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Since a hip-joint arthrodesis implies that the hip is to be immobilized 
in a certain position for the rest of the patient's life, it would seem 
incumbent on the surgeon to ensure that the position decided upon is 
the best possible. But at this point a theoretical and a practical problem 
are encountered, namely, what is the best position and how can it be 
obtained at  the operation. In this paper these problems are discussed 
and bases for their solution are proposed. 

T H E  T H E O R E T I C A L L Y  B E S T  P O S I T l O N  

In an earlier paper Ahlbuck & Lindahl ( 2 )  have examined closely the 
positions in the transverse, frontal and sagittal planes that have been 
preferred by various authors. On the basis of a follow-up examination 
of hip arthrodesis cases, Ahlbuck & Lindahl themselves recommended 
the following positions : in the transverse plane, slight outward rotation; 
in the frontal plane, in or near the neutral positions ( 5 )  : and in the 
sagittal plane, about 45" flexion, counted from an initial position in 
maximum extension (Ahlbuck & Lindahl ( 1 )  ) . For the joint to be fixed 
in such marked flexion it is essential for the spinal mobility to be great 
enough and the direction of motion to be correct. 

The significance of these two factors is considered in this paper. 

P R E  0 P E R A T  I V E E X  A M I N A T I 0  N 

In the pre-operative analysis of the most suitable position the following 
examinations are necessary : 

21' 
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1. Examination to establish whether an outward rotation contrac- 
ture prevents the leg from being immobilized with an outward rotation 
of 10-30”. I t  is acceptable if the leg can be positioned between these 
limits; if not, the advisability of resorting to surgical measures to 
achieve this must be considered. Usually, however, the patient is satis- 
fied with any outward rotation position that is not too extrcme. 

2. A radiological examination to find whether there is any real 
shortening of the leg. A determination of the actual length of the leg 
is essential if the “neutral position” is to be found and the leg is to be 
arthrodesed in this position in the frontal plane ( 5 ) .  

3. Examination to ascertain whether the leg is so mobile in the 
frontal plane that it can he set in the neutral position. If there is an 
adduction contracture which precludes this position the advisability of 
adductor tenotomy to achieve it must be considered. A s  a rule the 
mobility increases slightly under anaesthesia, and the required position 
may then be attainable. 
4. Examination of the total sagittal range of mobility of both hip- 

joints. The method has been described elsewhere (1 ) .  
5. Examination of the total sagittal rangc of mobility of the lumbar 

spine ( L )  . An account of the method has been published ( 6 ) .  
6. Measurement of the angle betwecn the thoracic spine and the 

rigid thigh ( T l i e T r ) ,  with maximum extension in both the lumbar 
spine and the hip. 

M E C H A N I C S  O F  S A G I T T A L  M O H I L I T Y  
O F  L U M B A R  S P I N E  A N D  H I P - J O I N T S  

In a theoretical analysis to find the most suitable position, account must 
be taken of the dependence of various functions (sitting comfort and 
length of pace) on certain initial conditions (range of mobility, angles) 
in the choice of arthrodesis angles in thc sagittal plane. 

To facilitate description of the involved trigonometrical relationships 
the following terminology and abbreviations will be used : 

Fore pace ( F ) :  The pace taken with the rigid leg forward. 
Rear pace ( R ) :  The pace taken with the mobile leg forward. 
T h T :  Angle between the thoracic spine and one thigh. 
The T, :  The angle ThT with the lumbar spine fully extended and the 

The T , ;  The angle ThT in full cxtension of the lumbar spine and the 
thigh in the position for arthrodesis. 

mobile thigh with the hip-joint extended. 



HIP JOINT ARTHRODESIS 319 

T h , T r :  The angle ThT with full extension of the lumbar spine and 

S :  Sitting angle, the angle between the thoracic spine and the rigid 

L:  Range of mobility of the lumbar spine, from full extension to full 

H : Flexion angle for the hip-joint, measured from normal full ex- 

To simplify the analysis, the following assumptions may be made 

the rigid thigh in maximum extension. 

thigh in full flexion of the lumbar spine. 

flexion. 

tension ( 1 ) .  

(with other assumptions the analysis will take a different form) : 

I 

1.  A pace with an angle of 40" between the two legs is acceptable for 
a person with an arthrodcsis ( the normal pace is slightly longer, 5 0 " ) .  

2. If for some reason one of the steps must be shorter than normal 
it is of minor importance whether it is the fore or the rear pace that 
is shortened. After arthrodesis the fore pace will usually be the shorter 
one. 

3. In the ordinary seated position the angle S ranges from 90 to 
135" (in the latter extreme there is a backward inclination of the 
lumbar spine). For an arthrodesis patient an angle of 135" is acceptable, 
but sitting will be more comfortable if it is about 115". 

Table 1 shows the fore and the rear paces obtained with different 
values of T h , T ,  and the arthrodesis angle T h , T a .  The sitting angles 
are given for different lumbar spinal mobility ranges from 65" down 
to 45". 

An angle Th,T,,,  of 120" is found a t  lower ages and corresponds 
usually to a good spinal mobility; in these cases the direction of motion 
is usually suitable for the hip arthrodesis. It is seen in the table that 
for the arthrodesis positions with large flexion angles the ranges of 
mobility are good for both paces. A flexion position of about 50" would 
seem to be optimal-possibly larger for a person with a sedentary 
occupation (Figure 1 ) .  With a small flexion angle, such as 30", sitting 
is less comfortable, and there is no improvement in the length of pace, 
if both paces are considered. 

A number of persons quite normally adopt a slight stoop when 
walking, and many with arthrodesis have the same posturc, apparently 
without discomfort. It would therefore seem natural to accept a slight 
forward inclination of the thoracic spine-say about 20"-as the rear 
pace is being taken, since this considerably lengthens the step. The 
acceptance of such a gait will bear on the choice of arthrodesis position. 
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Table 1 .  Relationship between fore  pace ( F ) ,  rear pace ( R ) ,  sitting angle (S) and 
arthrodesis angle ( T h e T U )  for various thoracic spine-thigh angles for  the mobile 
thigh (Th,T,,,) and various ranges (65",  55" and 45")  o f  lumbar spine mobi l i ty  (L). 
8/20' denotes the length of the rear pace for a forward inclination of 20" o f  the 
thoracic spine. H f i s  the flexion in the hip-joint in the planned arthrodesis position 

The figures in italics are the recommended combinations. 

S S 5 
TheTI,, T h e l a  Hf F R H/200 I.(iSO L55O L4S0 

120 
120 
120 
120 
120 

130 
130 
130 
130 
130 

140 
140 
140 
140 
140 

150 
150 
150 
150 
150 

160 
160 
160 
160 
160 

170 
170 
170 
170 

180 
180 
180 

180 
170 
160 
150 
140 

180 
170 
160 
150 
140 

180 
170 
160 
150 
140 

200 
190 
180 
170 
160 

200 
190 
180 
170 
160 

200 
190 
180 
170 

200 
190 
180 

60 
50 
40 
30 
20 

50 
40 
30 
20 
10 

40 
30 
20 
10 
0 

50 
40 
30 
20 
10 

40 
30 
20 
10 
0 

30 
20 
10 
0 

20 
10 
0 

60 
50 
40 
30 
20 

50 
40 
30 
20 
10 

40 
30 
20 
10 
0 

50 
40 
30 
20 
10 

40 
30 
20 
10 
0 

30 
20 
10 
0 

C 

d 
0 

0 
20 
40 
60 
80 

0 
20 
40 
60 
80 

0 
20 
40 
60 
80 

a 
b 
0 

20 
40 

a 
b 
0 

20 
40 

a 
b 
0 

20 

Q 

b 
0 

40 
60 
80 

100 
120 

40 
60 
80 

100 
120 

40 
60 
80 

100 
120 

0 
20 
40 
60 
80 

0 
20 
40 
60 
80 

0 
20 
40 
60 

0 
20 
40 

115 
125 
135 
145 
155 

115 
1 25 
135 
145 
155 

115 
125 
135 
145 
155 

95 
105 
215 
125 
135 

95 
105 
115 
125 
135 

95 
105 
115 
125 

95 
105 
115 

125 
135 
145 
155 
165 

125 
135 
145 
155 
165 

la5 
135 
145 
155 
165 

105 
115 
125 
135 
145 

105 
115 
125 
135 
145 

105 
115 
125 
135 

105 
115 
125 

135 
145 
155 
165 
175 

135 
145 
155 
165 
175 

135 
145 
155 
165 
175 

115 
125 
135 
145 
155 

115 
125 
135 
145 
155 

115 
125 
135 
145 

115 
125 
135 

a Cannot be performed without forward inclination of more than 20". 
b ,, ,, ,, ,1 , , I ,  , , l o " .  
c Maximum 20" possible, when forward inclination will be 10'. 
c ,9 1. ,, 1, 5". 
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Figure f. Diagram illustrating sagittal movements of the lumbar spine and mobile 
hip in an arthrodesis case. The conditions are: Th,Tm 120", L 65" and TheT ,  170". 
Both F and R have been made 40". F can be 50" i f  the mobile hip is extended to  
position E .  R requires a forward inclination of the upper trunk of 10". I f  this is 

quite comfortable (125a). 
increased to 20" the pace can be 60". The sitting angle, S will  be 

The length of the rear pace when the upper trunk is inclined 20" for- 
wards is given under B120". 

A n  angle TheTn, of 140" is probably quite common at ages a t  which 
arthrodesis are usually performed, and a t  40-60 years it is normally 
about 145" ( 6 ) .  It is seen here that an arthrodesis set with a small anglc 
of flexion results in not only a less comfortable seated position but also 
a shorter fore pace, while the rear pace will be unnecessarily long, and 
will not be fully exploited. For this group an arthrodesis position with 
30-40" flexion would seem optimal for the arthrodesis. 

As TheTm is increased further ( 1 6 0 ° ) ,  so is the difficulty of obtain- 
ing a good length of pace, but a comfortable sitting position is more 
easily achieved. Here, a flexion of only 20-30" is perhaps to be preferred. 

When TheTll ,  is as large as 180" a pathological condition also of the 
mobile hip-joint may be suspected and the chance of obtaining a good 
length of pace is yet more slender, though a comfortable seated position 
is still reasonably certain. For such cases extension or slight flexion 
(10") may be best for the arthrodesis (Figure 2 ) .  

Since the flexion contracture will probably be larger for the affected 
than the mobile hip ( TheTr is almost invariably greater than Th,Tl,, ) , 
there may be difficulty in achieving the desired position. 

The discussion has been limited so far to the size of TheTm and its 
effect on the length of pace for various arthordesis positions. A reduc- 
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Figure 2. Diagram illustrating the sagittal movements of the lumbar spine and 
mobile hip in an  arthrodesis case. The conditions are: Th,Tn, IXO", 1. 45" and 
Th,T,  170". F will  then be only  l o" ,  w i th  a forward inclination of the upper trunk 
of 5". I f  the forward inclination is 20" R will  be 20". The paces wi l l  be short but 

the sitting angle S will  be quite comfortable (125"). 

tiori in the range of mobility of the lumbar spine, as often occurs in 
these cases, must also be taken into account in deciding the arthrodesis 
position. 

If the range of lumbar spine mobility is not below 45O-when a hip 
arthrodesis would probably not be very suitable-there is no risk that 
the reduction in mobility will restrict either pace. On the other hand, 
the comfort in sitting is reduced when the mobility of the lumbar spine 
decreases. If a maximum of 135" for S is taken as providing an accept- 
able level of sitting comfort, the choice of suitable arthrodesis positions 
is considerably restricted when the spinal mobility is reduced, and then 
the more flexed positions are preferable. 

For an analysis of the relationship between the various functions on 
the basis of other conditions and other angles, the following relation- 
ships may be used: 

S == 360 - Th,Ta - L 
F = Th,T,  - T h J m  provided that ThcTn 

H f -  Th ,T ,  - The?',,* provided that the extension in the better hip is considered 

180 and Th,T,,,< 180 
R - 2 (180 - Th,Tu) 

to be normal. 

P R E O P E R A T I V E  E V A L U A T I O N  

Without entering on a trigonometrical analysis in the individual case it 
is possible to form an opinion on the most sutitable arthrodesis angle 
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from an examination of the patient and the data in Table 1. The data 
required are the total sagittal range of mobility (I,-65", L-55" and 
IA0-45 in the table) and the angle between the thoracic spine and the 
mobile thigh in full extension of both the lumbar spine and the hip 
(TheT, ,  in the table). From these values the size of the fore and the 
rear paces and thc sitting angle ( F ,  R and S) can be found. If one accepts 
a rear pace with a forward inclination of 20" when the pace is made, 
its sizc will be found under BI20'. A certain arthrodcsis angle can then 
be decided upon ( T h  eTa or H r )  that gives values that will apparently 
be optimal for the patient, with due regard to such factors as his occu- 
pation and sitting habits. It must also be checked whether this position 
lies within the limits for the range of mobility of the rigid hip. If this 
is not the case it is necessary to consider, as in the case of outward 
rotation contractturc or adduction contracture, whether surgical mea- 
sures must be resorted to in order to free the rigid hip so that the 
required position can be achieved. 

O P E R A T I N G  T A B L E  A N D  T E C H N I Q U E  

To realise a planned arthrodesis angle there are certain practical re- 
quirements. Although from a theoretical aspect a number of surgical 
methods may be used, it would seem to be most easily performed by a 
nail arthrodesis on an extension operating table so as get the hip into 
the exact position. To obtain healing of the bone, a graft combined with 
drilling through thc joint is recommended. Methods requiring initial 
dislocation of the hip, removal of cartilage and shaping of the femoral 
head and acetabulum, after which the hip joint is repositioned, call for 
such extensive manoeuvres of the leg that it is difficult, if not im- 
possible, to make the necessary measurements on the patient under 
aseptic conditions and to obtain the dcsired position. 

The operating tablc should permit rotation of the leg about its axis, 
and abduction and adduction in both legs. A combined abduction and 
adduction of both hip-joints is often best obtained by extending one Icg 
and applying pressure to the other, and such a movement must there- 
fore be feasible. For positioning in the frontal plane it must be possible 
to indicate both malleoli and to determine the centre of the mobile hip. 
This is best done by fluorescopy with, for instance, X-ray television, 
when the centre of the femoral head can easily be markcd on the skin 
in the region of the groin. 

To be able to position the hipjoints and spine in the sagittal planf. 
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Figure 3.  Operating table w i t h  the yut ient  in position for  an arthrorlesis. 
TheTiii is 160", T h e T ,  200" and Hl .40" .  

it must be possible for both lcgs to bc raiscd and lowcred through an 
anglc of at least 40". 

P R E - O P E R A T I V E  S E T T I N G  OF T H E  H I P - J O I N T  

First the leg is sct in a suitable rotation position (for instance 15" out- 
ward rotation). Sincc thcrc is a certain rotation in the kncc also in the 
extended position (Hall ln ff Lindahl ( 3 ) )  and thcre is a large rotation 
in the foot, thc required rotation position should be checked on thc 
patella. 

The position in the frontal plane is thcn achicved by traction and 
pressurc in the axial dircction of the lcgs so as to bring both anklcs to 
the same distance from the centre of thc mobile hip. If the real shorten- 
ing is more than 1 cm it may bc necessary to compensate for it and to 
secure the neutral position ( 5 )  to avoid tipping of the pelvis in the 
standing position. 

The saggittal position is then obtained. First full extension of thc 
mobile hip and lumbar spine is achieved by lowering thc mobilc Icg 
(the angle Th,TlIl is then obtained between the thorax and this thigh; 
Figure 6 A, page 247 in article with refcrcncc No. 6 ) .  Thc rigid thigh is 
then placcd in thc determined flexion position ( T h , T o )  and thc anglc 
between the thoracic spine (plane of the operating table) and the rigid 
hip is measured. Whcn this position has becn achieved a new chcck 
should be made in the frontal plane, in which there may have been a 
change during these manipulations (Figure 3) .  The position so ohtaincd 
is retained throughout the operation. 
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D I S C U S S I O N  

The performance of a theoretical analysis followed by attainment of 
the desired position might appear an involved procedure for an arthro- 
desk and one may wonder whether so great an apparatus is necessary. 

In many cases the hip has been set naturally in a more or less ideal 
flexion position through a flexion contracture of 30-40” (note the 
difference between the angle obtained by Thomas’s test and the true 
flexion contracture ( 1) ) , and in these cases the required flexion position 
is obtained only by allowing the patient to lie on a plane operating 
table with the lumbar spine slightly lordosed through the weight of the 
thigh. Whether this actually happens can be found by the procedure 
described, and it is then unnecessary to make any major arrangement 
at  the operation. In  these cases Watson-Jones’ (7) words are perhaps 
relevant: “As the patient lies on the table there is enough lordosis to 
be sure that the final position of consolidation will amount to only 30 
degrees of fixxed flexion, which is quite enough for comfortable sitting 
and is correct for comfortable standing”. In a fair number of cases, 
however, these conditions are not present and it would seem that an 
analysis and more exact positioning are essential if the patient’s poten- 
tial mobility is to be realized by the operation. 

Since the patient himself is almost invariably satisfied because his 
pain has been banished ( 4 ) ,  and since he will not know which position 
would be better, one need not in such a case take a satisfied patient as 
a mortgage to realize the best possible result. 

S U M M A R Y  

In the performance of a hip-joint arthrodesis there are two problems, 
in addition to that of the surgical technique, namely, which position of 
the hip will give the best function, and how this is to be realised at the 
operation. On the basis of a trigonometrical analysis of the sagittal 
mobility of the hip-joints and lumbar spine, an account is given in 
tabular form of the relationship between certain ranges of mobility 
measured before the operation, and the postoperative function with 
different arthrodesis angles. The positioning in the frontal and trans- 
verse planes has been discussed in earlier papers. After a pre-operative 
analysis of the “best arthrodesis angle” a method is presented for 
achieving this position at  the operation. 

The need for such a careful procedure is discussed. 
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R E S U M E  

Lorsqu’en procitde a une arthroditse de la hanche, il faut tenir comptc 
en plus de la technique chirurgicale de deux prohlbmes, a savoir quclle 
position dc la hanche donnera la mcillcure fonction et comment cell-ci 
peut Ctre rCalisCe par I’opCration. Sur la base d’une analyse trigono- 
mbtrique de la mobilitk sagittale dcs articulations de la hanchc ct dc. la 
colonne lombairc, un compte redu est donnb sous forme de tableau dc 
la relation entre certaines Ctendues de mobilitC mesurCes avant 1’opCra- 
tion et la fonction post-opCratoire avcc diffbrents angles d’arthroditses. 
La mise en position dans le plan frontal ct transversal a CtC discutCc 
dans des publications autCricurcs. Aprits une analyse prb-opbratoire du 
“meilleur angle d’arthrodkse”, une mbthode a C t C  prksentke pour 
I’btablissement de la position par l’opdration. 

14c hesoin d’une procCdure minuticusc de ce gcnre cst discutk. 

Z U S A M M E N F A S S U N G  

Bei der Ausfiihrung ciner Huftgelenksarthrodese sind, abgesehen von 
der chirurgischcn Technik, zwei zusatzliche Problemc vorhanden, nam- 
lich - welche Stellung wird die bestc Funktion crgeben und wie kann 
man dies unter der Operation klarlegen. Auf Grundlage ciner trigono- 
Inctrischen Analyse der sagittalen Beweglichkcit der Hiiftgelenkc und 
der 1,endenwirbelsaule wird in tabellarischer Form ober die Beziehung 
zwischcn gewissen vor der Operation gemessenen Rewegungsbereichen 
und der postoperativen Funktion bei verschicdcncn Arthrodesewinkeln, 
berichtet. Die Einstellung in dcr frontalen und transvcrsen Ehenc ist 
in einer friiheren Arbeit besprochen worden. Nach einer praoperativcn 
Analyse des “besten Arthrodesewinkels” wird eine Methodc zur Er- 
haltung dieser Position wihrcnd der Operation mitgeteilt. 

Dit Notwendigkcit eines derartigcn sorgfaltigen Vorgchens wird bc- 
sprochen. 
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