ANNALS OF HUMAN BIOLOGY, 1974, voL. 1, No. 3, 327-337

Age effects in kyphosis and lordosis in adults

I. S. MILNE
Royal Victoria Hospital, Edinburgh

and I. J. LAUDER

M.R.C. Clinical and Population
Cytogenetics Unit, Edinburgh

[Received 5 February 1973; revised 10 November 1973]

Summary, A surveyor’s flexicurve has been used to measure
kyphosis and lordosis in a cross-sectional study of men and women
ageq 20-90 years. No age effect was found in men aged 20-59 years
Or In women aged 2049 years. Linear regressions showed an
InCrease in kyphosis with age in older men and women. Various
indices were examined to test their suitability as estimates of
kyphosis. Lordosis was absent in an increasingly large proportion
of men and women as age rose above 60 years.

L Introduction

in A Clinica]. impression that kyphosis increases with increasing age, cs_,pccially
diﬁcwomen'. 15 widespread. This paper describes metlfods of measuring age
fences in kyphosis and lordosis,

2. Subjects and methods
from t:v Persons examined, 413 men and 406 women, formed a sample obuug«:
lists of ;) sources. The first sample of older people was obtained from the medica
i of Eg; bl doctors in 50 general practices with surgery addresscs in a defined a;ca
. sam ]-n urgh. A total of 27 000 persons born in 1905 or carlier was available for
Ping. From this total a simple random sample was drawn, of 215 men and

rcspo:gmcn aged 62-90 years. Full details of sampling with a compan;on odf

il“amcnts and non-respondents have been given elsewhere (Milne, Maxsxc a:s
Were dson, 1971). The second group, 198 men and 134 women ag?d 20-6 years,

inb onors providing blood at the Regional Blood Transfusion Service in
formvglr‘%:t' One of us (JSM) visited donor sessions and circu]at;d t:al:at::c(:u;idskxgi

ccrs for anthropometry. More people volunteere .
;";i?urcd I the time availi%le. l'Ig:ias was introduced by thc_ Bloqd Transiulszlcl);
(51 kCC.pohc'y of rejecting donors under 5 feet (1525 mm) in height or
i) I weight and by self-selection. . ded

with ¢ Curvature of the spine and of the overlying s.oft tissues wa:cmdrn:fownh
Plasz'a SUIveyor’s flexicurve. This instrument is a strip of lead co red with
the l]:' 60em in length, which can be bent in onc plane only. Since rfxacc ains
ﬂex's 3P into which jt is bent, it can be used to copy any curved s;xth cc.rv The
spi Ve was Placed on the subject’s back, with one end on t.he seve e

ne, and closely applied to the midline of the back, the subject being
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d on the
: joint was marke
lumbosacral join

i The level of the

stand as erect as possible,

: a piCCt i
. t was laid on .
. ich the mstrume“_ the fexicurve.
. : € pencil, after whic . 1 along
ﬂleC\ere a::lththz gsI:iisal rc)fxrvz: copied by running a penci
Ol paper e
The letters used in describin

pot shown)
g the curve are shown in ﬁgul:ielnc(:)'isﬂca(dlcd spin
the whole length of the curve and for c'o]rllvz straight line. Perper
lngih, The « f the curve have been Joined wit t from the straight L
gogh. The ends g wn to the points on the curve fafthCSE is that part of ¥
diculars B an}? D; ;:d lordosis rcspectively. Dimcnsm;l oint where the cun‘;
mea.SI;‘rtc lil;};pﬁ?(:n the cephalic end of the curve t°t.t ° apn of the curve whic
ts:tr?slsgcs the straight line. Dimension Ga‘ijse t:;toinggs’:rvzr (ISM).
re m
corresponds to E. Al records we ) . |
- bserver o1
Rep';':zuab:'fsgsojh’:sth;‘iir spinal curvature quied bbym;h:n:lysis of vanzm;y
occasionsx.)c'l‘hc pairs of measurements were e)'(a‘m‘medth cy variance for per:gncrror
A reliability coefficient was calculated by .dmdmgd error. Variance due "
the sum of the variances for persons, occasions an iance due o pcrsonsd o
Was the residual meap Square after removing van ensions B and E mt]o e
occasjong, Coefficients determined in this way for dlgf! The contributions P s
the index B/E were respectively 0-78, 0-9f1 and 0-78. amined using ‘h? L
total variapce made by persons and occasions were ef):)r error was significadt 2
The ratio of Mean square for persons to mean square
the 1% Jeve for B

sno ratlo
rrcSPOndmg ¢
and E, and at the 5 % level for B/E. The co
for Occasions wag not significant for
contributor tq the

. !
. ¢ principd |

any of the variables. Smczyﬂ:,e l:!cccpwd :
. m ,

total varjapce was persons, the observations

as reproducible,

|
3. Results
The types of curve op
usually foupg in younge
curve (4), witp 10 lordos
sion E s the length of
might be §

urve (1), 2
tained are shown in figure 1. The UPPEIO ;,S_ The ]f)v. it ’
T People, has well marked lumbar ;orthis curve duﬂiz) ,
is, was usually found in the elderly. Tx;lc second Curve g
the line joining the ends of the curve. is. the lumbar P
ound at any gpe A variant of this (3) has no lordosi f the curve. p
of the curye coinciding wigh gne straight line joining the ends o ioining the @8 |
differs from CUIVe (4) in thay g is shorter than the straight line
of the cyrye

b
: ible to find s
- Curve (3) i common in older people. It is possible
with any of these Curves at any age,

A X Yphosis
Perpend icular

I
g with 3¢
Tes kyphosis is significantly Conc::crcsulﬁ
h. Detajy of the relationships wily cmerge as is and f°
describeq An idea} Variable v, not only truly measure ky,phosll ngth. In
would alsg pe independent of spinal fcor small 8¢
1 Oups, the Sampling distributions of spinal length f regressi0
TANEES are very simijay. This megng that straightforward application 0 articu
techniques cap used 19 describe the haviour of the variables, and in pal lenf
800d estimates of age effects oy, Obtained, The effects of age and spin g
on B and op variableg deriveq from Were estimated from linear regressio
B or the derived variable as the depey

5
. ng(h 3
0t variable ang age or spimal I
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S
(2) +D €r~veercercsmammeveracsmsmenoven >
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@) T

CEPHALIC END OF CURVES

Figure 1. Types of spinal curve recorded with the flexicurve.

:}(:ctll:cld;(?e ndent variable. To select the index or variable derived from B closest

and B 'Ie;l, the following variables were examined: B, log B, B/E, BIG, l.?/H

lcngthv es;e are self‘¢Xplanatory apart from B. which is B corrected for spinal
according to an equation of the form

where B B.=B—kH ' . .

-ou B (?:: H are observed values and k is the linear regression oof:ﬁimcnt' or

as co le 2). The value of the regression coecfficient k, used in this equation,
puted for men aged 20-59 years and for women aged 20-49 years. B,

W,
v then calculated for all men and all women in the sample over the age range
Years, using respectively the male and female coefficients for the younger
because of the

ios:tl::c :?e coefficients were computed from the younger groups be e O ich
Alows egy; det'cmble ageing effects on B in these age ranges (vide infra)
estimation of the effect of H on B without bias due to agc. 2 with

slanda:deffeq_ of age is shown in figure 2 which givc§ mean v'alucslof 5 w:gc
increa deviation in men and women. The means increase in value

e s years in men.

d the indices derived from
on age, regression a.qd

effect was found on B in

after the age of 50 years in women and 55
€ age effect is also shown in table 1 where B an
°0nclat?ependem variables which have been regressed

On coefficients being given in the table. No age

Men aged 3 . rs. Regressions of B on age
0-59 years or in women aged 20-49 ):ica;n o aged 45-90 years.

Cre also com . K
puted in men aged 55-90 years ap o .
a *S¢ regressions showed a siggniﬁcant increase in the valuc‘c()jf B Z:ihalgnccr:::gii
B (table 1). The variables derived from B were also studicd 1B
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AGE GROUP

+ ; 7'5-77 st
45-49 54;54 s;-w ula-u 65-69  70-7

rs.
SD in men and women aged 20-90 yea

Men 55-90
Men 20-59 o S
N=188 -
Index k . p I
-
e o o
log B ~0002 010 oor*. 0%
B/E 00 P g 1* 025
BJE 00 P oaor: o3
5’ 0% o 000. 033
Bc —00s 005 063
\\ —
Women 2049 W°’,3°f30
N=103 ,
Ind -
» : : 0-56
e —0l6 015 1-0* o
0
log B =0-003 012 0-01* 00
biE o0 015 0003 oo
biG %0 G14 0-002* 4
B/G 00 org 0002 o
B ~018 18 02,
M

*P<00S. Lev

els are 5
L— linear regressio

=correlation coeff
N =sample size,

o coefficj

Retrmsio

PProximay tely

S % xmce not all distributions are normal.
et fo X on age,
Cient betweer,

mdex and age

NS of B ang dcnved indices on age.
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::‘r’;ibf]‘)f Bl since all' the.sc.variablcs are simple functions of B. These derived
(table lc)s all behave in similar fashion to B in respect of first order age effects
he E“: cfsvcfflap of age in tl'lesc regressions covers a transition period within which
hative 1 ohage on B begin to appear. The overlap is justified by its small range
overla 3.1; ¢ total age range and by the fact that any bias introduced by the
peop]cp ill increase age effects in younger people and reduce them in older
Vari ) o .
the s::;ble B and its derived indices were each regressed on spinal length in
COCﬂicicmsage groups as those used in the regressions on age. The regression
of the de agd correlation coefficients are given in table 2. The clearest evidence
0 the (f’e“ ence of the first four variables in table 2 on spinal length is found
which cyol:ll?iger- groups of men and women in whom no age effect was found
dependent b1a§ the regression on spinal length (table 1). The indices least
forward in (:E Spllgal length are B/E and B/G. The comparison is not straight-
. ¢ older groups
for spinal length, groups because of age effects. B, has alrcady been corrected
It
for anWannot ff)lmd necessary to include higher order terms in the regressions
y of the independent variables apart from in the sample of women aged

Men 20-59 Men 55-90
N=188 N=235
Index X - p -
ko B 022¢ 0s 023* 0-43
BlH 004 x 10-1# 042 002 10-1* 037
BIE 038 x 103+ 038 031X 103 026
B/G 026X 10~ 030 0-32% 1073 027
B 024 10-3¢ 029 028 10-%* 026
—_— 00 00 ool 002
e
Women 45-90
: woﬁf_—nx%g-‘w N=307

Index X p T p
B

O11* 026 027" 044
Lo/g : 002 10! 019 002x 10 g-;g
BIE 016X 10-3 015 0-40% 107> e
BIG 0-11x10-3 012 048x10::: 033
B 0-10% 10~ 011 041%10 o

¢ 0-0 00 o16*

O ——.

Table 2. Regressions of B and derived indices on spinal length.

*
a
,kgtiirox. 5% levels,

ar regressi . - :
I=correlar Eression coefficient for jndex on spinal length.
N= pll:uscl)znz coefficient between index and spinal length.

4
i‘gtgstY;ars_ I.n this group there is an age spix?al lengt
Variab} or this type of effect, multiple regressions werctth
on} Bcs on A (age), H, A X H (table 3). It can be seent that o
Y B, B|E, B, demonstrate this effect. The regression €o¢

made of the dependent
¢ dependent variables
fiicient for AxH is

h jnteraction effect on B. ~
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Regression coefficients for ParialP

Index A (age) H AxH - .
B 2:01 —027 0-8x10-
log B 003 % 101 8-(3); X 10-1 ggx 102 .

—2:0 —0 s
g7E —0-03%x 10~ —0-04 X 10~2 0811 : }8.; .
B|G —0-02% 10! —003x j0-2 -0'01 108
BIH —0-02x 10-! —0-05% 10-3 0 —
*P<005, :

in womed
. . H md AXH in
i i d derived variables on 4,
Table 3, Multiple regressions of B zt;ed 45-90 years.
* ot i
effect is prese
Positive in each case which implies that a more marked age
women with longer backs.

: f
. 4 . ked in any 0
The effect of weight on B and the derived indices is not mar
the groups and it

. f the
haviour 0
is therefore not necessary to compare the be

indices with respect to weight,

. Comparison

of B and derived variables
Variable

dence 08

B and log B behave similarly. Both exhibit greate'e dg:)sux;ilablc for
spinal length than the other indices (table 2) and are therefor §
measuring Kyphosis. . cted t0

B, whig is variable B corrected for spinal lenth, might bee:’s‘il;; of B oo
3 ood estimator of kyphosis. However, the coefficients of {cg'rons particularly
spinal length useq in computing B, have large standard qcvxatl f'thc effect of
in young women (table 4). This leads to an unstable estimate 0
spinal length, Th

: 45-90 yeas
e dependence of B, on spinal length in women aged

Sex and Regression sD
3¢ range coefficient ot
Men 20-59 022 003
Women 2049

011 0-04

Table 4, Regression coefli

cients with standard deviations for
regression

of B on spinal length.

: ient derived from yours®
in older People with a coefficient derive
mes the same relationgh

o a]] agé
. th in &
Secu P between B and spinal leng adenct
Eroups, lar treng altering 1p; | W lain the depe
of B. on spinal Jeggy, in oﬁ; 'S relationship could atso exp

mes

. :n older WO

. . €T womenp, cause in O

isthe AXH loteraction effect. % Another possible
The three re

. Maining indices, g
length in youn

inal
- n spit
/B, BIE and B/G, are all dependent 0 d BIO
85T men ang independen, of it i : er women. B/E and ™'
b;:havc almost 1dcn§xtally and refleqt the recor:;:dyoungs of spinal curvature.aul’z;
ncu!ar‘ly Curve (3) 1o figure . The other indices including B/H, do mot wi
for this type of Spinal curye in Which the 1umbax: end of the curve merges

|
|

|
;
|

!
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the line joining the ends of the curve (figure 1, curve 3). For .th‘ls reason B /Ig
or B/G seems preferable to B/H. Dimensions E and G are pos_xtxvely correlate
with spinal length (table 5). Hence, apart from the exception given above, B /ﬁ'
ad B/G should behave similarly to B/H. This means that B/E and B/G wi
allow for any effect of age and secular trend on spinal length. Finally these two

Sex TH.E Ta.g
Men 0-43* 0'44:
Women _ 0-25* 028
*P<0-01.

Table 5. Correlation coefficients between spinal length
(H) and E,G in men and women.

indices are not based, as is B,, on parameters estimated from the sample. Of ﬂ:
variables studied which could be used to measure kyphosis these. two SC; i
preferable. B/F is marginally better because the measurements are easier to ma=e,

and because B/E demonstrates the 4 X H interaction effect in older women while
B|G does not.
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Sex and N S.E abt.

agerange  Constant Regr. S.E. t r Regr.
Men Coeff. k k v
20-59 0-08 00 0-15x 10-3 00 00 21;;3 003
55-90 003 011x10~2 029x 10-3 3-9s 025 gl

Women 00
2049 008 032x10-3 0-22 % 10-3 1-46 014 318; 003
45-90 ~0-04 0-02x 10! 021x 10-5 1124* 055

*P<0-05,

r=correlation cocflicient

N=sample size.
t=value of ¢-

%

0-180

0160}

0-140f

0120}

0-100}

0-080

L

0-060}

0-040}

20

between B/E and age.
test for k=0 against & #0.

+
Table 6. Regressions of B/E on age.
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8. Lordosis

This is estimated by perpendicular D (figure 1) of which mean values with
§taudard deviations are given in figure 5. These mean values show a steep fall
in men and women over the age range 55-64 years. With increasing age, an
Increasing proportion of persons in the sample have values of D equal to zero.
This is shown in table 7 which gives, in five-year age groups for men and women,

O(mm)

’ I S

{ o
0-2 70-74 737V 80+

B 0.3 33020 0-44 4347 30-38  35-59  00-64  e3-4Y
AGE GROUP
Figure 5. Variable p. Mean values with SD in men and women aged 20-90 years.

Men Women —
Age - o wi
gro%xp N %Dvgtg N D>0
2500 » Bs ® 55
30-34 - o 18 100
3 28 82 71
-39 30 87 7 100
“0“4“45_4 15 80 ;1 100
9 17 88 92
i&“ 20 90 ‘g 100
p; 59 12 92 P P
6‘;:24 55 39 o 54
7(»79 77 35 p 47
Lol 38 37 ot 33
5~79 34 21 17
> 80 20 20 30
S ——————

No data in 2 men and 7 women.

Table 7. Percen n in 5 year ag°
. ta of men and wome
8es variable D exceeds zero-

groups in whom
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the percentage in whom D is
75 and 100%. In older peo
80 years and over, 209,

greater than zero. Up to age 60 this varics betwees

ple the percentage falls, reaching in the age growp
in men and 17% in women,

4. Discussion . 0 copvict
Takahashi and Atsumi (1955) described the use of the ﬂgxxcurv; (lili]vidC% A\
spinal curvature, In their analysis they used as an index va.nablc clated Wi
the length of the spinal curve, i.e. B/H. This index was negatxve]y corr 2 e
height and positively correlated with age. The subjects studied wcl @, Tt
Japanese, all of whom had spinal curves resembling that in ﬁ{suf"
authors attributed thijs to Iife-long habits of posture and occupation. effects ¢z
In the present study it was possible, because of the absencc' of ‘l’gc (b op 1%
Kyphosis in younger men and women, to study the effect of spinal leng

; ; casurd
indices uncomplicateq by age. An index could hence be chosen which m
kyphosis, alloweq f

. ngtk
Or age and was only minimally dependent on sp m:sl f];ns:i
Cowan (1965) described kyphosis using the kyphotic angle wh:cth bodies o
¥ the intersection of lines drawp through the anterior bordcrs. of t °f Kyphoss
2nd and 34 and of 12th ang 11th thoracic vertebrae. This estimate 0 n l)c dees
cannot be compareq Wwith that in the present study but the kyphotic ali woeld -
measure the increase of kyphosis with age. It is possible that this ang i
¢ significantly correlated with spinal length. The measurements used u;dccidir._i
g the kyphotic angle are not casy to make because of the difficulty 0 tic arg®
exactly where to draw the Decessary lines on the X-ray film. The kypho ! fies
would also neeq specially taken lagera) chest films, since the routine .latcf:“bm
Used in clinica) work do not clearly outline the 2nd and 3rd thoracic ‘:nv. d
€ Teasons for kyphosis increasing ag age increases are probably m as 4
effects of OCCupation ang of habitua] posture, with loss of muscle toncb yserd
Increases, are added 1o such causes a5 spinal osteoporosis, and senile cmiez,‘ic' ‘
The absence of lordosis, which is increasingly common in this cross- e
study after ¢4 Years of age, may result from increasing kyphosis pushi akn
qowre of gravity of e body forwards with loss of lordosis from compeos o3
Smllg'h(cmng of the Tower spine. Urist, Gurvey and Fareed (1970) t"'porfmrj}:x:f" '
:ﬁ:’ of osicoporosis i 3geing women, accentuation of the dorsal posterio
'"“Casfng 8ge and reye 1 of the anterior lumbar curve.
flexicurve has

Y
P i 10“1ng X
- been founy satisfactory, used clinically, in f_ol i h
::rr:"g:::\ of :’K-N‘lﬂus with spondylitis (Cha]mcrs, J., pcrsonal commummlfoﬂ)énm.
‘«m Iam)m y.'ou'!d Suggest the instrument could also be used In
s nal ang longuudmal Population studies.
Atkmkdm
| jaliy |
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7-°“mmcnfassunz. Das Kurvenbiegungsmass eines Landvermessers wurde beniitzt um
Kyrhosis und Lordosis zu messen irsr;\ Ssl;udium eines Querschittes von Minnern und Frauen
im Alier von 20 bis 90 Jahren. Es wurde gefunden, dass Alter keine Auswirkungen verursachte
w4 Manner im Alter von 20-59 Jahren und auf Frauen im Alter von 20-49 Jahren. Lmear;
Friocsionen zciglen cin Ansteigen von Kyphosis mit dem Alter in alteren Minnern hite
auen, Vtrschxcdenc Anzeichen wurden studiert um ihre Eignung als KyPh(_’SlS‘E'!‘SC;
’fm“'" U prifen. Lordosis war bei Minnern und Frauen nicht vorhanden in steigender
Fosser Proportion mit steigendem Alter (iber 60 Jahre,

dommé. Un curvimdtre d' é ili la Jordose, lors
¢ iy d'enquéte a été utilisé pour mesurer la cyphose ¢t la
?—lﬁn: mquﬂc.."answrsalc po?lant sur des homnllacs et des femmes de 20 2 90 ar‘lis. ?ouiuz;
a}:\uegce de I'ige n'a €té décelée pour les hommes de 20 4 59 ans, et les femmes de As
'ise hez les hommes et les femmes plus 4gés, il existe une liaison linéaire posllm&%sc re
i?‘\cmd 1a cyphose. Plusieurs indices ont été essayés pour évaluer Ja cyphose, La tm;‘émininc
ctamin, dans des fractions de plus en plus importantes des populations masculine ¢
nées lorsque I'ige augmente au dela de 60 ans.
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