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I N T R O D U C T I O N  

Measurement of “posture”, i.e. the measurement of the spatial orien- 
tation of the body in the erect position has been attempted by many 
authors who have used different methods. However, the principles are 
approximately the same: Trying to gain an objective impression of the 
body orientation in the erect position by photography, X-rays, or 
measurement direct on the body surface, using the plumb line as a line 
of reference. 

By means of a cheap apparatus and a simple method Mdhaue (1958) 
has worked out a method for measuring the spatial orientation of the 
body in the erect position. 

Without discussing the concept good and poor posture, I should like 
to point out that in 1867 Duchenne noted the marked individual varia- 
tions. He writes (Kaplan’s translation 1949) : “Thus, for instance, the 
Spanish women and especially the Andalusians, are known to possess 
beautiful spinal curves”. And later “Women who have a very straight 
vertebral column or otherwise slightly flexed, have, generally speaking, 
a straight body with angular contours; the lines of their neck and 
shoulders are not graceful.. . the origin could well be Anglo-Saxon”. 

The object of the present study was to ascertain changes in the 
spatial orientation of the lumbar column and pelvis during the first 
2 or 3 months after operation for slipped lumbar disc. 

S T A T O M E T R I C  S T U D Y  

It is a common finding that patients with slipped lumbar disc have, 
preoperatively as well as postoperatively, a diminished or obliterated 
lumbar lordosis, at  times even a slight lumbar kyphosis. 
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Fig .  1. F i g .  3 .  F i g .  2. 

F i g .  I .  Statometer. 
Fig .  2. Dorsal Landmark. 
F i y .  4. Landmarks on the lower limhs. The inclination between the vertebral 

prominen and interspinalion is demonstrated. 

I n  :in attempt at confirming objectively the above-mentioned clinical 
finding, patients who had undergone operation for slipped lumbar disc 
wcrc subjrcted to measureinent of the spatial orientation of the spine, 
pclv ix ,  and lower limbs in relation to the plumb line, the so-called 
statornetri of Mdhavr .  Three measurements were performed in each 
case, the first 3 1 weeks after the operation, the second after the com- 
pletion of the postoperative rehabilitation period, and the third a t  follow- 
up about two years after the operation. 

Statometri by the method of M ~ l h a v e  is carried out as follows: 
The examination is pcrformed by specially trained physiotherapists 

using an appar:itus called a statomcater. 
Fig. 1 illustrates a statomcter, the recording disc and its pointer sus- 

pended in a ball hearing. 
In order to be ablc to reproduce the same standing position accurately 

during the entire measuring procedure, the position has to he rccorded. 
This is done hy a direction finder. the two vertical direction rods being 
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placed in the same frontal plane as the tragus, and the position is read 
on the horizontal scale ( =  indicator point) (cf. Fig. 3, top). 

The subject is wearing his usual shoes with flat heels. 
The following landmarks are recorded: 
( 1 )  Tip of the lateral malleolus, ( 2 )  lateral femoral epicondyle, ( 3 )  

middle of upper edge of greater trochanter, (4 )  posterior superior iliac 
spines and a point midway between these two called interspinalion, (5)  
deepest point of lumbar lordosis, ( 6 )  summit of thoracic kyphosis, ( 7 )  
the vertebra prominens, (8)  anterior edge of mastoid process. 

Fig. 2 sets out the marking of the dorsal landmarks. Fig. 3 that of 
the landmarks on the lower limbs. 

While the patient is in the “intention position”, i .r .  the standing 
position assumed before he starts walking ( M d h a u e )  the physiothera- 
pist measures, by means of the statometer, the inclination in relation 
to the plumb line, of: 

( 1 )  The lower limb: ( a )  from the tip of the lateral malleolus to the 
greater trochanter, ( b )  from the tip of the lateral malleolus to the la- 
teral femoral epicondyle, ( c )  from the lateral femoral epicondyle to 
the greater trochanter. 

( 2 )  The pelvic inclination: From the pubic tubercle to the posterior 

Fig.  4. 

CD : lumbo-dorsal line. 
A :  tuberculum pubieum. B :  spina iliaca post. sup. 
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iliac spine. However, this is measured in relation to the horizontal 
plane. 

( 3 )  Trunk: From the greater trochanter to the mastoid process. 
( 4 )  Spine: From the interspinalion to the vertebra prominens (cf. 

Fig. 3 ) .  
( 5 )  Thoracic kyphosis : ( a )  From the indicator point to the summit 

oi: the thoracic kyphosis = the dorso-cervical line. (b)  From the latter 
point to the deepest point of the lumbar lordosis = the lumbo-dorsal 
line. 

( 6 )  Lumbar lordosis: ( a )  Lumbo-dorsal line, (b)  from the deepest 
point of the lumbar lordosis to the cornu of the sacral bone = sacro- 
lumbar line. 

However, it often proved very difficult to determine with certainty 
the situation of the cornu of the sacral bone, so the sacro-lumbar line 
was not recorded. Instead, we determined the angle between the lumbo- 
dorsal line and a plane through the pubic tubercle and posterior supe- 
rior iliac spine ( =  pelvic inclination) as an indicator of the lumbar 
lordosis. Fig. 4 shows that the angle 1 between the plane of pelvic in- 
clination and the lunibo-dorsal line may be expressed by the following 
equation 

L 1 = 90" - (b  + a )  

On the figure points A and B represent the pubic tubercle and the 
posterior superior iliac spine respectively. Line CD represents the 
lumbo-dorsal line, L b = pelvic inclination, and L c = the inclination 
of the Iumbo-dorsal line. 

The distal part of the lumbar column follows the movements of the 
pelvis. A reduction in the pelvic inclination increases the angle between 
this plane and the lumbo-dorsal line, i .e .  the lumbar lordosis becomes 
less concave. If the pelvic inclination increases, the concavity of the 
lumbar lordosis will increase, provided that the inclination of the 
lumbo-dorsal line is not reduced. 

N O R M A L  V A L U E S  

Mdhave's normal values, based on the statometric study of 106 men 

8 lower leg: 5" 2 2", thigh: 5" 5 2".  
Lower limb: 5" 5 1 " .  Pelvis 37" -+ 4". 
Inclination of trunk: 0" 5 2".  Inclination of spine: 2" I+ 2".  Dorso- 

and 104 women, are as follows: 
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cervical line: 16" -C 2". Lumbo-dorsal line: -10" _+ 3". Lumbo-sacral 
line 8" 2 4".  

0: Lower leg: 5" +- 2", thigh: 6" 2 2". 
Lower limb: 6" -t 1". Pelvis (pelvic inclination) : 35" -C 4". Inclina- 

tion of trunk: -2" ? 2",  inclination of spine: 2" '-e 2". Dorso-cervical 
line: 15" 2 2" ,  Lumbo-dorsal line -10" 2 3". Sacro-lumbar line 8" r+ 4". 

The angle between the lumbo-dorsal line and the pelvic inclination 
averages 44" r+ 5" in both sexes. 

Al l  the above-mentioned measurements were performed, but in the 
present paper we shall be concerned merely with the results represent- 
ing the pelvic inclination and the lumbar lordosis as well as the inclina- 
tion of the lower limbs (Le. lateral malleolus to greater trochanter) and 
of the spine as a whole (interspinalion to the vertebra prominens). 

F I R S T  S T A T O M E T R I C  S T U D Y  3-4 W E E K S  
A F T E R  T H E  O P E R A T I O N  

As already mentioned, the present study was designed to ascertain 
whether patients who have undergone operation for slipped lumbar disc 
exhibit deviations from normal in respect to the spatial orientation of 
the lumbar column and pelvis and whether these factors alter in the 
course of the postoperative period of rehabilitation. 

The following requirements had to be fulfilled in order to perform 
statometry : 

( 1 )  The patient had to be able to support equally on both legs, i.e. 
not have pain in the lower limbs which prevented a normal standing 
position. 

(2 )  There must not be major degrees of scoliosis of the thoraco- 
lumbar spine. 

(3)  There must not be low-back pain causing fixation of the lumbar 
column. 

Originally, the series comprised 125 patients who had undergone 
operation for slipped lumbar disc, but only 85 were estimated to fulfill 
the above-mentioned criteria. 

The patients did not differ in age distribution or operative findings 
from other large operated series (Busch et al. 1949, Shinners & Hamby 
1949, Gottschalck & H ~ j g d r d  1961). 

Table 1 presents the results of the investigation 3-4 weeks after the 
operation. 

16 ACTA ORTH. XXXIV,  3 
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Normal values Significance 

The pelvic inclination as well as the degree of lumbar lordosis dif- 
fered significantly from normal values. 

Fig. 5 gives the distribution of the pelvic inclinations. It shows that 
only a few patients had a pelvic inclination between 35" and 37", the 
majority being in the range 28"-33". 

Fig. 6 presents the distribution of the lumbar lordoses. Clearly, about 
half the patients had a lumbar lordosis of between 48" and 56", while 
the normal value is 44". 

Therefore, it must be concluded that many patients who have under- 
gone operation for slipped lumbar disc have a low pelvic inclination 
and a flattened lumbar lordosis. As a whole, the group differs signific- 
antly from a normal group, both in respect to pelvic inclination and 
degree of lumbar lordosis. 

The inclination of the lower limbs, for the group as a whole, was 
4.1" k 2" (normal value 5" k 1") and that of the spine as a whole 
3.0" k 2.6" (normal value 2" 2 2' ) .  These values differ significantly 
from the normal values (0.01 < p < 0.001). Thus, there is a tendency 
to carry the trunk forward and the lower limbs backward. 

S E C O N D  S T A T O M E T R I C  S T U D Y  A T  C O M P L E T I O N  
0 F H E H  A B  I L I T A T 1  O N  P E R I O D  

During the first 8-10 weeks after the operation the patients were 
treated by (1) resistance exercises for spinal muscles, gluteal muscles, 
and the muscles of the lower limbs, (2)  limbering-up exercises for the 
lumbar column, (3) massage and heat treatment. 

After this treatment was completed, another statometric study was 
performed. 

The results of this study were then to be compared with those of the 
statometry done 3-4 weeks after the operation. 

Which criteria have to be fulfilled in order to compare two stato- 
metric studies? 

16' 
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The primary requirement must be that on repeated investigations 
of the same patient there are not major variations in the results owing 
to inaccuracy of measurement. 

M d h a u e  demonstrated that on repeating the measurement the dif- 
ference is usually not greater than = lo, in rare cases 2".  

In the second place, i t  must be demanded that for assessing altera- 
tions in the pelvic inclination or of the lumbar lordosis, the standing 
position should not as a whole differ essentially froin one mcasure- 
ment to the other. In other words, the inclination of the lower limbs 
(measured from the t ip  of the lateral inalleolus to the middle of the 
upper edge of the greater trochanter) and the inclination of the spine 
as a whole (measured from the interspination to the vertebra promi- 
nens) must not differ essentially from one measurement to the other. 

Therefore, the following criteria for the comparability of two stato- 
metric studies were set up: 

The inclination of the lower limbs must not vary by more than & 2" 
from one measurement to the other. 

The inclination of the spine as a whole must not vary by more than 
rt_ 2" from one measurement to another. 

When these criteria arc observed, an increase in pelvic inclination, 
for instance, cannot be due to forward bending of the entire spine and 
pelvis, but it must be an isolated alteration in the orientation of the pel- 
vis. Similarly, an increase in lumbar lordosis cannot be explained by 
backward extension of the trunk. 

Moreover, it has been demonstrated by Floyd & Silver (1955) that the 
minor oscillations which constantly occur in the standing position take 
place almost exclusively in the ankle joints. This means that the curva- 
tures of the spine are practically independent of the slight alterations 
in the inclination of the lower limbs. 

Provided that the above-men tioned criteria are observed, the stato- 
metry of 67 patients performed 3-4 weeks after the operation is com- 
parable with that performed at  the end of the rehabilitation period. 

From Table 2 it may be seen that there had been a significant in- 
crease in the pelvic inclination and a significant accentuation of the 
lumbar lordosis. The accentuation of the lumbar lordosis ( i . e .  the 
diminution of the angle between the lumbo-dorsal line and the pelvic 
inclination) is twice as marked as the alteration of the pelvic inclina- 
tion. This shows that the alteration is not localized merely to the distal 
part of the lumbar column and pelvis, but also to the proximal part. 
These values differ significantly from the normal values ( p  < 0.001). 
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Pelvic inclination at 
1st measurement 

3-4 weeks after 
the operation 

TABLE 2 
Altercitions in Pelvic  Inclination and Lumbar Lordosis during 

the Rehabilitation Period. 67 Patients. 

Lumbar lordosis at 
1st measurement 

3-4 weeks after 
the operation 

~~ ~~ 

1st statometry 
3-4 weeks after 
the operation 

9 -  
0 -  
7 -  

Statometry at 
termination of re- Significance 
habilitation period 

~~ ~ 

Pelvic inclination ... 32.28 f 3.8 34.73 +- 2.9 < 0.001 
Lumbar lordosis ..... 50.23 iz 5.6 46.55 k 4.5 < 0.001 

TABLE 3 

No. of patients 

11 
10 

Final examination during the postoperative period. 
Pelvic inclination 

r 
2 
1 

20 29 30 3 32 33 34 
i 35 36 

37 30 39 40 41 42 4 3  

pelvic inclination in 
Fig. 7. 
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undergone operation for slipped lumbar disc show a dysstatic condition 
of the lumbar column and the pelvis, manifesting itself in a reduced 
pelvic inclination and a flattened lumbar lordosis. 

After the operated patients have been through a period of rehabilita- 
tion, the pelvic inclination and the degree of the lumbar lordosis often 
approach normal. However, the group as a whole, differs significantly 
from Mdhave's normal values ( p  < 0.001). 

The present study, however, does not permit the filial conclusion that 
the alterations represent a direct consequence of the exercise therally, 
a s  we have no control group. Rut it seems reasonable, when other fac- 
tors indicate exercise therapy, to give the patients a treatment which 
supports a possible spontaneous tendency to normalizing the static 
condition? in the lumbar spine and pelvis. 

T H I R D  S T S T O A l E T H I C  S T I ' D Y  A B O U T  2 Y E A R S  
A F T E R  T H E  O P E R A T I O A '  

A repeated statometric study was carried out a t  follow-up an  avcr- 
age of 25.5 months after the operation. 
-4 source of error in the statometric study performed at  the comple- 

tion of the rehabilitation period might be that in the course of the daily 
exercise therapy the patients had got a feeling that thcy wcrc expected 
to be able to produce a lumbar lordosis. Consciously or unconsciously, 
the might, therefore, have assumed a n  artificially increased pelvic in- 
clination and an increased lumbar lordosis a t  the time of the measure- 
ment. 

Such a motive would probably not play any role a t  follow-up so many 
months after the operation. The patients have then presumably for- 
gotten both which exercises they did and the motivation for perform- 
ing them. 

An unchangcd statomctric result a t  follow-up would mean that  the 
alterations occurring in the first 2 or  3 months after the operation 
were pcrinanent and not a result of a teinpurarily acquired posture. 

A comparison of thc values found a t  follow-up with those observed 
at  the completion of the rehabilitation period could be made in only 
56 of the 67 patients, partly because some of them failed to attend fol- 
low-up and partly because of the above-mentioned criteria. 

Table 4 shows no significant difference between the two studies, 
neither in respect to the degree of pelvic inclination nor of lumbar 
lordosis. 



Pelvic inclination ...... 34.53  i 2.9 34.27 * 3.2 > 0.1 
Lumbar lordosis .._..... 46.55 i 4.5 45.47 i 4.9 > 0.1 

‘I’hcn, it must 1)e conclutlcd that the incrcase in pclvic inclination 
:tnd the diriiinution of ihc, anglc bet\\ ecn the luiiibo-dorsal line antl the 
plnne of inclination observed in thc 1)ostopcr:itivc rehabilitation period 
;t r t  not tc 111 po ra ri 1 y ac qu i red, h i t  pc r 111 an  cn t a 1 t e ra t ion s . 

s r a1 S I  A I< Y 

7’hc mcthod o f  J lo lhnuc~  for nicasuring the s1)atinl orientation of the 
body i5 described. This method is called statometry. Only the results 
in rcspcct to pel\ ic inclination, lumbar lortlosis, inclination of the 
lower limbs and o f  the spine as a wholc wcre uscd in the prcsvnt study. 

Out of a series of 125 patients who had undcrgone opcration for 
slipped lumbar disc 83  were \ubjcctcd to statometry 3-4 weeks after 
the opcration. At the completion of the postoperative rehabilitation 
pcriotl the patients \\ CI‘C re-esaniinctl, hut the rcsults were comparable 
in only 67. .4l)out 11 year\ after thc operution :I follow-up statonietry 
v a \  performed. 

At the tiiiic o f  thc I irst stutomctry the grout) :IS ;I wholc showcd 
significant diffcrcnccs from Jlolhnve’s normal \ aluc4 in rcspect to the 
tlcgrec. or p c l ~  ic inclination :md of  lumhar lortlo\is, the pclvic inclina- 
t I on i) ci n p ti i in i n i s h c d  :in (1 t 11 (1 I 11 i n  2 )  :t I‘ 1 o rdos is f l ;I ttcnc (I. 

.\ftvr thc rc1i;il)ilitation ~~xr io t l  thcsc. factor\ had altcrcd. Thc 1)cl\  ic 
inc.lin.ition h:id increa\cd antl t l i t .  l u n i h r  lordosis had 1)ccn re-csta- 
I~lishccl hut \\ ithout rcturning quite do\\ i i  to Jlol1iciuc~’s normal v:~luc\.  

> i t  follo\i -ul) :il)out 2 ycars :iftcr thc ol)caration the group ac a wholc 
\hou cct :in unchnngccl pel\ ic inclination a n t l  lutn1)ar lordosis as  coin- 
Iu rcd  \\ ith the results at  thr m t l  of tht. rchnbi1it:ttion pcriod. 

‘I’licsrcfore, it swni\ rntion:iI to suhjcct paticwt\ of this category to 
110 to 1 r:i t i 1 Y 1’ rc i s e t h <> r:i py :I i i n  i t i  g :it i n  c r c :is i n g t h e pcl vi c i t i  c 1 in a- 
Lion atid rc-c~\t:ii)lishtng thv l t i tn l ) :~r  lortlosis. 
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La mCthode dc M d h a v e  pour mesurer I’oricntation spatiale du corps 
est dCcrite. Cette mCthode est appelCc statomdtrie. Seuls les rCsultats 
concernant l’inclinaison pelvienne, la lordose lombaire, l’inclinaison 
des membres infdrieurs et dc l’ensemble de la colonne verthbrale ont 
CtC utilisCs dans la prCscntc Ctudc. 

Sur une sCric dc 125 maladcs ayant CtC opCrCs pour hernie discale 
lombaire, 85 ont suhi un cxamcn de statoinCtrie 3-4 semaines aprCs 
I’opCration. A la fin dc la pCriode de rCadaptation post-opCratoire, les 
malades ont PtC rCexaminCs, mais les rCsultats n’ont CtC comparables 
que dans 67 cas sculcmcnt. Environ 2 ans aprks I’opCration, une stato- 
inCtrie de contr8lc a CtC  pratiquke. 

A I’Cpoquc dc la prcmi&rc statomktrie, on a constatC dans l’ensemblc 
du groupe unc diffCrcncc marquCe par rapport aux donnCes normales 
de Mslhave concernant le dcgrk d’inclinaison pelvienne et  de lordose 
lombaire, l’inclinaison pelvienne Ctant diminuCe et la lordose lombaire 
aplatie. 

A p r h  la pCriodc dc rkadaptation, ces factcurs s’Ctaient altCrCs. L’in- 
clinaison pelvienne avait augment6 et la lordose lombaire avait kt6 
rCtablie, mais sans revcnir cnti6rement aux donnCes normales de M0l-  
have. 

Au rCexanicn, cnviron 2 ans a p r h  I’opCration, le groupe avait dans 
l’cnsemble unc inclinaison pelvienne et une lordose lombaire in- 
changCes par comparaison avcc les rCsultats relevks a la fin de la 
pCriode de rdadaptation. 

I1 parait rationnel, dans ces conditions, de souiiiettre les maladcs de 
cette catkgoric A une therapie d’exercices post-opCratoires susceptibles 
d’accroitre I’inclinaison pelvienne et le rdtablissement de la lordose 
lombaire. 

Z I: S A 11 bl 15 N F A  S S I J N  (; 

Die Mrthotlr von Miilhavr zur Mcssung der rluiiilichen Oricnticrung 
dcs Kiirpers wird bcschricbcn. Dicse Methodc wird Statoiiietrie genannt. 
Dic Ergchnissc hinsichtlich Bcckcnncigung, Lendenlordose, Ncigung 
der untcren Glicdmassen und der Wirbelsaule als Ganzcs wurdcn 
allcin in diescr Untersuchung venvendet. 

Von cincr Rcihe von 125 Patienten, die cinrr Operation w’cgcn vorge- 
f a  I Ir nc-r I,(* n (1 r nzw isc h cnw i r tw lsc h re i t u n tc TWO r fcn \v o rtlr n w a rr n , 
\\urtlcn 85 tlrci his vicar Wochcw nuch tlcr Olwration iiiittrls Skito- 
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iiic.tric untcrsucht. Kach Vollcntlung drr postopcrativcn \Vicderherstell- 
ungsperiodc wurdcn die Paticntrn wiederuntcrsucht. Das Ergebnis 
war jcdoch nu r  bei 67 Paticntcn wrgleichbar. Ungcfahr zwei Jahre 
uach der Operation wurdc cine Nachuntcrsuchung mittels Statometrie 
ausgcfiihrt. 

Hci dcr crstcn Statonictrir zrigte die Gruppc insgcsamt hezeichnenede 
Abwcichungen von .IiiiZhaacs normalen \\’crtcn hinsichtlich des Grades 
clcr Hcckcnncigung und dcr Lcndcnlordosc, indem die Beckenncigung 
\rrringcrt und clic Lcndenlordosc abgcflacht war. 

Sach  dcr \~icclcrherstcllungspcriodc hattcn sich dicsc Faktorcn ver- 
iindcrt. Die Bcckcnneigung hattc zugcnoin i i~n  und  die Lendenlordose 
war nicdcrhcrgcstcllt, jcdoch ohnc die norinalcn \Verte von M i i l l t a w  
ganz zu crrcichcn. 

Hci d r r  Nachuntcrsuchung ungcfahr 2 Jahrc  nach dcr Opcration 
zcigte die Grujtpe in1 Ganzcn cine unvcrandcrte Bcckcnneigung untt 
Lcndcnlordose im Ycrglcich init dcin Ergebnis am Endc dcr Wieder- 
herstcllungspcriode. 
Es erscheint dahcr logisch dcrartigc Paticntcn eincr postopcrativcn 

Uhungsbchandlung, die auf die Zunahnlc dcr Bcckcnncigung und 
Wiedcrhcrstellung d t r  I,cndcnlordosr ahzicl t ,  zu un tcrwcrfcn. 
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