age stratified from 21 to 85 years old. 
The major ethnicities of our studies’ cohorts were divid-
ed based off geographical regions which included: Asian 
(61%), North American (7%), South American (3%), 
European (21%), and Middle Eastern (8%). These geo-
graphical regions have previously been established in 
literature,69 except for the Middle Eastern cohort which 
we included. Evaluation of the geographical regions un-
derwent a binary analysis as there were too few cohorts 
from the geographical regions of: North America, South 
America, Europe, and Middle East.

The selected articles were assessed for inclusion of 
the following spinopelvic parameters: LL, SS, PT, and PI. 
The LL represents the angle between two lines drawn 
along the superior endplates of L1 and S1.49,70 The SS 
represents the angle of the superior endplate of S1 to 
the horizontal.59 The SS influences the position of the 
lumbar spine as it forms the base of the spine. The PT 
is defined as the angle between a line connecting the 
centre of the superior endplate of S1 and the centre of the 
femoral head and the vertical axis. The value denotes the 
spatial orientation of the pelvis, which varies according to 
position.58 Lastly, PI represents the angle between a line 
connecting the centre of the superior endplate of S1 and 
the centre of the femoral head, and a line perpendicular 
to the superior endplate of S1. Historically, this anatomical 
parameter was believed to remain unchanged regardless 
of body position or age,70 though recent papers identify 

that it may change with position in healthy populations.71 
Papers that did not differentiate between age groups 
for these values or express measurements taken in the 
standing position were not included, to avoid skewing 
the data when performing statistical analysis (Table I).
Statistical analysis. A qualitative analysis of covariance 
(ANCOVA) was performed on all data extracted from the 
61 studies included (Table II). The data were first separat-
ed into individual spinopelvic parameters and then graft-
ed on scatter plots based on age and numerical degrees 
of each parameter being measured (Figure 2). Identifiable 
markers were used to distinguish each study’s majority 
geographical population on the scatter plots. These plots 
were used to assess for patterns with the extracted data. 
Then, a linear regression (SAS 9.4; SAS Institute, USA) 
was performed on each spinopelvic parameter, which 
included a 95% confidence limit with R- square, adjusted 
R- square, and mean square error (MSE) values calculated 
before being graphed on a fit plot with standard devi-
ations (SDs). Subsequently, an analysis of variance was 
performed, which identified t- values and the presence of 
significant trends based on p- values less than 0.05.

Results
Of the 104 separate cohorts of groups evaluated, 93 
reported on values of lumbar lordosis. The overall mean 
value for lumbar lordosis for all races and ages combined 
was 47.4° (SD 11.0°). Statistical regression of deviation 
groups identified lumbar lordosis decreased by 1.5° 

Fig. 1

Preferred Reporting Items for Systematic Review and Meta- Analyses flow diagram identifying search database involved and total amount of articles identified 
and screened.



BONE & JOINT RESEARCH 

K. J. LUKAS, J. C. F. VERHAEGEN, H. LIVOCK, E. KOWALSKI, P. PHAN, G. GRAMMATOPOULOS234

Ta
b

le
 I.

 M
ea

n 
va

lu
es

 w
ith

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 p

el
vi

c 
til

t,
 s

ac
ra

l s
lo

p
e,

 lu
m

ba
r 

lo
rd

os
is

, a
nd

 p
el

vi
c 

in
ci

de
nc

e 
fo

r 
ea

ch
 o

f t
he

 in
cl

ud
ed

 s
tu

di
es

.

A
u

th
or

, Y
ea

r

To
ta

l n
u

m
b

er
 

of
 h

ea
lt

h
y 

p
ar

ti
ci

p
an

ts

M
aj

or
it

y 
et

h
n

ic
it

y 
b

y 
g

eo
g

ra
p

h
ic

al
 

re
g

io
n

A
g

e,
 y

rs
P

el
vi

c 
ti

lt
SD

Sa
cr

al
 

sl
op

e
SD

Lu
m

b
ar

 
lo

rd
os

is
SD

P
el

vi
c 

in
ci

d
en

ce
SD

Zh
ou

, 2
02

011
41

A
si

an
25

12
.6

6.
4

32
.7

5.
6

45
.6

8
45

.5
9.

8

Zh
ou

, 2
02

0
33

A
si

an
35

10
.4

5.
5

35
6

48
.9

9
45

.3
5.

9

Zh
ou

, 2
02

0
39

A
si

an
45

13
.1

6.
7

32
.6

10
50

.2
11

.1
47

9.
3

Zh
ou

, 2
02

0
43

A
si

an
55

14
.9

7.
1

31
.4

5.
8

49
.1

8.
6

46
.8

9.
5

Zh
ou

, 2
02

0
41

A
si

an
65

14
.2

7.
7

31
.8

5.
3

47
.6

11
.4

46
.5

8.
3

Zh
ou

, 2
02

0
21

A
si

an
75

14
.6

4.
9

30
.8

7.
9

47
.5

12
45

.4
9.

3

Su
h,

 2
01

412
24

A
si

an
28

.5
13

.2
8

8.
59

39
.5

1
7.

6
39

.1
7

8.
31

52
.4

7
13

.0
6

Le
e,

 2
01

413
40

A
si

an
40

.1
13

.5
5.

9
35

.5
5.

9
39

.3
6.

8
48

.3
5.

5

H
on

g,
 2

01
015

24
A

si
an

28
.5

13
.2

8
8.

59
39

.5
1

7.
6

38
.3

7
19

.6
7

52
.4

7
13

.0
6

Su
h,

 2
01

314
24

A
si

an
-

13
.2

8
8.

59
39

.5
2

7.
6

39
.1

7
8.

31
52

.4
7

13
.0

6

Ye
h,

 2
01

816
11

4
A

si
an

30
11

8
34

9
49

12
45

11

Ye
h,

 2
01

8
13

5
A

si
an

50
15

8
35

9
46

14
-

-

Ye
h,

 2
01

8
14

3
A

si
an

70
19

10
31

10
40

17
-

-

Ka
ng

, 2
01

017
45

A
si

an
56

.5
-

-
36

6
55

.8
8.

7
48

.2
6.

2

Ka
ng

, 2
01

0
65

A
si

an
64

-
-

37
.5

6.
4

58
.4

8.
2

48
.4

8.
6

Ka
ng

, 2
01

0
22

A
si

an
77

-
-

37
.5

7.
2

57
.7

9
50

.4
8.

7

W
en

g,
 2

01
518

64
A

si
an

58
12

.9
6.

2
32

.8
7.

8
48

.7
10

46
.3

9.
3

Ja
ns

se
n,

 2
00

919
60

Eu
ro

p
ea

n
26

.6
11

.5
6.

2
40

7.
1

58
.5

9.
6

51
.5

10

Ro
us

so
ul

y,
 2

00
620

15
3

Eu
ro

p
ea

n
27

11
.1

5.
9

39
.6

7.
6

61
.2

9.
4

-
-

Ki
m

, 2
01

421
18

4
A

si
an

21
.2

9.
9

6.
5

36
.6

7.
3

52
.2

9.
2

46
.5

7.
7

Ki
m

, 2
01

4
15

8
A

si
an

63
.8

11
.3

6.
4

36
.8

6.
7

57
.3

8.
8

48
.2

8.
5

G
er

ilm
ez

, 2
02

122
75

M
id

dl
e 

Ea
st

er
n

34
12

.3
8

7.
12

34
.4

3
8.

87
57

.9
2

10
.4

5
46

.8
6

10
.8

4

En
do

, 2
01

423
86

A
si

an
35

.9
13

.2
8.

2
34

.6
7.

8
43

.4
14

.6
46

.7
8.

9

W
ei

tk
un

at
, 2

01
624

23
Eu

ro
p

ea
n

29
.1

11
.7

8
6.

88
42

.4
8

7.
19

58
.8

7
9.

47
54

.2
6

10
.0

4

A
nd

o,
 2

02
025

28
6

A
si

an
64

.5
17

.8
8.

7
30

8.
1

43
.5

12
.2

47
.8

11
.5

H
am

m
er

be
rg

, 2
00

372
50

N
or

th
 A

m
er

ic
an

76
.3

18
9.

1
42

9.
63

57
13

.7
60

.5
4

15
.1

8

C
ha

lé
at

- V
al

ay
er

, 2
01

126
70

9
N

or
th

 A
m

er
ic

an
36

.8
13

6.
8

39
.6

7.
9

42
11

.2
50

.6
5

12
.1

Le
e,

 2
01

327
30

A
si

an
30

.4
13

.9
5.

2
36

.4
7

50
.7

8.
7

50
.4

9.
1

Ta
hv

ild
ar

i, 
20

20
28

43
M

id
dl

e 
Ea

st
er

n
38

.8
6.

33
4.

06
45

.3
3

9.
25

-
-

51
.8

1
8.

3

Zh
ou

, 2
02

229
30

8
A

si
an

35
10

.9
6.

2
34

.5
6.

8
49

10
45

.4
8.

6

Zh
ou

, 2
02

2
12

7
A

si
an

50
12

.9
6.

8
34

.2
8.

1
50

.7
10

.2
47

.1
8.

5

Zh
ou

, 2
02

2
11

1
A

si
an

65
13

.6
6.

9
32

.3
6.

2
47

.9
10

45
.9

7.
7

Iy
er

, 2
01

630
20

N
or

th
 A

m
er

ic
an

25
13

10
.4

38
.5

7.
6

59
.8

11
.1

45
.2

15
.2

Iy
er

, 2
01

6
18

N
or

th
 A

m
er

ic
an

35
11

.1
9.

6
39

.8
19

.5
60

.8
15

.3
50

10
.4

Iy
er

, 2
01

6
17

N
or

th
 A

m
er

ic
an

45
12

.7
7

36
.4

7.
6

57
.2

10
.5

49
.1

9

Iy
er

, 2
01

6
16

N
or

th
 A

m
er

ic
an

55
13

.7
7.

6
38

.1
8.

1
36

.1
9

11
.2

51
.2

13
.5

Iy
er

, 2
01

6
27

N
or

th
 A

m
er

ic
an

65
17

.4
7.

2
35

.3
10

.7
56

.4
9.

8
51

.7
10

.2

Iy
er

, 2
01

6
17

N
or

th
 A

m
er

ic
an

75
18

.8
7.

8
30

.1
9.

6
46

.7
15

.9
48

.9
13

.9 C
on

tin
ue

d



VOL. 12, NO. 4, APRIL 2023

THE EFFECT OF ETHNICITY ON THE AGE- RELATED CHANGES OF SPINOPELVIC CHARACTERISTICS 235

A
u

th
or

, Y
ea

r

To
ta

l n
u

m
b

er
 

of
 h

ea
lt

h
y 

p
ar

ti
ci

p
an

ts

M
aj

or
it

y 
et

h
n

ic
it

y 
b

y 
g

eo
g

ra
p

h
ic

al
 

re
g

io
n

A
g

e,
 y

rs
P

el
vi

c 
ti

lt
SD

Sa
cr

al
 

sl
op

e
SD

Lu
m

b
ar

 
lo

rd
os

is
SD

P
el

vi
c 

in
ci

d
en

ce
SD

Su
n,

 2
02

031
14

3
A

si
an

23
11

.7
6.

5
34

.8
7.

1
50

.3
10

-
-

A
sa

i, 
20

17
32

17
0

A
si

an
45

11
.5

6.
9

-
-

47
.9

9.
1

53
.5

10
.3

5

A
sa

i, 
20

17
25

6
A

si
an

55
14

.4
6.

6
-

-
45

.2
11

.8
48

.7
5

10
.0

5

A
sa

i, 
20

17
41

8
A

si
an

65
15

.5
6.

8
-

-
45

.2
12

.8
49

.4
5

10
.1

5

A
sa

i, 
20

17
40

7
A

si
an

75
16

7.
5

-
-

39
.3

15
.9

50
.1

10

A
sa

i, 
20

17
21

0
A

si
an

85
19

.7
8.

4
-

-
44

.5
12

.7
49

.8
5

11
.1

5

En
do

, 2
01

633
52

A
si

an
35

.4
13

.6
9.

6
35

8.
3

30
.3

9
45

.5
9.

1

M
en

ez
es

- R
ei

s,
 2

01
834

93
So

ut
h 

A
m

er
ic

an
-

9.
5

7.
5

36
.4

6.
6

49
.5

11
.2

45
.9

9.
7

Ba
ko

un
y,

 2
01

735
91

M
id

dl
e 

Ea
st

er
n

21
.6

10
.5

6.
2

38
5.

8
59

.2
8.

4
48

.6
5.

8

Bo
ul

ay
, 2

00
636

14
9

Eu
ro

p
ea

n
30

.8
11

.9
6

6.
44

41
.1

8
6.

96
66

.3
6

9.
47

53
.1

9

En
do

, 2
01

237
50

A
si

an
31

.5
9.

9
7.

6
33

.3
2

11
.2

4
33

.3
2

11
.2

5
47

.2
10

Va
z,

 2
00

238
11

2
Eu

ro
p

ea
n

32
.5

12
.3

5.
9

39
.4

9.
3

46
.5

11
.1

51
.7

11
.5

U
eh

ar
a,

 2
01

939
97

A
si

an
55

13
6

34
.5

8
47

.5
11

47
9

U
eh

ar
a,

 2
01

9
11

4
A

si
an

65
15

.5
8

31
9.

5
46

13
.5

46
.5

10
.5

U
eh

ar
a,

 2
01

9
10

9
A

si
an

75
19

.5
8

31
9

43
.5

13
.5

51
10

.5

U
eh

ar
a,

 2
01

9
93

A
si

an
85

24
9

26
.5

8.
5

38
16

50
10

Ye
ga

ne
h,

 2
02

01
70

M
id

dl
e 

Ea
st

er
n

26
.6

9.
1

7.
6

35
.4

6.
7

41
.9

14
.7

44
.5

10
.1

M
oo

n,
 2

01
840

16
A

si
an

29
15

.7
-

35
.3

-
37

.1
-

51
-

Ya
ng

, 2
01

441
80

A
si

an
36

.9
10

.6
5.

9
38

.1
7

53
9.

6
48

.7
9.

5

O
e,

 2
01

542
36

A
si

an
55

13
.9

7.
65

32
.9

7.
45

41
.4

5
10

.6
5

46
.8

5
9.

1

O
e,

 2
01

5
17

4
A

si
an

65
15

.3
5

7.
2

31
.7

8.
65

42
.4

5
13

.4
5

45
.4

5
10

.1

O
e,

 2
01

5
31

1
A

si
an

75
18

.5
8.

5
30

.5
10

.3
5

40
.9

5
15

.0
5

48
.6

11
.8

O
e,

 2
01

5
13

5
A

si
an

85
22

.6
10

.4
5

27
.3

5
10

.7
35

.7
5

17
.5

49
.9

5
10

Fa
de

r, 
20

18
43

6
N

or
th

 A
m

er
ic

an
36

.5
-

-
37

5
52

14
44

5

M
ar

ty
, 2

00
244

44
Eu

ro
p

ea
n

24
10

.8
4

6.
11

40
.5

9
8.

93
59

.6
10

.2
4

51
.4

4
10

.8
5

Th
el

en
, 2

01
745

10
2

Eu
ro

p
ea

n
27

.3
11

.5
6.

4
40

.3
8.

3
-

-
51

.8
11

.6

Yu
ka

w
a,

 2
01

810
10

1
A

si
an

25
12

.1
5

7.
35

40
.9

5
8.

25
50

.9
10

.8
5

54
.1

10
.1

Yu
ka

w
a,

 2
01

10
1

A
si

an
35

12
.5

5
7.

2
39

.8
5

6.
8

50
.6

10
.7

5
52

.9
10

.2

Yu
ka

w
a,

 2
01

6
10

7
A

si
an

45
13

.8
5

7.
1

40
.4

5
7.

35
50

.8
5

10
.5

5
50

.8
7.

8

Yu
ka

w
a,

 2
01

6
10

7
A

si
an

55
14

.2
14

.2
40

.5
5

8.
25

51
9.

65
53

11
.3

Yu
ka

w
a,

 2
01

6
11

0
A

si
an

65
16

.0
5

16
.0

6
37

.8
5

8.
35

50
.3

5
12

52
10

.9

Yu
ka

w
a,

 2
01

6
10

0
A

si
an

75
18

.1
5

7.
6

36
.9

5
9.

8
44

.4
5

14
.0

5
52

10
.3

Ba
ss

an
i, 

20
19

46
44

Eu
ro

p
ea

n
65

13
.9

6.
1

37
.7

8.
3

56
.1

13
.3

51
.6

8.
9

Ba
ss

an
i, 

20
19

83
Eu

ro
p

ea
n

75
16

.5
6.

5
37

.6
10

.6
56

.8
12

.5
54

.1
12

.8

Ba
ss

an
i, 

20
19

27
Eu

ro
p

ea
n

85
17

.9
6.

7
36

.8
7.

6
57

.8
10

.4
54

.8
11

.2

Le
e,

 2
01

547
77

A
si

an
31

.7
-

-
33

.4
8

47
.3

9.
8

45
.6

45
.6

H
u,

 2
01

848
12

6
A

si
an

26
.4

4.
5

2.
4

37
.2

6.
7

54
10

41
.2

7.
1

C
he

vi
llo

tt
e,

 2
01

849
15

Eu
ro

p
ea

n
42

.9
12

.1
6.

3
37

.1
6.

3
54

.8
9.

8
49

.3
8.

1

Ta
b

le
 I.

 
C

on
tin

ue
d

C
on

tin
ue

d



BONE & JOINT RESEARCH 

K. J. LUKAS, J. C. F. VERHAEGEN, H. LIVOCK, E. KOWALSKI, P. PHAN, G. GRAMMATOPOULOS236

A
u

th
or

, Y
ea

r

To
ta

l n
u

m
b

er
 

of
 h

ea
lt

h
y 

p
ar

ti
ci

p
an

ts

M
aj

or
it

y 
et

h
n

ic
it

y 
b

y 
g

eo
g

ra
p

h
ic

al
 

re
g

io
n

A
g

e,
 y

rs
P

el
vi

c 
ti

lt
SD

Sa
cr

al
 

sl
op

e
SD

Lu
m

b
ar

 
lo

rd
os

is
SD

P
el

vi
c 

in
ci

d
en

ce
SD

El
 R

ay
es

, 2
01

750
95

M
id

dl
e 

Ea
st

er
n

26
11

.1
1

7.
9

39
.8

5
7.

1
-

-
51

.3
4

1.
13

5

At
ta

li,
 2

01
951

50
Eu

ro
p

ea
n

34
12

-
40

-
58

-
51

-

H
as

eg
aw

a,
 2

02
052

50
A

si
an

52
.2

13
.6

1.
2

39
.8

1.
2

52
.9

2.
2

53
.4

1.
4

So
hn

, 2
01

653
32

A
si

an
35

12
.5

-
34

.8
-

54
-

46
.4

-

So
hn

, 2
01

6
32

A
si

an
45

12
.1

-
35

.1
-

55
.5

-
46

.9
-

So
hn

, 2
01

6
32

A
si

an
55

10
.7

-
35

.2
-

54
.1

-
46

-

So
hn

, 2
01

6
32

A
si

an
75

17
.3

-
35

.5
-

51
.9

-
46

.4
-

H
ey

 2
01

954
60

A
si

an
21

16
.4

8.
1

32
.4

7.
4

44
.8

13
48

.9
9.

3

A
rim

a 
20

18
55

50
A

si
an

57
14

6.
5

33
.1

10
44

.3
14

.5
46

.1
10

.4

A
rim

a 
20

18
84

A
si

an
67

17
.3

8.
5

33
.1

10
44

.3
14

.5
47

.9
12

.6

Le
e,

 2
01

156
86

A
si

an
28

.1
9

11
.5

5.
3

36
.3

7.
6

49
.6

9.
6

47
.8

9.
3

Bh
os

al
e,

 2
01

957
13

0
A

si
an

34
.4

9
12

.3
2

5.
41

39
.1

7
6.

26
-

-
51

.5
2

6.
74

Zh
ou

, 2
02

058
14

0
A

si
an

23
.2

11
.9

6.
2

35
.4

7
50

.5
9.

4
46

.5
8

6.
14

Pr
at

al
i, 

20
18

59
44

So
ut

h 
A

m
er

ic
an

31
.5

11
.5

5.
5

36
.9

6.
6

55
.3

8.
8

48
.6

7.
9

D
in

g,
 2

01
960

12
A

si
an

57
.4

13
.4

7
3.

63
35

.5
4.

64
46

.5
9

7.
14

-
-

A
ra

új
o,

 2
01

461
57

Eu
ro

p
ea

n
-

15
.2

-
39

.8
-

64
-

55
.4

-

A
ra

új
o,

 2
01

4
19

4
Eu

ro
p

ea
n

-
17

-
37

.7
-

61
.2

-
55

.4
-

O
e,

 2
02

062
16

2
A

si
an

-
-

-
-

-
-

-
-

-

M
ac

hi
no

, 2
02

063
50

A
si

an
45

17
.3

8.
65

32
.3

5
8.

6
46

.3
10

.5
5

-
-

M
ac

hi
no

, 2
02

0
73

A
si

an
55

22
.3

5
8.

55
27

.6
6.

65
42

.1
5

11
.3

-
-

M
ac

hi
no

, 2
02

0
14

5
A

si
an

75
21

.8
8.

8
27

.1
5

8.
25

42
.2

11
.8

5
-

-

Ro
us

so
ul

y,
 2

00
564

16
0

Eu
ro

p
ea

n
33

11
.9

9
6.

46
39

.9
2

8.
17

-
-

C
ho

, 2
01

765
25

2
A

si
an

32
.2

9.
4

6.
7

37
.8

5.
8

48
.3

10
.2

45
.1

7.
5

H
u,

 2
01

966
24

9
A

si
an

35
10

.0
5

7.
23

-
-

44
.0

7
9.

15
42

.8
5

9.
82

H
u,

 2
01

9
86

A
si

an
55

12
.8

5
9.

05
-

-
41

.9
5

10
.9

43
.9

5
11

.3

H
u,

 2
01

9
16

5
A

si
an

75
17

.3
9.

2
-

-
39

.6
3

13
45

.0
5

12
.8

3

Su
zu

ki
, 2

01
767

25
A

si
an

26
.9

7.
7

9.
5

35
.9

8.
7

-
-

47
.2

5
10

.0
6

La
ou

is
sa

t,
 2

01
768

29
6

Eu
ro

p
ea

n
27

13
7

39
3

58
10

53
7

A
ny

 a
rt

ic
le

s 
w

ith
 m

ul
tip

le
 a

ge
 g

ro
up

s 
w

ith
 s

ep
ar

at
ed

 d
at

a 
va

lu
es

 w
er

e 
as

se
ss

ed
 in

de
p

en
de

nt
ly

 a
s 

si
ng

le
 g

ro
up

s 
an

d 
ad

de
d 

to
 th

e 
ta

bl
e.

Em
p

ty
 c

ol
um

ns
 a

re
 d

ue
 to

 a
rt

ic
le

s 
ei

th
er

 h
av

in
g 

no
 d

at
a 

or
 n

ot
 s

ep
ar

at
in

g 
th

ei
r 

m
ea

n 
va

lu
es

 b
y 

ag
es

 g
ro

up
s 

fo
r 

th
e 

de
si

re
d 

p
ar

am
et

er
.

SD
, s

ta
nd

ar
d 

de
vi

at
io

n.

Ta
b

le
 I.

 
C

on
tin

ue
d



VOL. 12, NO. 4, APRIL 2023

THE EFFECT OF ETHNICITY ON THE AGE- RELATED CHANGES OF SPINOPELVIC CHARACTERISTICS 237

(SD 0.3°) per decade (p < 0.001). A fit plot and variable 
analysis identified noticeable trends between ethnicities 
(Figure 3). Asian populations had steeper trends than all 
others. Among younger Asian populations (aged 20 to 

30 years) the mean value for LL was lower than all other 
ethnicities (53° (SD 2.1°) vs 54° (SD 4.0°); p < 0.001, 
ANCOVA). These values subsequentially decreased at a 
rate of 1.3° (SD 0.3°) per decade compared to all other 
ethnicities where LL decreased at a rate of 0.5° (SD 1.3°) 
per decade (Figure 4).

The mean value for SS for all ethnicities and ages 
combined was 35.8° (SD 7.8°). Sacral slope changed 
significantly from the young to the elderly patient groups 
(p < 0.001, ANCOVA), with a mean decrease of 1.3° (SD 
0.3°) per decade (Figure 4) (Table III). The decrease in SS 
with ageing occurred at a higher rate among the Asian 
population in comparison to the other ethnic groups 
(1.2° (SD 0.2°) vs 0.3° (SD 0.3°) per decade; p < 0.001, 
ANCOVA). Among the younger (20 to 30 years old) Asian 
population, SS values were lower than among other 
ethnicities at (37.8° (SD 1.7°) vs 40° (SD 0.9°); p < 0.001, 
ANCOVA). There was a larger trend in negative covari-
ance in the Asian populations, corresponding with a 
larger reciprocal change in their mean SS compared to 
other races with ageing (Figure 4).

Fig. 2

Scatter plots of a) pelvic tilt, b) pelvic incidence, c) sacral slope, and d) lumbar lordosis.

Table II. List of items for data extraction.

Category Items for data extraction

Study characteristics Author and date of publication

Journal

Study design

Population characteristics Number of patients

Patient’s age at evaluation: may be 
divided into groups

First and second ages of measuring 
if measured more than once

Patient’s sex

Patient’s ethnicity

Parameters of interest Sacral slope values

Lumbar lordosis values

Pelvic tilt values

Pelvic incidence
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Fig. 3

Fit plot comparing measured lumbar lordosis from literature, with 95% confidence limits identified and regression values for Asian vs non- Asian cohorts.

Fig. 4

Fit plot comparing measured sacral slope from literature, with 95% confidence limits identified and regression values for Asian vs non- Asian cohorts.
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The overall mean value of PT was 14.0° (SD 7.2°). 
There was a significant increase of 1.4° (SD 0.1°) in PT per 
decade (p < 0.001, ANCOVA) (Figure 5). The Asian cohort 
of patients showed the largest degree of age- dependent 
change in PT compared to all other ethnicities (1.7° (SD 
0.2°) vs 1.1° (SD 0.1°) per decade; p < 0.001, ANCOVA) 
(Table III). In the 20- to 30- year- old cohorts, Asian popu-
lations had a lower PT mean value in comparison to other 
ethnicities at (6.0° (SD 0.7°) vs 8.5° (SD 1.3°); p = 0.083, 

ANCOVA). All ethnicities have positive covariance trends, 
although the rate of progression of PT is greater in Asian 
populations, which intercept and then surpass the mean 
values of all other races in the latter half of the fifth decade 
of life (Figure 5).

The combined mean value for PI for all races and ages 
was 48.8° (SD 10°). Variable analysis and fit plot of the 
pelvic incidence showed notable difference between the 
Asian cohort and the non- Asian cohorts (45° (SD 0.9°) 

Table III. Calculated regression values for spinopelvic parameters divided into three groups: combined ethnicities, Asian ethnicity, and other ethnicities 
(which include all ethnicities accept Asian). The age- dependent parameter estimate column represents the projected rate of change per year.

Variable Age- dependent parameter estimate per decade, ° SD t- value p- value

Combined ethnicities
Pelvic tilt 1.4326 0.1089 9.67 < 0.001

Lumbar lordosis −1.5136 0.3269 −4.63 < 0.001

Sacral slope −1.3005 0.2725 −7.54 < 0.001

Pelvic incidence 0.155 0.1588 0.98 0.332

Asian ethnicities
Pelvic tilt 1.6848 0.1743 9.67 < 0.001

Lumbar lordosis −1.3414 0.3284 −4.08 <0.001

Sacral slope −1.1929 0.2065 −5.78 < 0.001

Pelvic incidence 0.4919 0.1964 2.5 0.016

Other ethnicities
Pelvic tilt 1.0892 0.131 8.31 < 0.001

Lumbar lordosis −0.5285 1.3094 −0.4 0.691

Sacral slope −0.2691 0.2657 −1.01 0.323

Pelvic incidence 0.8201 0.319 2.57 0.018

SD, standard deviation.

Fig. 5

Fit plot comparing measured pelvic tilt from literature, with 95% confidence limits identified and regression values for Asian vs non- Asian cohorts.
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vs 48.5° (SD 1.8°); p ≤ 0.001, ANCOVA). There was no 
variance between the rate of change among ethnicities 
(Figure 6), with all races expressing a gradual increase to 
their PI by 0.2° (SD 0.1°) per decade.

Further analysis was performed to evaluate for 
any confounding effect based on sex. Several studies 
reported sex distribution by age category,11,73 which were 
used for the proportional analysis of males and females, 
illustrating no differences in sex distribution between age 
groups (Supplementary Tables i to vii).

Discussion
Despite the heightened interest in using spinopelvic char-
acteristics in preoperative planning of hip3 and spinal 
procedures,74 data that determine ‘normal’ changes in 
spinopelvic characteristics with ageing are limited. With 
an ever increasing and ageing population, what these 
expected changes are in normal and disease states are 
likely to influence surgical practice.2,6,11,18 This system-
atic review of cross- sectional data showed that, among 
individuals without a history of hip or spinal pathology, 
spinopelvic characteristics change with age, and further-
more demonstrate ethnicity- related differences. This 
is of relevance as surgeons aim to understand the hip- 
spine pathomechanics across the spectrum of hip 
pathology, ranging from the young adult hip (suffering 
from impingement and/or dysplasia), to the elderly 
patient with hip- spine syndrome (requiring hip or spine 
surgery). A normal lumbar lordosis of 47.4° (SD 11.0°) 
was found among all age groups and ethnicities, and an 
overall mean value of pelvic tilt of 14.0° (SD 7.2°). With 

healthy ageing, one can expect a very small decrease 
of 1.5° (SD 0.3°) per decade in lumbar lordosis, which 
is accompanied by minimal increase of 1.4° (SD 0.1°) 
in pelvic tilt and minimal reduction (1.3° (SD 0.3°)) in 
sacral slope. Ethnicity contributes to the rate at which 
spinopelvic characteristics change, with Asian popu-
lations showing the largest degree of change. This is 
likely to be due to the difference in the pelvic incidence 
among groups: Asian pelves have lower PI, compared to 
other ethnicities. According to certain preoperative THA 
planning algorithms for cup orientation, patients with 
lower PI would require more acetabular anteversion/
anteinclination to accommodate for a greater degree of 
flexion required by the hip.2 However, such practice of 
purposely increasing cup anteversion during THA might 
in time lead to an excessive anteversion/anteinclination, 
leading to increased risk of posterior impingement and 
anterior instability with increasing age. In healthy ageing, 
the rate of change is small and unlikely to be significant 
over a decade or two.75,76 However, it may be significant 
over a span of three or four decades (i.e. arthroplasty 
performed in patients below 50, reflecting 10% to 15% 
of practice), as dynamic standing cup orientation, partic-
ularly anteversion, is likely to change by 2° to 5° as pelvic 
tilt increases by 3° to 7°.77 Furthermore, in the presence 
of lumbar degeneration the rate of change might be 
greater,78,79 and thus the risk of developing an adverse 
pelvic posture leading to abnormal mechanics and insta-
bility may be greater, as previously reported.80

Sagittal balance reflects the effort that is needed to 
maintain upright sagittal position.81 Lumbar lordosis 

Fig. 6

Fit plot comparing measured pelvic incidence from literature, with 95% confidence limits identified and regression values for Asian vs non- Asian cohorts.
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is a critical determinant of sagittal balance. Progressive 
forward displacement of the centre of mass due to loss 
of lumbar lordosis is associated with an increased risk 
of falls.82–85 This is often associated with compensatory 
demand on the hips and thoracolumbar regions to main-
tain balance.86 It has been reported that LL decreases with 
age, corresponding to a decline in quality of life.53,87–92 
Degenerative loss of disc height, osteoporotic wedge frac-
tures, and weakening paraspinal muscles in advancing 
age contribute to decrease in lordosis.87,93–96 This reduc-
tion in LL has been identified as an “evolutionary weak 
point” of bipedal organisms.10 The consequence is an 
increased likelihood of deviating outside an individual’s 
cone of economy, and subsequently an increased effort to 
maintain upright standing posture.10,87 In this systematic 
review, we found that standing LL gradually changes over 
the course of normal ageing, at a generalized rate of 1.5° 
(SE 0.3°) decrease per decade, thus the rate of change in 
non- pathological states is very low and a loss of lordosis 
is more likely to be associated with underlying pathology. 
As the curvature of the lumbar lordosis decreases with 
age,87,93–95 there is a corresponding decrease in SS, with 
the sacrum showing a tendency towards posterior inclina-
tion affecting sagittal alignment and thus contributing to 
sagittal imbalance.97,98 Clinically, a decrease in LL, with an 
associated decreased SS and increased posterior PT, leads 
to a decrease of anterior acetabular hip coverage.95,99,100 In 
native hips, this increases the load on the anterior labrum, 
risking a labral tear and subsequent cartilage wear, and 
thereby contributing to the development of hip osteo-
arthritis.100 In patients with total hip arthroplasty (THA), 
this increased posterior pelvic tilt increases acetabular 
version, which can be protective against posterior THA 
instability,101 but also increase risk of posterior impinge-
ment and anterior instability. This has been shown to be 
of significance in patients presenting with late dislocation 
post- THA.80

Data on differences in spinopelvic characteristics 
among ethnicities are very scarce. Zhu et al87 identified 
significant differences in adult spinopelvic parameters 
between Chinese and Caucasian populations, finding 
sacral slope and pelvic incidence to be significantly 
smaller among the Chinese cohort than the Caucasian 
cohort. Similarly, we found LL, SS, and PI to be smaller 
among Asian cohorts compared to all other cohorts, a 
difference that increased with older ages. Zhu et al87 
underlined the importance of appreciating differences in 
ethnicity- related spinopelvic characteristics with surgical 
planning with regard to the value of LL for sagittal decom-
pensation or the association of spinopelvic characteristics 
with spinal surgery outcome.102,103 Twin studies identified 
that heritability greatly influenced standing LL measure-
ments.96 These studies confer heritability of genetics on 
spinal curvature and spinopelvic orientation. Lonner et 
al99 and Wang and Sun97 also concluded that ethnicity may 
influence spinopelvic parameters, and they found that LL, 
PT, and PI were significantly greater in African- American 
populations compared to Caucasian populations. As 

described by Roussouly et al,4 sagittal balance in ageing 
is associated with forward flexion of the spine for which 
to maintain balance, the body compensates with pelvic 
retroversion (leading to increased PT and decreased SS), 
achieved through hip extension. That ability to retrovert 
the pelvis is proportional to PI; patients with lower PI, 
given the limited offset of the sacrum from the femoral 
heads, can only achieve small compensation through 
retroversion for sagittal imbalance. Inversely, patients 
with high PI can more widely achieve pelvic retrover-
sion restoring sagittal balance; however this manoeuvre 
is limited by hip joint extension and leads those indi-
viduals to perform the next method of balance correc-
tion through knee flexion. Given the close relationship 
between spinal morphology, PI, and the compensatory 
mechanisms to achieve sagittal balance, Roussouly and 
Pinheiro- Franco4 developed a classification integrating 
four types of ageing spines based on their pelvic param-
eters and associated compensatory mechanisms. These 
could explain the variations seen in the Asian popula-
tion. For example, one could hypothesize that, with an 
overall lower PI and lumbar lordosis, the Asian popula-
tion would fit well the type 1 spines of the Roussouly 
and Pinheiro- Franco classification. In the presence of a 
kyphotic event, those patients would use their limited 
retroversion abilities faster, explaining the large degree 
of age- dependent change in PT while seeking increased 
LL. Those trends require further prospective studies to be 
better understood.

Most studies included only static spinopelvic measure-
ments. One previous cross- sectional study among 
asymptomatic volunteers examined the effect of ageing 
on static and dynamic spinopelvic characteristics.3 While 
they found that lumbar spine lost its flexion to a greater 
extent than the hip, and the hip’s relative contribution 
to overall sagittal movement increased, the only age- 
dependent static (standing) parameter they found was 
LL, while PI, PT, and SS were not different among age 
groups.3 The mean PT in that study (13°) was similar to 
the mean PT in this systematic review (14°).3 We found 
changes in static spinopelvic characteristics with ageing 
to be rather small, on average 1° to 1.5° per decade. 
This might be attributed to the inclusion of exclusively 
‘healthy’ asymptomatic cohorts. As PT reflects sagittal 
balance, it is unsurprising that in a well- functioning 
cohort, there was appropriate sagittal balance and 
transfer of load. Subanalysis illustrated no confounding 
effect on our findings based on sex as there was no 
difference in male and female ratios among different age 
groups. The effect of sex on spinopelvic characteristics 
has been reported previously, with conflicting results on 
whether characteristics differ or not.3,7,87,104–108 Verhaegen 
et al3 reported on both standing and deep- flexed seated 
spinopelvic characteristics among asymptomatic individ-
uals, and reported no differences in standing spinopelvic 
characteristics between sexes.33 However, the authors 
identified that men exhibited less hip flexion, presum-
ably due to morphological differences between males 
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and females,3 such as a smaller femoral head neck offset 
and lower combined femoral and acetabular version. This 
decrease in hip flexion leads to the increase in posterior 
PT in a sitting position among males.

Several limitations can be identified for our study. First, 
incomplete data extraction was present in several studies 
as some of the values were not separated based on age. In 
these studies, mean values for all age groups were incor-
porated into a single value, which made it impossible to 
determine the average values of these parameters were 
in different decades of life. Second, we did not perform 
any methodological assessment of the studies, as most 
assessment tools primarily evaluate whether authors in 
a study have been blinded. Since we sought to iden-
tify normal healthy patients who had no medical inter-
ventions and no pathological states, participants and 
researchers would not be privy to blinded treatment arms 
as intervention would naturally not be given. Third, most 
studies (72/104) were conducted among Asian popula-
tions, while the remaining studies included a wide variety 
of ethnicities; differences in values between different 
ethnicities were not specified. This creates a potential for 
selection bias during data interpretation and statistical 
analysis with possible larger trends identified in the Asian 
population. Lastly, we evaluated all spinopelvic param-
eters based on static standing positions. Therefore, our 
study can only comment on the static standing positions 
of these parameters; further evaluation of how age influ-
ences dynamic spinopelvic characteristics is required.

In summary, this systematic review aimed to define 
normal standing ranges of spinopelvic changes in 
different ethnicities as they age in healthy populations. 
As populations age, their pelvis and spines change their 
orientation to maintain sagittal balance when standing. 
Non- pathological Asian spines have the largest degree of 
changes to their LL, SS, and PT as they age compared to 
all other ethnicities currently documented in the litera-
ture. This is possibly due to the lower PI and LL, however 
further prospective studies are required.

Supplementary material
  Tables of studies reporting on the sex distribution 

by age to assess the confounding effect of sex.
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