
ACTA ORTHOPAEDICA SCANDINAVICA 
SUPPLEMENTUM NO. 199, VOL. 54 

From the Department of Orthopaedic Surgery (Head: Prof. Sven Olerud), 
University Hospital, Uppsala, Sweden. 

Experimentally induced hip dislocation 
. . - 0  . in vitro and in vivo 
A study in newborn rabbits 

BY 

STEFAN ASPLUND and AKE HJELMSTEDT 

MUNKSGAARD. COPENHAGEN 1983 



Translated b y  Maud Marsden 

Key words: Hip joint, anatomy - Hip dislocation, 
congenital - Hip biomechanics 

ISBN 87-16-09555-3 
ISSN 0300-8827 

Offsetcenter A 6  
Uppsala 1983 



CONTENTS 

I n t  roduct ion 1 

Notation and abbreviations 3 

Definitions 4 

Apparatus,  material and methods 
1) In vi t ro  and s torage series 

Apparatus 
Material, preparation and procedure 

2 )  In vivo series 
Material, procedure and preparation of specimens 

3) Roentgenological examination 
4) C r y osect ioni ng 
5) Photographic documentation 
6)  Measurement of dislocation 
7) Normal l i m i t  of t he  joint space 

In vitro experiments 
Aims of  t he  investigation 
Experimental set-up 
Results 
Discuss ion 
Conclusions 

In vivo experiments 
Aim of t he  investigation 
Series I .  Experimental set-up 
Results 
Series I I .  Experimental set-up 
Results 
Discussion 
Conclusions 

Comparison between the findings in the in vivo and 
in vitro investigations 

Aim of t h e  comparison 
Result 
Discussion 
Conclusions 

5 

5 

5 

6 

7 
7 
9 

10 

1 1  
1 1  

13 

14 

14 

14 

15 
19 

22 

23 

23 

23 

23 

24 

24 

25 

29 

30 

30 

30 

30 

32 



Experimental studies of  the effect of post-mortem storage 

Aim of  the investigation 

Experimental se t-u p 

Results 

Discussion 

Conclusions 

General discussion 

Conclusions 

Summary 

References 

Appendix, Tables V l l l  - XI  

33 

33 

33 

34 

38 

40  

41 

45 

47 

49 

54 



INTRODUCTION 

The  l i t e ra tu re  concern ing  congenital dislocation of t h e  hip (CDH) and 

i t s  treatment i s  v e r y  extensive. Anatomical studies o f  t h i s  condi t ion 

have been performed on autopsy material f rom foetuses and  newborn  

in fan ts  (Holtrman 1895, Lepage E Crosse 1901, L e  Damany 1912, Orto- 

lani  1948, 1976, Stanisavl jevic & Mitchel l  1963, Laurenson 1964, Dunn  

1969, 1976 b, McKibbin 1970, Campos da Paz E Karam Kal i l  1976, Dega 

1978, Ogden & Moss 1978, Ponseti 1978, Stanisavl jevic 1981, and o thers ) .  

Observations during su rge ry  have been repor ted  by several authors, 

inc lud ing  Howor th  and Smith ( 19321, Scagliett i  and  Calandriel lo ( 1  9621, 

Ferguson (1973)  and Weinstein a n d  Ponseti (19791, but fo r  na tura l  rea- 

sons t h e  anatomical descr ipt ions he re  have been incomplete. Roentgen- 

anatomical studies w i th  the  a id  o f  a r th rog raphy  and  computed tomo- 

g raphy  have been of g rea t  help in the  cl in ical  management, but on ly  

exceptional ly have these invest igat ions been conducted on  ch i ld ren  be- 

low the  age of s ix months (Sever in  1941, Mitchel l  1963, Ast ley  1967, 

Nakamura 1968, Crech 1972, Lonnerholm 1979, Browning, Rosenkrantz 

E Tarqu in io  1982, Visser, Jonkers & Hi l len 1982).  

In animal exper iments in vivo, hip dysplasia a n d l o r  hip dislocation 

have been induced by surgical  procedures (Smith, l r e ton  & Coleman 

1958, Smith, Coleman, O l ix  & Slager 1963, Riser 1975, Negri,  T r ica-  

r i co  & l o r i o  19771, externa l  trauma (Langenskiold, Sarpio & Michelsson 

1962) o r  immobilization of t h e  hind leg w i th  o r  w i thout  concomitant ad- 

ministrat ion o f  hormones (Wilkinson 1963, Si jb rand i j  1965, Salter 1966, 

Michelsson & Langenskiold 1972) .  T h e  lesions have been studied radio- 

logical ly a n d  anatomically. 

In a prev ious  paper  (Hjelmstedt, Asp lund & Rauschning 1982) we pre-  

sented a method of inducing hip dislocation in v i t r o  in autopsy speci- 

mens and s tudy ing  the  resu l t  anatomically. We found it possible to  p ro-  

duce deformation and  dislocation similar t o  those descr ibed in autopsy 

invest igat ions o f  CDH. . 

In the  present s tudy  dislocation o f  the  hip was induced in newborn 

rabb i ts  both in vitro and in vivo.  T h e  aims were 
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tc? examine, in in v i t r o  experiments, the relation between load and dis- 

location ; 

to develop an in v ivo method fo r  inducing dislocation and deformation 

o f  the hip; 

to see whether dislocation o f  the same type and degree can be obtained 

w i t h  the in v i t r o  method as w i t h  the in v ivo method; and 

to investigate the way in which d i f ferent  forms of  post-mortem storage 

o f  specimens influence the results. 
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NOTATION AND ABBREVIATIONS 

a 
b = slope of the regression line, i.e. the coefficient of regression 
C = centigrade 
CDH = congenital dislocation of the hip 
CMC = carboxymethyl-cellulose gel 
d = the diameter of the femoral head 
D 

= intercept of the regression line 

= the dislocation of the femoral head expressed a s  parts of the 
diameter d .  Example: 1.0 d means a total dislocation and 0.5 d 
a partial dislocation where half of the head is out of the socket. 
See Fig. 5. 

Dh = the mean of the dislocation D determined from three central sec- 
tions from one and the same hip 

Da = the mean of the dislocation Dh of the left and right hips of one 
and the same animal, where the load had been the same on both 
hips 

g = gram 
GAG = glycosaminoglycans 

Ln 
Lr 
mg 
N 

P 

r 
rh 
SD 
S 
W 

Y X  

= the load in newtons 
= the relative load expressed as  parts or  multiples of W 
= milligram 
= newtons 
= probability 
= the distance in mm between the central point of the femoral head 

and the anterior margin of the acetabulum (see Fig. 5) 

= coefficient of correlation 

= the radius of the femoral head in mm (see Fig. 5) 
= standard deviation 
= standard deviation from regression 
= the weight of the animal, i.e. the product of the mass and the 

acceleration due to gravity. W is expressed in newtons. 
p n  = microns 
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DEFINITIONS 

DEFORMATION - T h e  al terat ion in the  shape o f  t h e  skeletal p a r t s  

subjected t o  stress. 

DISLOCATION - Part ia l  o r  complete displacement o f  t h e  femoral head. 

In o u r  own exper iments th i s  was measured as shown 

in F igu re  5 and  is  cal led dislocation when the  u p p e r  

normal l imi t  o f  D h  = 0.109 d was exceeded. 

T h e  word  dislocation thus  includes b o t h  sub luxa t ion  

and  luxation, terms which a re  avoided in t h i s  paper.  

DY S PLAS I A - T h i s  can have several d i f f e ren t  meanings. In t h e  

present  paper  the  word  i s  used in the  sense o f  a n  

abnormal shape i r respec t ive  o f  whether t h i s  has 

been caused by ex terna l  o r  in te rna l  factors, o r  

bo th .  

RELATIVE LOAD - As the  animals d i f f e r  in size, it i s  appropr ia te  t o  

relate the  load t o  the  weight W o f  the  animal. T h i s  

i s  done by express ing  the  load as pa r t s  o r  mul- 

t ip les o f  W. T h i s  expression i s  cal led the  re la t i ve  

load Lr as d i s t i nc t  f rom the  load Ln, which i s  ex- 

pressed in newtons. 



APPARATUS, MATERIAL AND METHODS 

1. In v i t r o  and storage series 

/4pp~ct_u_s_. The experimental apparatus (Fig. 1) is the same as was used 

previously in corresponding experiments on human specimens (Hjelmstedt, 

Asplund & Rauschning 1982). It consists o f  two load devices which are 

f ixed above to  a frame, which is connected to a base by four  metal rods. 

The base is supplied w h i t h  holes and screws fo r  attachment o f  the spe- 

cimen (sp).  The load device consists of a force gauge (f) wi th  a mea- 

surement range o f  0 - 10 N (Ametek T )  and a screw device (s)  for  sett- 

ing the desired load. The force i s  transmitted from the load device to 

the femur through a metal rod  (m) and the orientation o f  the force i s  

set by means o f  a ball-and-socket jo int  ( j l .  

Figure 1.  
and-socket joint, s = screw device, f =.force gauge, m = metal rod, 
sp = specimen. See text for details. 

Schematic drawing of the experimental apparatus. i = ball- 





freezing of t h e  specimen, and two of these experiments had to be ex- 
cluded from the series because of technical failure. 

2 .  In vivo series 

M~~~~~~a_l,_p_r_o_c_ep_u_r_e-an_d_p_r~~rat_i_o_n__qf_p~~~m~~-~. New Zea land rabbits 
7 - 12 days old (mean age 9 .2  days) and weighing 120 - 240 g (mean 
165 g )  were used. 

The experiments were performed in two series. In series I ,  which was 
a pilot study, the different experimental conditions were varied. With 
the guidance of the results in series I ,  the experimental conditions in 
series I I were standardized. 

The knee joint was immobilized in extension with a dorsally applied 
plastic splint (Crystona), which was fixed with adhesive tape. Most of 
the extremities were also fixed with the hip flexed, by means of a s t r ip  
of adhesive tape around the trunk. In series I I ,  in addition the two 
hind legs were fixed to one another in inward rotation (Table I, Fig. 2 ) .  

Note that fixation of the legs in inward rotation was not equivalent to 
inward rotation of the hip joints. This was because part  of the rotation 
took place a t  the knee joint, and also because some of the rotation was 
lost through slipping of the skin in relation to the underlying muscle 
and bone. At the end of the experiment 5 mg of ketamine were injected 
intramuscularly. With this form of anaesthesia the muscle tone was main- 
tained. The rabbit was then lowered in the anaesthetized state into li- 

quid nitrogen (-196' C) and became deep-frozen almost instantaneously. 
Af t e r  the freezing, a specimen comprising the pelvis and both hind 
legs was excised. During the course of the dissection the specimen was 
dipped from time to time in liquid nitrogen to prevent thawing. The 
specimen was then examined roentgenologically with an anteroposterior 
(a.p.1 projection of the femur, and the abduction or adduction was 
measured on the roentgenograms. After exarticulation a t  the knee joints, 
the rotation of the hips was determined from the position of the femoral 
condyles. The specimen was then divided sagittally a t  the midline and 
embedded for cryosectioning. 
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Table I. Summary o f  t h e  experimental variables in the  in v i vo  series I 

and I I  

Series I Series I I  

Bi lateral  experiments 

Uni lateral  experiments 

No. o f  extremit ies f i xed  
to  the  trunk in f lexion 

No. of extremit ies 
f ixed to  the  trunk 

No. of extremit ies 
in inward  rotat ion 

H i p  jo int :  

f lexion 

ou tward  rotat ion 

abduct ion 

** 

6 

4 

12 

not 4 

f i xed  2* 

10 
- 

20 

- 

20 

65-140' mean 102' 90-110' mean 96' 
0 0- 55' mean 22' -30-+15' mean - 1  

-15-+20° mean 7' -15-+12' mean - 4  0 

experimental per iod  1 min - 24 h 

No. of dislocated h ips  9 
3 h  

18 

* F ixed b o t h  in f lexion and in inward  rotat ion 

** Refers t o  a l l  immobilized extremit ies 

Figure 2. 
legs fixed in inward rotation and pronounced flexion. In relation to 
the pelvis, however, the flexion was only about 98. 

lmmobilized rabbit from the in vivo series I I  with both hind 
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3. Roentgenological examination 

All specimens were examined roentgenologically in the frozen state af ter  

completion o f  the experiment (Fig. 3 ) .  Kodak X-omatic roentgen film 

was used (exposure data: 50 kilovolts, 1 .2  sec). The roentgenograms 

were taken w i t h  the femur in the a.p. projection, i.e. in the projection 

in which the dislocation could be expected to  be most dist inct ly evident. 

Most o f  the specimens had a hip flexion o f  about 90°, which meant that 

the osseous par ts  o f  the pelvis were superimposed upon one another on 

the roentgen film and in many cases the acetabulum was d i f f icu l t  t o  de- 

marcate exactly. Moreover, the acetabulum was not completely mineral- 

ized, which made the evaluation even more d i f f icu l t .  All femoral heads 

had a dist inct  ossification centre, although the degree o f  mineralization 

varied. Differences in dislocation between d i f ferent  specimens were 

usually clearly evident, but because o f  the d i f f icu l ty  in finding repro- 

ducible measurement points, the roentgenograms were not used to deter- 

mine the degree o f  dislocation. On the other hand, the abduction o r  

adduction o f  the hip was easily measured. 

Figure 3. 
Hip flexion about 900. a )  Unloaded specimen without dislocation. b )  Spe- 
cimen from the in  vivo experiments, with dislocation. 

Note the incomplete mineralization of the femoral head and acetabulum, 
which makes i t  impossible to demarcate these structures exactly. 

Roentgenograms of hip specimens. Frontal view of the femur. 
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Mjcyoig?l_e, For cryosect ioning , a heavy-duty  cryomicrotome (LKB 2250, 

Bromma, Sweden] w i t h  a 35' microtome kn i fe  was used. T o  faci l i tate re- 

peated adjustment o f  t he  specimen in a l l  planes during the  course o f  

cu t t ing ,  a microtome stage w i t h  a ball-and-socket j o in t  was employed, 

al lowing tilting of the  stage by 15' in any  d i rec t ion  f rom the  horizon- 

ta l  plane. Most funct ions o f  t h e  cryomicrotome can b e  gu ided from a 

remote cont ro l  panel. Among o the r  th ings, the  number and  thickness 

o f  sections can b e  predetermined w i th in  the  range  o f  1 - 9 9 9 p  and 

1 - 999 sections respect ively.  

Efl-bekjihg, 
ver tebra l  column, giving two hip specimens. These were frozen-f ixed 

separately on to  a slab o f  f rozen carboxymethyl-cel lulose ge l  (CMC). 

T h e  posi t ioning o f  t he  hip specimens was o f  greatest  importance f o r  ob- 

ta in ing  a co r rec t  sect ioning plane, i.e. t he  plane paral le l  t o  the  femo- 

ra l  neck and  the  shaft,  in wh ich  the  dislocation cou ld  b e  expected t o  

b e  most pronounced. T h e  posi t ion o f  the  femoral sha f t  could be  obser- 

ved  on  the  ex te r io r  o f  t he  specimen. T h e  posi t ion o f  the  femoral neck 

could b e  estimated from the  measured hip rotat ion, w i t h  cor rec t ion  f o r  

anteversion. Accord ing  t o  Wilkinson ( 1  962) t h e  anteversion in f ive-day- 

old rabb i t s  i s  loo. T h e  slab w i t h  the  specimen was pIaced in a micro- 

tome stage box  a t  -70' C. T o  p reven t  thawing  o f  t he  small specimen, 

cooled CMC was added in stages until the  specimen was completely em- 

bedded in frozen gel. 

T h e  frozen specimen was d i v ided  sagi t ta l ly  t h r o u g h  the  

Ss$oninq. 
cryomicrotome and was al lowed t o  equ i l ib ra te  t o  i t s  temperature o f  

-20' C. T h e  specimen was sectioned down to the  hip jo in t  level and  

f ine-adjustment o f  the  sect ioning plane was made. T h e  subsequent sec- 

t ions were 50 p m  th ick .  A f t e r  eve ry  fifth section (0.25 mm), the  cut 

sur face  of the  block was slightly thawed in order. t o  remove ice crystals,  

and was t h e n  photographed. 

T h e  ice block conta in ing  the  specimen was mounted in the  

10 



5. Photographic documentation 

The section surface was photographed w i t h  a 35 mm S L R  camera (Olym- 

pus  OM 2 N)  t o  wh ich  an  80 mm macrolens was at tached via a n  exten- 

sion tube. Kadachrome 25 reversa l  f i lm was used. Two  automatic elec- 

t ron ic  f lash u n i t s  (Olympus T 32). placed one on  e i ther  s ide o f  the  

specimen a t  a n  angle o f  45' t o  t h e  sur face  o f  t h e  section, served for 

i l lumination. A measur ing scale was placed a t  t h e  edge o f  t h e  section 

surface t o  permi t  subsequent measurements. T h e  photography  was done 

manually. 

6. Measurement o f  dislocation 

The dislocation was measured o n  the  photograph o f  t he  section surface, 

which was magnif ied about 30 times o n  a screen. O f  several conceivable 

ways o f  measuring the  dislocation, we chose the  fol lowing. In a normal 

rabb i t  h i p ' t h e  femoral head is  essential ly spherical,  i.e. it has a circu- 

l a r  shape on  the  section sur face  (Fig.  4). On loading, however, some 

deformation o f  t h e  femoral head takes place, w i t h  f la t ten ing  and some- 

times the  formation o f  a crease. It i s  then  no t  possible t o  measure the  

Figure 4. 
surfaces are not in direct contact bu t  ore separated by  a iayer of 
f luid. The femoral head is essentially circular,and i ts diameter can be 
measured with the aid of a radius templet. 

Cryosection of unloaded hip joint. Note that the articular 

1 1  



Figure 5.  
measured. The radius ( r h )  and the diameter ( d )  of the femoral head 
and the central point are determined with the aid of radius templets. 
q = the distance between the central point of the femoral head and the 
ventral margin of the acetabulurn. The dislocation expFFfi"d in  rnm is 
q- rh  and as expressed as parts of the diameter i t  is - d *  

Schematic illustration of the way in which the dislocation is 

rad ius  o f  t he  femora1 head d i rec t l y  o n  t h e  section surface by means o f  

compasses, f o r  example. Thus, in o u r  experiments the  cent ra l  po in t  and 

the  rad ius  ( r h )  were determined w i t h  t h e  a id  o f  rad ius  templets (Fig.  5). 

Since the  diameter o f  t h e  femoral head as measured o n  the  sections 

va r ied  between 3.9 and 5.2 mm, it was considered most appropr ia te  t o  

express the  dislocation D in relat ion to  the  diameter d o f  the  femoral 

head instead of in miflimetres. T h e  method o f  measurement i s  shown in 

Fig.  5. D was determined o n  the  th ree  cent ra l  sections and it i s  t he  

mean value (Dh) o f  these determinations tha t  i s  used in the  presenta- 

t ion  o f  t he  resu l ts .  
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7. Normal l im i t  o f  t h e  j o in t  space 

If D h  = 0 d th i s  means tha t  t he  femoral head should have complete con- 

tac t  w i t h  the  ven t ra l  marg in  o f  t he  acetabulum. However, even in a n  

unloaded hip the re  i s  always a small d istance between the  two a r t i cu la r  

surfaces, represent ing  a normal j o in t  space (F ig .  4). Moreover, when 

t h e  jo in t  i s  f rozen t h i s  distance may increase t o  some ex ten t  as a re- 

su l t  of expansion o f  t he  j o in t  fluid between the  a r t i cu la r  surfaces, wh ich  

w i l l  displace the  femoral head in relat ion t o  the  acetabulum. Consequent- 

ly, it may b e  d i f f i c u l t  t o  d i s t i ngu ish  between a s l i gh t  dislocation in a 

loaded hip and a normal jo in t  space in a hip tha t  i s  n o t  loaded. W i t h  

t he  aim o f  determining an  u p p e r  normal l imi t  f o r  Dh, t h e  fo l lowing 

s tudy  was performed. 

Ten  New Zealand rabb i t s  f rom four l i t t e r s  were used. T h e y  were 7 - 11 

days o ld  (mean 8 days)  and  weighed 125 - 240 g (mean 161 g ) .  T h e  

animals were k i l l ed  w i t h  an  overdose o f  ketamine and  the  h i p s  were 

placed in approximately 90 

a f te r  wh ich  they  were f rozen. One hip jo in t  f rom each animal was c ryo-  

sectioned and  t h e  j o in t  space, expressed as Dh, was determined. T h e  

mean D h  was 0.057 d ( range  0.029 - 0.105 d )  and the  s tandard  devia- 

t ion  (SD) 0.026 d. T h e  u p p e r  normal l imi t  f o r  D h  was there fore  set a t  

0.109 d (0.057 d + 2 SD1. 

0 f lex ion  and  neu t ra l  abduct ion and rotat ion, 

13 



I N  VITRO EXPERIMENTS 

The  aims o f  t h i s  invest igat ion were 

to  ascertain whether the  prev ious ly  used method o f  i nduc ing  hip dislo- 

cation in a sho r t  time in human specimens was also applicable t o  

small specimens from young  rabb i ts ;  and i f  so, 

to s tudy  the  relat ionship between load and dislocation 

Experimental set-up 

Twenty-eight hip joints f rom 14 rabb i t s  were loaded and  cryosect ioned 

and the  dislocation was measured, as p rev ious ly  descr ibed. T h e  magni- 

t ude  o f  t he  load was var ied  w i t h  respect to  the  weight o f  t h e  animal (W) 

f rom cor respond ing  t o  approximately 0.25 x W t o  2.5 x W, so t ha t  seven 

d i f f e ren t  load categories were obtained, w i t h  two animals in each cate- 

go ry .  Expressed in newtons, the load var ied  between 0.3 N and  4.0 N 
(Tab le  1 1 ) .  A l l  h ips  were loaded in the  posi t ion of 90' f lexion, 0 - 3' 

abduct ion  and 0 - 5 outward  rotat ion.  T h e  experimental per iod  was 

th ree  hours .  

0 

Table II. D iv is ion  i n to  categories according t o  re la t i ve  load in the  in 
v i t r o  series 

Relat ive load Animal 1 Animal 2 
Load (N)  Weight ( N )  Load ( N )  Weight ( N )  

~~ ~ 

0.25 x W 0.3 1.2 0.4 1.7 

0.50 x W 0.65 1.3 0.75 1.5 

0.75 x W 1.25 1.65 1.25 1.7 

1.0 x w 1.5 1.5 1.5 1.5 

1.5 x w 2.7 1.8 3.15 2.1 

2.0 x w 2.8 1.45 4.0 2.05 

2.5 x w 3.9 1.6 3.9 1.55 

14 



Results 

Dislocation occur red  in al l  experiments and D h  var ied  between 0.121 d 

and 0.730 d (upper  normal l imi t  0.109 d ) .  The  dislocation in the  d i f f e r -  

en t  load categories i s  g i ven  in Table 111. It increased w i th  the  magni- 

tude o f  t he  load and is presented graphical ly in F igu re  6 as a func t ion  

of  t h e  logar i thm o f  t h e  relat ive load Lr and  in F igu re  7 as a funct ion 

of t he  logarithm o f  t he  load Ln expressed in newtons. As the  disloca- 

t ion  in the  right hip and tha t  in the  l e f t  hip may be  regarded as de- 

pendent variables, t he  dislocation in each animal i s  repor ted  as the  

mean value f o r  t he  two h ips  (Da) and  is g iven  as a po in t  in Figures 

6 and 7. It was also these mean values tha t  were used in calculat ing 

the  regression lines. 

Deformation o f  t he  femoral head and /o r  o f  t he  acetabular cart i lage was 

observed in al l  experiments. The  p a r t  of t h e  femoral head tha t  lay 

against the  dorsal  marg in  o f  t h e  acetabulum became f lattened, and in 

cases of pronounced f la t ten ing  a crease was seen lateral  t o  the  f lat-  

tened area. The  dorsal  acetabular marg in  was folded backwards to  a 

g rea ter  o r  lesser ex ten t  as a resu l t  o f  t he  pressure  from the  femoral 

head. The  deformation increased w i th  increasing load and i s  descr ibed 

in more detai l  in Figures 8 - 11. In no  case was any  macroscopic dam- 

age t o  t h e  jo in t  capsule o r  t he  ligament o f  the  head o f  the  femur ob- 

served. 

Table 111.  T h e  dislocation in the  in v i t r o  series 

Relat ive No. of Dislocation D h  
load h ips  

min. max . mean SD 

0.25 x W 4 0.121 0.236 0.168 0.051 
0.50 x W 4 0.231 0.353 0.275 0.054 
0.75 x W 4 0.354 0.461 0.415 0.046 
1.0 x w 4 0.400 0.473 0.432 0.031 
1.5 x W 4 0.495 0.705 0.619 0.091 
2.0 x w 4 0.575 0.602 0.588 0.012 
2.5 x w 4 0.71 1 0.730 0.722 0.009 
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d 
0.1 

0.7 

0.E 

0.5 

0.4 

0.3 

0.2 

*i 

0.25 0.5 0.75 10 1.5 20 26 xW 

Figure 6. The relationship between relative load ( L r )  and dislocation 
in the in v i t ro  experiments. Logarithmic scale (natural logarithms). The 
mean dislocation in each animal (Da) was used, for calculating the re- 
gression line, and is indicated by  a point. The numerical values for Da 
are given in Table V I l l  in the Appendix. a = 0.473, b = 0.24, r = 0.97. 
The mean and range for the dislocation ( D h )  in series I I  of the in vivo 
experiments are presented on the right-hand side of the diagram. 

d 

Oi3 1 

L 

0.3 0.6 1.0 2.0 3.0 4.0 N 

Figure 7. The relation between load (L I and dislocation in the in 
v i t ro  experiments. Logarithmic scale (nat"ual logarithms). The mean 
dislocation in each animal (Da) was used for calculating the regression 
line, and is indicated b y  a point. The numerical values for Da are 
given in Table V111 in the Appendix. a = 0.372. b = 0.22, r = 0.97. 
The mean and range for the dislocation ( D h )  in series I I  of the in vivo 
experiments are presented on the right-hand side of the diagram. 
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Figure 8. A hip joint after loading with 0.25 x W (0.  3 N ) .  Ther 
slight dislocation. Oh = 0. 774 d .  The posterior acetobular margin 
slightly deformed (cf.  Fig. 4). 

-e is 
is 

Figure 9. A hip joint after loading with 7.0 x W ( 7 .  5 N ) .  There 
considerable dislocation. Dh = 0.437 d .  The ligament of the head 
the femur is tense but  intact. The femoral head is slightly defori 
( + I ,  while the posterior acetabular margin is  greatly deformed. 

b is 
of 

ned 
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Figure 70. 
pronounced dislocation. Dh = 0. 730 d .  The femoral head and posterior 
acetabular margin are greatly deformed. Note the crease formation 
(+) and the deformation towards the acetabular margin. 

A hip joirtt after loading with 2. 5 x W ( 3 . 9  N ] .  There is 

Figure 7 1. 
moral head shows considerable deformation and distally the cartilage 
has been forced outside the supporting metaphysis ( + I .  

Detail of a hip joint loaded with 2. 5 x W (3. 9 N I .  The fe- 
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Discuss ion 

The apparatus and method have been described in detail by Hjelmstedt, 

Asplund and Rauschning (1982) and wi th  minor modifications they have 

been found to be well applicable in experiments on ou r  small rabbi t  

specimens. With th is  method the ent i re  intact hip jo int  is  subjected to 

a mechanical load causing deformation o f  the carti lage and extension of 

the joint capsule and the ligaments. These investigations seem to  be 

the f i r s t  o f  th is type on intact neonatal joints. Methods wi th  a similar 

pr inciple have been used, however, by Takei ( 1  9791 and Takei and 

Terayama (1981) in studies o f  carti lage deformation in knee jo int  spe- 

cimens from adul t  humans and pigs. 

in order to study the relation between force and dislocation, the load 

was varied. W i t h  ou r  technique both hips were loaded equivalently so 

as to  prevent asymmetrical deformation o f  the pelvis and thereby large 

differences in abduction between the hips. The force acts in the direc- 

t ion o f  the femoral shaft and therefore dislocation occurs more readily 

in an adducted than in an abducted hip. If the abduction varies greatly, 

the results in d i f ferent  hips wi l l  not  be comparable. Neither can the 

same specimen be subjected to repeated experiments. For these reasons 

comparisons o f  dislocation at  d i f ferent  loads must be made between dif- 

ferent individuals. We t r i ed  to use as similar young rabbi ts as possible, 

but the body weight nevertheless varied between 120 g and 215 g. The 

hips from a rabbi t  o f  low body weight are smaller and when they are 

subjected to a defined load the dislocation and deformation can be ex- 

pected to be greater than in a heavier rabbi t .  Smith (1954) and Moss 
and Ferguson (1980) found a correlation between body weight and liga- 

mental strength in animal experiments. In the planning o f  the present 

experiments the load was therefore related to the weight W o f  the ani- 

mals. Th is  relative load Lr i s  expressed as parts o r  multiples o f  W. 
The dislocation was found to be approximately proportional to the loga- 

r i thm o f  both the  relative load Lr and the load Ln in newtons. The cor- 

relation coefficients were also equal, 0.97. The explanation may be that 

the scatter o f  t he  weight (W) was too low to have an effect on the re- 

sults. Thus the weight of 11 o f  the 14 animals was 1.3 to 1.8 N. 

As early as in 1847 Wertheim studied the relation between load and 

elongation in tension tests on d i f ferent  body tissues, including tendons. 

Our experiments demonstrated an approximately logarithmic relationship 

between load and dislocation. Similar results have been obtained by se- 
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veral authors in experiments on di f ferent types o f  collagenous tissue 

(e.g. Morgan 1960 & Hirsch 1974).  In these investigations the same 

specimen was subjected to a progressively increasing load and/or  re- 

peated tests. In our  experiments th is was not  possible. Instead, com- 

parisons were made between specimens that were subjected to constant 

loads. It should be pointed out  that o u r  investigations also d i f f e r  from 

earlier ones in that our  specimens were from newborns and not from 

adults. 

The relation between time and dislocation at constant loading could not 

be measured direct ly in ou r  experiments, but the dislocation seemed to 

occur ve ry  qu ick ly  a t  f i rst ,  and then gradually decline (see in v i t ro  

methods). Armstrong, Bahrani and Gardner ( 1  979) studied carti lage de- 

formation at  constant loading o f  intact  hip joint specimens from adults. 

They found that the deformation o f  the cartilage, a f ter  the in i t ia l  on- 

set, increased slowly and approached a steady state value exponentially. 

There was st i l l  a slow creep af ter  30 minutes . Corresponding f indings 

were made by Kempson, Freeman and Swanson (1971)  in indentation 

tests on femoral head specimens from adults. The deformation of  the 

art icular cartilage did not cease until a f ter  2 - 3 hours. In previous 

tension tests w i t h  constant force on the ligament o f  the femoral head 

from newborns, we found pronounced in i t ia l  elongation followed by a 

slow creep phase which lasted several hours (Hjelmstedt, Olofsson & 

Asplund 1981 ) . 

It must be emphasized that our  experiments were performed on neona- 

tal joints. In newborns the relative amount o f  cartilage is substantially 

greater than in older individuals, which natural ly has an impact on the 

occurrence o f  deformation. There are other important differences, how- 

ever. Both carti lage and connective tissue in the newborn have a dif- 

ferent chemical composition and other biomechanical properties than 

those in older individuals. Thus, in studies o f  cross-linking in collagen 

from cattle o f  d i f ferent  ages, VerzAr (1962)  found that the degree of 
cross-linking between the collagen molecules from calves 1 - 3.5 months 

old was ve ry  low and increased rapidly w i t h  increasing age. Ell iott and 

Gardner ( 1  979) determined the content. o f  glycosaminoglycans [GAG) in 

human art icular cafti lage from newborn, growing and fully grown indi- 

viduals. They found that a t  birth GAG constituted about 50 pe r  cent 

o f  the dry weight o f  the carti lage and that they decreased during the 

period o f  growth, const i tut ing approximately 15 per  cent o f  the dry 
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weight o f  the carti lage in adulthood. In newborns GAG consisted almost 

ent i re ly o f  chondroitin sulphate, but during growth th is was pa r t l y  re- 

placed by keratan sulphate. Lust, Pronsky and Sherman (1972) carr ied 

out  biochemical studies o f  carti lage and connective tissue from hip joints 

o f  growing dogs, and observed that the contents o f  hexosamines and 

DNA in the femoral head and acetabulum decreased w i t h  increasing age. 

The content o f  hydroxyproline, a measure o f  the collagen content, al- 

most doubled during the f i r s t  year o f  life. The water content o f  the 

carti lage decreased by about 10 per  cent during the same period. About 

30 per  cent o f  the collagen fraction from the jo int  capsule and ligaments 

at  birth was water-soluble collagen, while the corresponding proportions 

in the acetabular carti lage and the carti lage o f  the femoral head were 

20 and 11 per  cent respectively. A t  the age o f  one year the water- 

soluble collagen had been almost completely replaced by insoluble colla- 

gen. 

There are very few reports in the l i terature on comparisons o f  the bio- 

mechanical properties o f  carti lage and other collagenous tissue between 

growing and adul t  individuals. Gocke (1928) ,  however, observed in in- 

dentation tests o n  costal carti lage that the deformation was considerably 

greater in specimens from a six-month-old chi ld than in those from a 

40-year-old. Rollhauser (1950)  and Blanton and Biggs (1970)  found a 

lower tensile strength in tendons from neonates than in adult tendons. 

In tension tests on bovine art icular cartilage, Roth and Mow (1980)  

found differences in biomechanical properties between specimens from 

growing animals and those from fully grown ones. These f indings de- 

monstrate that  the resul ts o f  biornechanical investigations in growing 

individuals are not representative o f  those in adults, and vice versa. 

I s  is tempting to  compare the f indings in ou r  animal experiments w i t h  

previous observations on human specimens in v i t ro  (Hjelmstedt, Asplund 

& Rauschning 1982).  In this connection the difference in the mineraliza- 

t ion o f  the femoral head and acetabulum must be kept in mind (Fig. 12) .  

The rabbi ts in ou r  study had a well developed ossification centre in the 

femoral head, while th is  is lacking in human specimens from neonates. 

The mineralization o f  the acetabulum also seems to  be more extensive 

than in man. These circumstances explain why, f o r  instance, the defor- 

mation o f  the posterior acetabular margin is less pronounced in the rab- 

bit hips than in the human ones. Another discrepancy between the two 

species is the anatomy o f  the pelvis. Also o f  importance i s  the d i f fer -  
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ence in post-mortem storage condi t ions between the  two experimental 

series. T h e  human specimens were f i r s t  s to red  a t  +4O C f o r  some days  

and then a t  - 2 0  C f o r  a few weeks. T h e  animal specimens, on  the  o the r  

hand, were examined w i th in  one hour  post-mortem. There  was a d i s t i nc t  

s imi lar i ty,  however, in the  t y p e  o f  dislocation and deformation between 

the  rabb i t  and human hips,  a l though the  deformation seemed to  b e  o f  a 

lesser degree in the  rabb i t  specimens. 

0 

Figure 12. A h ip  joint from o human specimen, wi th dislocation after 
three hours under load. There is no ossification centre in  the femoral 
head. There is also a difference in  acetabular mineralization as compa- 
red  with rabbi t  specimens. 

Conclusions 

1 

2 

3 

4 

2 2  

T h e  in v i t r o  method o f  i nduc ing  hip deformation and dislocation 

in man is  also applicable in cor respond ing  invest igat ions in young  

rabb i t s  . 

Deformation and dislocation can be  induced in a sho r t  time w i th  

v a r y i n g  loads and  w i thout  macroscopic damage t o  the  jo in t  capsule 

o r  ligaments. 

The  deformation o f  t he  femoral head and acetabulum increases w i t h  

increasing load. 

T h e  magnitude o f  t he  dislocation i s  approximately proport ional  to  

the  logar i thm o f  t he  appl ied load. 



I N  VlVO EXPERIMENTS 

The aim 

ducing hip dislocation and deformation in a short  period o f  time. 

o f  th is investigation was to develop an in v ivo method o f  in- 

As stated in the description o f  the method, the in v ivo experiments 

were carr ied out in two series. The f i r s t  series (series I) was a pi lot  

study, in which the d i f ferent  experimental conditions were varied. In 

the second series (series I I )  a standardized method was used. 

Series I - Experimental set-up 

In the pi lot  study it was investigated whether dislocation could be in- 

duced by immobilization o f  the knee jo int  in extension, and if so, in 

what position the hip should be f ixed in order  to obtain the highest 

frequency o f  dislocation. The experiments were performed on 10 rabbits. 

There were s ix bilateral and four  unilateral experiments - i.e. 16 extre- 

mities were immobilized. Twelve immobilized extremities were fixed in 

flexion and two o f  them were f ixed both in flexion and in inward rota- 

tion. The experimental per iod varied from one minute to  24 hours 

(Table 1 ) .  

Results 

Dislocation occurred in nine o f  16 hips and in these the Dh value va- 

r ied between 0.136 d and 0.390 d (mean 0.217 d ) .  The mean flexion in 

the dislocated hips was 103' and in the non-dislocated ones 99'. The 

corresponding values fo r  abduction were 4 and 10' and for  outward 

rotation 14' and 31' respectively (see also Table I). The degrees of 
abduction and rotation seemed to be o f  importance for  the occurrence 

o f  dislocation, as seen in Tables IV  and V. Dislocation was most easily 

induced if the outward rotation was 20' o r  less and the abduction less 

than 10'. Variations in the degree o f  f lexion w i t h i n  the range 65 - 140' 

had less impact on the occurrence o f  dislocation. The experimental pe- 

riod, three hours, i.e. the same as in the in v i t r o  experiments, was 

found to be suff ic ient ly long to induce dislocation. 

0 
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Table IV .  Relation between abduct ion and dislocation in in v i v o  
series I 

Abduct ion  
~ ~ ~ 

No. o f  h ips  - 
Dislocation No dislocation Total  

< 10 

> 1 0  - 
7 

2 

2 

5 

9 

7 

Total  9 7 16 

Table V. Relation between ou tward  ro ta t ion  and dislocation in in 
v i v o  series I 

Outward  ro ta t ion  No. o f  h i p s *  

Dislocation No dislocation Total  

< 20 7 3 10 

> 20 1 4 5 

Total  8 7 15 * 

- 

~~ ~ 

* Informat ion on ro ta t ion  i s  missing f o r  one hip w i t h  dislocation. 

Series II - Experimental set-up 

On the  basis o f  t he  resu l ts  in series I, a series o f  experiments was pe r -  

formed under  standardized condit ions. Twen ty  extremit ies f rom 10 rab- 

b i t s  were immobilized w i t h  the  knees extended. T h e  legs were f i xed  

against one another in a posi t ion o f  i nward  rotat ion, adduct ion and 

f lexion (Fig.  2 ) .  T h e  experimental per iod  was th ree  hours  (Tab le  I ) .  

Results 

Dislocation occur red  in 18 of 20 h ips  and the  D h  f o r  these 18 var ied  

between 0.137 d and 0.431 d (mean 0.292 d ) .  T h e  mean.f lexion in the  

dislocated h ips  was 96O, abduct ion -5' and ou tward  ro ta t ion  -lo. In one 
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o f  the two non-dislocated h ips the flexion was 90°, abduction 12' and 

outward rotation -5O, and in the other one the corresponding values 

were 100, 0 and 5' respectively (see also Table I ) .  

In the dislocated h ips deformation o f  the carti lage of the femoral head 

and acetabulum was observed. The pa r t  o f  the femoral head that lay 

against the acetabular margin had become flattened, and when this 

flattening was pronounced, a crease was seen lateral t o  the flattened 

area. The dorsal acetabular margin was .also deformed (Figs 13 a and 

14 a) .  The space that appeared between the femoral head and the ven- 

t ra l  p a r t  o f  the acetabulum was f i l led wi th  synovial fluid. Whether th is 

meant an increased amount o f  fluid was d i f f icu l t  t o  judge, but in at 

least two joints th is was considered to  be the case. In n o  instance was 

macroscopic damage to the ligament o f  the femoral head o r  to the joint 

capsule observed. In one hip joint, however, the synovial fluid was 

sanguinolent. 

Discussion 

Experimental induction o f  dysplasia and dislocation o f  the hip has pre- 

viously been reported by several authors. 

Dislocation has been produced by surgical o r  external trauma. Smith, 

l re ton and Coleman (1958)  and Smith, Coleman, Ol ix and Slager (1963) 

excised the joint capsule, the ligament o f  the femoral head and/or  the 

posterio-superior port ion o f  the acetabular cartilage in puppies and ob- 

served dysplasia or dislocation in a high percentage af ter  one to six 

months. lntraoperative stretching o f  the jo int  capusle and ligaments to 

breaking point  resulted in the same changes. Excision o f  the posterior 

acetabular margin in rabbi ts led to  posterior dislocation and secondary 

morphological alterations as in CDH (Negri, Tr icar ico E lor io 1977).  

Riser (1975) performed tenotomy on the short  outward rotators o f  the 

hip in puppies, and this caused dysplasia and subluxation. Traumatic 

dislocation o f  the hip w i t h  rup tu re  o f  the capsule and ligaments in new- 

bo rn  rabbi ts has been found to resul t  a f ter  two to  three weeks in a 

morphological p ic ture as seen in CDH (Langenskiold, Sarpio & Michelsson 

1962).  

Ano'ther experimental model that has been used is immobilization o f  the 

hind leg in d i f ferent  positions. Sijbrandij (1965) immobilized one o f  the 
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Figure 13. a )  In  vivo specimen with moderate dislocation of the femo- 
ral head. Dh = 0. 182 d .  There is a slight flattening of the femoral 
head and backward curving of the acetabular margin. Compare with 
the normal hip in Figure 4. 
of 0 .5 x W ( 0 . 6 5  N ) .  The dislocation is somewhat more pronounced 
(Dh = 0.231 d ) ,  but  otherwise the deformation is similar to that in 
Figure 13 a. 

b )  In  vitro specimen subjected to a load 
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Figure 14. a }  In vivo specimen with pronounced dislocation o 
moral head, Dh = 0.420 d .  The deformation of the femoral hea 
marked than in Figure 73 a and a distinct crease is seen ( + I s  
vitro specimen with corresponding deformation and dislocation. 
0.478 d .  A load of 7.0 x W ( 7 . 5  N )  had been applied to the h 

f the fe 
d is  mor 

b )  In 
Dh = 

tip. 
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hind legs of three-week-old ra t s  w i t h  t h e  ankle, knee and  hip in exten- 

sion, and  observed dislocation a f te r  10 weeks. T h e  au tho r  considered 

the  dislocation t o  have been caused by the  hip extension. Sal ter  (1966)  

induced hip dysplasia in newborn  p igs  by immobil izing the  hip in exten- 

sion. T h e  changes were revers ib le  if the  immobilization was discont inued. 

Immobilization in f lex ion  resu l ted  in n o  changes in the  hip joint .  Wilkin- 

son (1963) immobilized one of t h e  hind legs o f  s i x  t o  e igh t  week o ld  

rabb i t s  w i t h  t h e  knee extended and  the  hip f lexed and  e i ther  i nward l y  

o r  ou tward ly  rotated. T h e  experimental pe r iod  was s i x  weeks and during 

th i s  time some animals received in ject ions o f  oestrone and  progesterone. 

Among the  animals whose leg  had been f i xed  in ou tward  rotat ion,  d is-  

location on ly  occu r red  in female hormone-treated ones. Wilkinson a t t r i -  

b u t e d  the  dislocation mainly t o  t h e  posi t ion o f  t h e  immobilized leg and  

the  l ax i t y  o f  t h e  jo in t  resu l t i ng  f rom the  hormone treatment. However, 

dislocation also occur red  in a few animals wh ich  had  been immobilized 

w i t h  t he  legs i nward l y  ro ta ted  and  wh ich  had received n o  hormones. 

Michelsson and  Langenskiold ( 1  972) immobilized the  knee in extension 

in rabb i t s  7 - 60 days  old. T h e  hip jo in t  was f ree ly  movable, but was 

he ld  spontaneously in f lexion. In almost a l l  o f  t h e  youngest rabb i t s  dis-  

location occur red  w i th in  one to  f o u r  weeks. When the  hamst r ing  muscles 

were d i v ided  be fore  t h e  immobilization, n o  dislocation was observed. Nor-  

mally rabb i t s  ho ld  the  knee jo in t  in pronounced f lexion and  if the  knee 

is  extended, increased tension develops in the  hamstrings. T h e  authors 

there fore  concluded t h a t  t he  increased tension o f  t he  hamstr ings produ- 

ced a slow s t re t ch ing  o f  t he  jo in t  capsule and  l igaments in the  hip, lead- 

ing t o  dislocation. 

In a l l  t he  above-mentioned studies the  ef fects o f  immobilization were 

examined a f te r  a re la t i ve ly  long per iod  - one week t o  several months. 

T h e  observed anatomical changes of t h e  femoral head, acetabulum, jo in t  

capsule and ligaments have t o  a la rge  ex ten t  been secondary, w i t h  dis-  

t i nc t  s igns o f  biological remodell ing. Short- term studies have t h e i r  value 

in elucidat ing the  in i t ia l  phase o f  t he  development o f  hip dislocation. No 

such invest igat ions appear t o  have been ca r r i ed  ou t  p rev ious ly  and  we 

have there fore  n o  o the r  resu l ts  w i t h  wh ich  t o  compare o u r  f indings. 

B y  us ing  ketamine anaesthesia and  killing the  animal by instantaneous 

deep freezing, t he  muscle tone was maintained th roughou t  the  exper i -  

ment. Rabb i ts  as young  as was feasible were used, since the  hip joints 

a re  q u i c k l y  mineral ized and  the  poss ib i l i t y  o f  car t i lage  -deformation there- 

fore decreases w i th  time. Michelsson and  Langenskiold (1972) also no ted  
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t h e  h ighes t  f requency  o f  dislocation in one t o  th ree  week o l d  rabb i ts .  

B y  fixing the  immobilized extremit ies to one another in inward  ro ta t ion  

and f lex ion  u n d e r  the  abdomen, abduc t ion  and extreme outward  ro ta t ion  

o f  t he  h ips  were prevented  - in series I these la t te r  posi t ions gave a 

lower f requency  o f  dislocation (Tables I V  and  V) .  T h e  method seemed 

gentle, t h e  animals showed n o  signs of pa in  and n o  macroscopic in ju r ies  

t o  the  jo in t  components were observed. In one joint,  however, t he  syno- 

v ia l  fluid was blood-stained. In two jo in ts  the  amount o f  synovial  fluid 

was considered t o  b e  increased, wh ich  migh t  have been a s ign  of syno- 

v ia l  i r r i t a t i on .  A n  increased volume of synovial  fluid can in i t se l f  con- 

t r i b u t e  t o  g rea ter  ins tab i l i t y .  Lust, Beilman, Dueland and Far re l  ( 1  980) 

and  Lust,  Beilman and  Rendano (1980) found tha t  t h i s  volume was la rger  

in dogs w i t h  sub luxa ted  h ips  than in those w i t h  normal h ips .  When the  

synovial  fluid was asp i ra ted  from a sub luxa ted  hip joint,  the  ins tab i l i t y  

diminished, When, o n  the  o the r  hand, fluid was in jected i n to  intact, 

normal hip joints, sub luxa t ion  ensued. 

Conclusions 

1 H i p  dislocation and  deformation can b e  induced in v i v o  in th ree  

hours  by immobilization alone. 

2 T h e  dislocation occurs  w i thout  macroscopic damage to  t h e  ligaments 

o r  jo in t  capsule. 

3 T h e  method used in series I 1  g ives  dislocation and  deformation in 

a high f requency  and  i s  well su i ted  f o r  short- term experiments. 
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COMPARISON BETWEEN THE FINDINGS I N  THE IN  V l V O  AND I N  V lTRO 

INVESTIGATIONS 

T h e  aim o f  t h i s  comparison was 

to  see whether the  same t y p e  and degree o f  dislocation cou ld  b e  in- 

duced w i t h  the  in v i t r o  method as w i t h  the  in v i v o  one, and  if so, 

to  determine approximately the  magnitude o f  the  force tha t  causes the  

dislocation in v ivo .  

B y  comparing the  resu l ts  f rom the  in v i v o  series I I  and  the  in v i t r o  

series, these factors could b e  analysed. T h e  material and methods have 

been presented separately. 

Result 

Twelve o f  t h e  28 h ips  in v i t r o  showed a dislocation cor respond ing  t o  

tha t  in the  in v i v o  cases, whereas in the  o the r  16 it was o f  a g rea ter  

degree. In h ips  w i t h  approximately the  same dislocation, the  t y p e  c f  

deformation was also found t o  b e  similar in the  two series, as seen in 

F igures  13 and  14. As demonstrated previously,  in the  in v i t r o  series 

the re  was a n  approximately logarithmic relat ionship between load and  

dislocation. In the  in v i v o  series the  dislocation was known, but no t  

t he  force. However, the  force ac t ing  in v i v o  cou ld  b e  determined ap- 

proximately by the  use o f  data f rom t h e  in v i t r o  series (see Figs 6 

and 7 ) .  Accord ing  to  these calculat ions the  dis locat ing forces in the  

in v i v o  series var ied  between 0.25 x W and  0.85 x W, cor respond ing  

to  0.35 t o  1.3 N. 

Discuss ion 

T h i s  comparison showed tha t  w i t h  the  in v i t r o  method changes cou ld  

be  induced cor respond ing  t o  those found  in the  in v i vo  series 11. T h e  

in v i v o  method is  more physiological,  since the  hip dislocation i s  p ro -  

duced in living animals subjected solely t o  immobilization o f  t h e  hind 

legs. A drawback o f  t he  method is  t ha t  t h e  d is loca t ing . fo rce  cannot 

be  regulated - tha t  is, raised above a cer ta in  level - o r  measured by 
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d i rec t  methods. Furthermore, t h e  method can on ly  be  used in animal 

experiments. T h e  in v i t r o  method used on  f resh  specimens was found 

to  g i ve  similar resul ts and here  the  force can be  regulated as desired, 

bo th  w i th  respect t o  magnitude and to  or ientat ion.  T h e  examiner can 

thus  cont ro l  t h e  experimental condit ions. A n  important advantage is 
tha t  t h e  method can b e  used on human specimens. However, such in- 

vestigations cannot b e  performed on f resh  specimens, but on ly  on those 

tha t  have been stored in one way o r  another f o r  one to  several days. 

Th is  raises the  quest ion whether the  storage might a l te r  t he  mechanical 

propert ies o f  t h e  specimen, a problem which led t o  a special s tudy  o f  

these condit ions. 

The  cart i lage deformation and the  extension of the  ligaments and jo int  

capsule tha t  a re  observed in short- term experiments may conceivably 

ref lect  the  in i t ia l  stage in the  development o f  CDH. The  changes, a t  

least in t h e  in vivo experiments, a re  p robab ly  revers ib le  if t h e  dislo- 

ca t ing  force is removed. 

In in v i v o  experiments, when the  immoblization had been discontinued 

a f te r  one to  th ree  weeks, Michelsson and Langenskiold (1972) noted 

normalization o f  t he  hip joints in about 10 p e r  cent o f  t h e  animals. It 

should b e  pointed out, however, t ha t  t h i s  was a question o f  regression 

o f  pronounced skeletal changes and tha t  t he  normalization took place 

during the  course o f  several weeks. Salter (1966) immobilized the hind 

legs o f  p igs  and observed dysplasia o f  t he  acetabulum a f te r  s ix  weeks. 

The dysplasia was revers ib le  if the  immobilization was discontinued. 

Concerning hip ins tab i l i t y  in newborn infants, Barlow ( 1  962) found that 

ove r  60 pe r  cent recovered in the  f i r s t  week o f  l i f e  and 88 per  cent in 

the  f i r s t  two months. MacKenzie and Wilson (1981) repor ted  spontaneous 

normalization of 47 p e r  cent o f  in fan ts  w i t h  hip ins tab i l i t y  w i th in  fou r  

weeks. Cl in ical ly we know tha t  t he re  i s  l ax i t y  o f  the  jo in t  a t  birth, but 

anatomically we d o  no t  know if the re  is any  dysplasia. 

In in v i t r o  indentat ion tests on  a r t i cu la r  cart i lage from adu l t  individuals, 

under  optimal experimental conditions, t he  cart i lage completely recovered 

a f te r  removal o f  t he  load (Elmore, Sokoloff, Nor r is  & Carmeci 1963, 

Kempson, Freeman & Swanson 1971).  Takei  (1979) loaded human knee 

specimens from adul ts.  The  specimens were frozen under  load, and de- 

formation o f  t h e  ar t i cu la r  cart i lage was observed. When the  specimens 

were thawed, t h e  cart i lage regained i t s  or ig inal  shape. In tension tests 

on  the  medial col lateral ligament from adu l t  dogs, Woo, Gomez and Ake- 
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son ( 1  981 ) found complete regression o f  t h e  deformation a f t e r  removal 

of the  load. 

There  seems to  be a di f ference in the  restorat ion o f  the  tissues, how- 

ever, between immature and adu l t  indiv iduals.  In indentat ion tests on 

costal cart i lage, Gocke ( 1928) observed considerably g rea ter  residual  

deformation in specimens from a six-month-old ch i l d  than in those from 

a 40-year-old. Rollhauser (1950)  found in tension tests on  tendons tha t  

the  residual deformation a f te r  unloading was grea ter  in tendons from 

newborns than in those from adults. We also found in o u r  tension tests 

on the  ligament o f  t he  femoral head tha t  t h e  recovery was no t  complete 

(Hjelmstedt, Olofsson E Asp lund 1981).  As mentioned prev ious ly  (Verzar  

1962), t he  degree o f  cross- l inking in collagen from newborn  calves i s  

v e r y  low and increases rap id ly  w i th  age. According to  F e r r y  (19611, 

t he  creep recovery is no t  complete fo r  uncross- l inked polymers. T h i s  

should indicate tha t  full restorat ion does no t  take place a f te r  extension 

o f  immature collagen tissue. T h e  pu re l y  mechanical propert ies o f  t he  

tissues a re  no t  t he  only factors of importance fo r  normalization, however. 

Biological adaptation wi l l  almost cer ta in ly  take place when the  forces 

around a jo int  a re  altered. 

Conclusions 

1 With t h e  in v i t r o  method hip deformation and dislocation o f  t h e  same 

t y p e  and degree as w i th  the  in v i vo  method can be  induced in f resh  

specimens. 

2 T h e  dis locat ing forces in v i v o  can b e  estimated approximately a t  

0.25 x W t o  0.85 x W, corresponding to  0 .35  t o  1 . 3  N. 
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EXPERIMENTAL STUDIES OF THE EFFECT OF POST-MORTEM STORAGE 

For  obvious reasons biomechanical studies o n  human specimens cannot 

b e  performed immediately post-mortem. Usual ly the  specimens a re  no t  

avai lable until a f t e r  a few days  and  as a r u l e  they  have then been 

s to red  a t  +I0 C. If the  exper iment cannot b e  done s t ra igh t  away, it is 

usual  t o  s to re  t h e  specimen a t  -20' C until requ i red .  

T h e  aim o f  t h i s  in v i t r o  s t u d y  in rabb i t s  was t o  examine the  inf luence 

o f  post-mortem storage o n  t h e  degree and  t y p e  o f  deformation and the  

magnitude o f  dislocation induced. 

Experimental set-up 

T h i r t y  rabb i t s  were d i v ided  i n t o  10 tes t  g roups .  Each g r o u p  comprised 

th ree  animals f rom the  same l i t t e r  and  o f  approximately t h e  same body  

weight. T h e  th ree  animals were k i l l ed  simultaneously and  the  h ips  f rom 

one o f  them were subjected t o  a load w i th in  one hour,  as descr ibed in 

the  section o n  in v i t r o  methods. T h e  o the r  two animals were s to red  a t  

+4" C for f i v e  to s i x  days .  Load tes t  was t h e n  performed o n  one o f  

these animals and  the  o the r  one was placed in a freeze box  a t  -20' C .  
A f t e r  a f u r t h e r  21 - 30 days  the  f rozen animal was slowly thawed a t  

+4O C. When the  animal had assumed room temperature, a load was app- 

l ied t o  the  hip joints. A s  in t h e  in v i t r o  series, t he  load was related 

t o  the  animal's weight W. T h i s  re la t i ve  load Lr was o f  t he  same magni- 

t ude  in each tes t  g roup .  T h e  material was d i v ided  in to  f i ve  load cate- 

gories, namely 0.75 x W, 1 . O  x W, 1.5 x W, 2.0 x W and  2.5 x W, 

w i th  two test  g roups  in each category (Tab le  V I ) .  Expressed in new- 

tons, t h e  load (L,) was 1 . 2  - 5.0 N.  T h e  experimental per iod  was 

th ree  hours .  In a l l  exper iments the  hip jo in t  was in 90' f lexion, 0 -  3' 

abduct ion  and  0 - 5' outward  ro ta t ion  a t  loading. 

In th i s  way a l l  60 hip jo in ts  were loaded, w i t h  2 0  h ips  in each o f  t he  

th ree  storage classes: 1 ) f r e s h  specimens, 2) re f r i ge ra ted  specimens 

and 3) f rozen specimens. A l l  specimens were cryosect ioned and  the  dis-  

location was measured as prev ious ly  descr ibed. 
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Table VI .  D is t r ibu t ion  o f  t he  specimens in to  load categories and 
storage classes in the  storage series 

- 
Storage class Relat ive lozd 

0.75xW l.0xW 1.5xW 2.0xW 2.5xW 

Fresh specimens 2 2 2 2 2 

Refr igerated specimens 2 2 2 2 2 

Frozen specimens 2 2 2 2 2 

Results 

B y  the  div is ion i n to  test  g roups  compris ing th ree  comparable animals 

tha t  were subjected t o  the  same relat ive load and by al locating one ani- 

mal t o  each storage class, a d i rec t  comparison between the  dislocation 

in the  th ree  storage classes could b e  made. Table VI I  presents the  mean 

animal weight ( W ) ,  magnitude o f  t he  load in newtons (L,), and disloca- 

t ion  (Da) in the  th ree  storage classes. The  dislocation increased w i th  

the  magnitude o f  t he  relat ive load in al l  classes. In F igu re  1 5  t h i s  is 

i l l us t ra ted  graphical ly as a func t ion  o f  t h e  logarithm o f  t he  relat ive 

load (L,). The  mean Da fo r  each animal i s  g i ven  in t h e  f i gu re  and  the  

regression lines were calculated from these values. The  scatter of t he  

resul ts f rom the  f resh  specimens was relat ively low, while the  re f r ige-  

ra ted  and frozen specimens showed grea ter  scatter.  A t  analysis o f  var i -  

ance a stat ist ical ly s igni f icant di f ference ( p  < 0.01) in dislocation was 

found between the  storage classes. 

Table V I I .  Mean weight, load and dislocation in the  th ree  storage 
classes 

Storage class Weight Load Dislocation Da 
“1 (N 1 (d) 

mean mean mean 

Fresh specimens (n=10) 1.74 2 . 8  0.551 
Refr igerated (n=10) 1.74 2 . 8  0 . 6 2 3  
specimens 

Frozen specimens (n=lO) 1.75 2 . 8  0.734 

n = number o f  animals 
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0.2 

0.1 

0.75 1.0 1.5 28 25x'w 

Figure 15. The relation between relative load and dislocation in the 
storage study. Logarithmic scale (natural logarithms). The dislocation 
is given as Da, for which the numerical values are presented in 
Table X I  in the Appendix. 

Do Regression 
line 

a=O.485 b=O. 79 r=O.89 S =O. 049 Fresh sp. 

Refrigerated sp. o ---- a=O. 563 b=O. 17 r=O.69 S =0.088 

A ---.---. a=O.664 b=O.21 r=O. 73 S =0.095 Frozen sp. 

Y X  

Y X  

Y X  

Note the difference in scatter between the storage classes. 
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T h e  deformation o f  the  femoral head and  acetabulum increased w i t h  in- 

creasing load in a l l  storage classes. T h e  d i f fe rence between t h e  f r e s h  

specimens and the  re f r igera ted  specimens was small, whi le the  f rozen 

specimens displayed the  greatest  deformation. O f ten  the  f rozen speci- 

mens had imbibed blood and the  j o in t  cav i t y  was f i l l ed  w i th  sanguino- 

lent  fluid. In the  specimens subjected t o  the  h ighes t  load, s t r ia t ion  o f  

the  femoral head car t i lage  was also seen (Fig.  16 c) .  Otherwise, in n o  

instance were macroscopic in ju r ies  t o  the  ligament o r  jo in t  capsule ob- 

served. Th ree  h ips  from the  same tes t  g r o u p  a re  i l l us t ra ted  in F igu r?  

16, where the  di f ferences in dislocation and deformation between the  

storage classes a re  c lear ly  evident.  

Figure 16. 
2.5 x W in a test group of three rabbits. a )  Cryosection of specimen 
loadeg' within one hour post-mortem. b )  Cryosection of specimen stored 
at +4 
stored at +4 C for six days and at -2ff C for a further 25 days prior 
to loading. 

The dislocation (Oh) was 0.649 d in a )  0. 731 d in b )  and 0.883 d in 
c ) .  The cartilage deformation was least pronounced in the fresh speci- 
men and most pronounced in the specimen that had been frozen. Note 
the striation in specimen c )  (+). 

Results of storage experiments with a relative load of 

C forosix days prior to loading. c )  Cryosection of specimen 
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Discussion 

Many invest igat ions o f  t h e  inf luence o f  t h e  method and du ra t i on  o f  post- 

mortem storage o n  the  biomechanical p roper t ies  o f  tendons, ligaments 

and a r t i cu la r  cart i lage have been reported, and  the  resu l ts  a re  contra- 

d i c to ry .  

Wertheim ( 1 8 4 7 )  found n o  d i f fe rence in elast ic i ty module between a dog 

tendon tested immediately post-mortem and  t h e  cor respond ing  contra- 

lateral  tendon tested f i v e  days later.  Annovazzi ( 1 9 2 8 )  found tha t  t h e  

phys ica l  p roper t ies  of knee jo in t  l igaments f rom dogs a l te red  rap id l y  

post-mortem. Storage o f  in tac t  knee jo ints f rom rabb i t s  a t  room tempera- 

t u r e  f o r  f ou r  days  did n o t  change the  tensi le s t r e n g t h  o f  t he  c ruc ia te  

ligaments (V i id ik ,  Sandqv is t  & Magi 1 9 6 5 ) .  On t h e  o ther  hand, changes 

in biomechanical p roper t ies  were found  in al l  free-dissected c ruc ia te  

ligaments tha t  were s to red  in phsyiological  saline a t  +20° C f o r  f i v e  

hou rs  o r  a t  +4O C f o r  24 hours,  o r  s to red  a t  -20' C, compared w i t h  

f resh  specimens (V i i d i k  5 Lewin 1966). Galante ( 1 9 6 7 )  s tud ied  speci- 

mens o f  annulus f ib rosus  and found  tha t  a f t e r  f i v e  hou rs '  storage in 

physiological sal ine a t  +20° C they  became more extensible a n d  the  resi-  

dual  deformation was s ign i f i can t ly  greater.  Rapid f reez ing  t o  -60' C 

did not, o n  the  o ther  hand, a l te r  the  tensi le p roper t ies .  Tkaczuk  ( 1 9 6 8 )  

also demonstrated tha t  rap id  f reez ing  o f  t h e  longi tudinal  lumbar l iga- 

ment did no t  af fect  t he  tensi le p roper t ies .  Noyes and Grood ( 1 9 7 6 )  s tu-  

d ied  the  mechanical character ist ics o f  the  an te r io r  cruciate ligament 

f rom monkeys. T h e  c ruc ia te  ligament f rom one side was tested w i th in  

one hour  post-mortem, whi le t h e  o the r  feg was s to red  a t  -15' f o r  f o u r  

weeks be fore  the  experiment. The re  was n o  stat ist ical ly s igni f icant dif- 

ference in mechanical p roper t ies  between the  f resh  and  frozen specimens. 

Moss and  Ferguson ( 1 9 8 0 )  f ound  n o  signi f icant d i f fe rence in tensi le 

s t r e n g t h  between bov ine  c ruc ia te  ligaments examined two days  post- 

mortem and those examined a f te r  5 - 18 days. In biomechanical studies 

on  c ruc ia te  ligaments f rom monkeys, Barad, Cabaud and Rodrigo ( 1 9 8 2 )  

compared the  e f fec t  o f  deep f reez ing  t o  -80° C w i t h  tha t  o f  storage a t  

+4O C f o r  24 hours.  T h e  right knee was compared w i th  t h e  lef t .  No 

stat ist ical ly s ign i f i can t  d i f fe rence was found, but the  re f r igera ted  spe- 

cimens tended t o  b e  s t ronger  and more rigid than  the  frozen ones. 

Storage o f  a r t i cu la r  cart i lage a t  -20' C fQr several weeks did not  a l te r  

i t s  fluid t ranspor t  p roper t ies  (Maroudas 1 9 6 8 ) .  Kernpson, Spivey, Swan- 

son and Freeman ( 1 9 7 1 )  performed indentat ion tests o n  femoral heads 
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from humans. They  noted n o  d i f fe rence in the  resu l ts  between tes t ing  

48 hours  post-mortem and tes t ing  a f te r  storage a t  -20' C f o r  t h ree  

weeks. In indentat ion tests on human tibia1 cart i lage, Hor i  and Mockros 

( 1  976) found a lower elast ic i ty module in specimens tha t  had been stored 

a t  -20' C fo r  up to  s ix  weeks, compared w i th  those stored in Ringer  

solut ion f o r  up t o  7 2  hours  a t  +4O C p r i o r  t o  the  experiment. 

We have prev ious ly  repor ted  on  the  inf luence o f  post-mortem storage in 

tension test  o n  the  ligament o f  t he  femoral head from newborn in fan ts  

(Hjelmstedt, Olofsson & Asp lund 1981) ,  but otherwise we have no t  found 

any repor ts  on storage studies on  immature tissue, n o r  on any  biomecha- 

nical studies performed on  whole jo in t  specimens from newborns, apar t  

from o u r  human experiments descr ibed elsewhere (Hjelmstedt, Asp lund 

& Rauschning 1 9 8 2 ) .  Moreover, the  resul ts o f  previous storage studies 

have been contradictory,  and we therefore considered it necessary to  

invest igate t h e  storage quest ion w i th  o u r  experimental model, so that, 

above all, t he  resul ts o f  experiments in man could be  be t te r  evaluated. 

As mentioned earl ier, comparisons had t o  b e  made between resu l ts  f rom 

di f ferent animals, as it is no t  possible w i th  o u r  technique to  load the  right 

and le f t  h ips  f rom the  same animal on  d i f f e ren t  occasions. B y  the  d i v i -  

sion i n to  test  g roups  compris ing th ree  animals from the  same l i t t e r  and 

o f  approximately the  same weight, and  w i th  one animal in each o f  the  

th ree  storage classes, we t r i e d  to  make the  resu l ts  from these storage 

classes as comparable as possible. 

Th i s  invest igat ion sheds no  light on  the  changes in mechanical propert ies 

tha t  may occur  during t h e  f i r s t  hou r  post-mortem, o r  on  al terat ions o f  

these proper t ies  during experiments a t  room temperature. Matthews and 

Ell is ( 1 9 6 8 )  found no  change in the  elast ic i ty module in tendons from 

cats a t  repeated tests in the  f i r s t  th ree  hours  post-mortem. Nei ther did 

Woo, Gomez and Akeson ( 1  981) observe any change in the  mechanical 

p roper t ies  of the  col lateral ligament f rom dog knees during the  f i r s t  s i x  

hours  post-mortem. As mentioned previously,  Vi id ik,  Sandqvist  and 

Magi ( 1 9 6 5 )  found no  al terat ion o f  t h e  tensi le s t reng th  o f  t he  an ter io r  

cruciate ligament on  storage o f  intact  knee jo ints a t  room temperature 

fo r  f ou r  days. These invest igat ions indicate tha t  there  was no  change 

o f  t he  mechanical p roper t ies  o f '  t he  hip joints during o u r  experiments. 

There  was a s igni f icant di f ference in dislocation between the  specimens 

stored in the  d i f f e ren t  ways. The  re f r igera ted  specimens showed 13 per  

cent g rea ter  dislocation, on  the  average, than t h e  f resh  ones, and the  
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t he  f rozen specimens were dislocated 18 p e r  cent more than  the  re f r i ge -  

ra ted  ones. T h e  greatest  dif ference, 33 p e r  cent, was found  between 

the  f rozen and f resh  specimens. T h e  scatter o f  t he  measurement data 

was also grea ter  for t h e  re f r i ge ra ted  a n d  freezer-stored specimens than  

fo r  the  f resh  ones. T h e  cor re la t ion  coeff ic ients f o r  t he  l a t te r  two stor-  

age classes were lower than f o r  t he  f resh  specimens. Thus, in in v i t r o  

experiments of t h i s  t y p e  f resh  specimens should b e  used. W i t h  speci- 

mens tha t  have been stored in a re f r i ge ra to r  a somewhat g rea ter  degree 

o f  deformation and  dislocation is  obtained. T h i s  has t o  b e  accepted, 

however, in in v i t r o  experiments o n  human specimens. On t h e  o the r  

hand, specimens tha t  have been f rozen should p re fe rab ly  n o t  b e  used. 

Conclusions 

1 T h e  mechanical p roper t ies  o f  t he  specimens a re  al tered a f t e r  long  

per iods o f  storage a t  +4 0 C and  a t  -20' C. 

2 T h e  experiments should, if possible, b e  performed on f resh  speci- 

mens. 

3 If t h i s  i s  n o t  possible, specimens tha t  have been stored in tac t  a t  

+4O C f o r  up t o  s i x  days  can b e  accepted. T h e  measurement data 

w i l l  t hen  show a grea ter  sca t te r  and  the  deformation and disloca- 

t ion  wi l l  be  somewhat increased. Fol lowing storage in the  frozen 

state these e r r o r s  w i l l  increase f u r t h e r  and  there fore  exper iments 

on  prev ious ly  f rozen specimens should b e  avoided. 
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GENERAL DISCUSSION 

Introduction 

The  cause o f  CDH i s  s t i l l  unclear. A number o f  aetiological and patho- 

genetic factors have been suggested in the  l i te ra tu re .  It i s  general ly 

considered nowadays tha t  CDH does not have one single cause but i s  

t h e  resu l t  o f  several in te rac t ing  factors o r  a sequence o f  events. 

Genetic, racial and ethnic factors al l  p lay  a cer ta in  role. Anatomical de- 

v iat ions such as an  increased anteversion angle of the  femoral neck, 

p r imary  acetabular dysplasia, o r  l ax i t y  o f  t he  jo in t  capsule and ligaments, 

e i ther  p r imary  o r  hormone-induced, have also been a t t r i bu ted  some sig- 

nif icance. Mechanical factors tha t  exe r t  t h e i r  act ion in utero, during 

de l ivery  o r  post-partum have been pointed ou t  as possible causes, espe- 

c ia l ly  in recent times. Dunn (1972, 1974, 1976 a) regarded CDH as a 

congenital deformity and came to  t h e  conclusions " tha t  qu i te  gent le fo r -  

ces, if pers is ten t ly  applied, a r e  capable of producing deformit ies; t ha t  

t he  foetus is pa r t i cu la r l y  vulnerable because o f  i t s  extremely rap id  ra te  

o f  g rowth  and because o f  i t s  re lat ive plast ic i ty;  t ha t  while prenatal  de- 

forming forces migh t  on  occasion be  o f  i n t r i ns i c  o r i g in  due to  muscle im- 

balance, most foetuses a re  exposed t o  ex t r ins ic  forces in the  later weeks 

o f  pregnancy because o f  t h e i r  increasing size and the  diminishing volume 

o f  amniotic fluid". 

Relevance o f  the  in v i t r o  experiments fo r  t h e  condi t ion in living indivi- 

duals 

In v i t r o  experiments cons t i tu te  a substant ia l  p a r t  o f  o u r  experimental 

biomechanical s tudy .  Important questions a re  the  relevance o f  these ex- 

periments fo r  hip deformi ty  and dislocation in living indiv iduals,  and 

the  advantage o f  t h e  in v i t r o  method ove r  in v i vo  studies. T h e  la t te r  

might seem to  correspond be t te r  t o  the  c l in ical  condit ions than the  in 

v i t r o  experiments. Good agreement was found, however, between the  in 

v i vo  and in v i t r o  resul ts in o u r  short- term experiments w i th  respect t o  

deformation and dislocation. T h u s  the  in v i t r o  resu l ts  f rom f resh  speci- 

mens can be  considered relevant f o r  the  in v i vo  condit ions. T h e  advan- 

tage o f  t h e  in v i t r o  method i s  t ha t  t he  magnitude and or ientat ion o f  t he  

dis locat ing force is known. T h e  method also permits considerably g rea ter  
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loading than is  possible w i t h  the  in v i v o  procedure.  Furthermore, it 

prov ides  a n  oppor tun i t y  f o r  biomechanical invest igat ions also in man, 

where such in v i v o  experiments obviously cannot b e  performed. 

I t  i s  seldom possible to c a r r y  ou t  studies on completely f resh  human 

specimens, and the re  i s  general ly a p reced ing  per iod  o f  storage a t  +4 

I t  may thus  b e  asked whether the  biomechanical p roper t ies  a l te r  during 

th i s  storage per iod.  In an at tempt t o  answer th i s  quest ion a special 

s tudy  was conducted o n  the  inf luence o f  storage o n  the  degree o f  d is-  

location and deformation. T h e  resu l ts  showed tha t  in specimens tha t  had 

been s to red  a t  +4O C f o r  f i v e  t o  s i x  days  the  dislocation was 13 p e r  cent  

g rea ter  than in f resh  specimens. T h i s  d i f fe rence is  undes i rab ly  great, but 

nevertheless may b e  considered acceptable. On the  o the r  hand, storage 

in the  frozen state can h a r d l y  b e  accepted, as in o u r  exper iments th i s  

resul ted in 33 p e r  cen t  g rea ter  dislocation than in completely f resh  

specimens. 

0 C.  

Relat ion between fo rce  and  dislocation 

In the  in v i t r o  exper iments an  approximately l inear relat ionship was found  

between the  logar i thm o f  t he  load and the  degree o f  dislocation. T h i s  im- 

pl ies tha t  a la rge  increase in load wi l l  g i v e  a re la t i ve ly  smaller increase 

in dislocation. T h e  ac t ing  fo rce  in v i v o  could no t  be  measured, but had 

t o  b e  estimated o n  the  basis o f  t he  observed dislocation. In do ing  this, 

it was hypothesized tha t  a de f ined force g ives  an  equivalent degree o f  

dislocation, whether it acts on  a hip in v i v o  o r  in v i t r o  (see Figs 6 and  

7 ) .  However, the  hip specimens in the  in v i t r o  series had a temperature 

o f  20' C during the  experiments, whi le the  h ips  in v i v o  were o f  body  

temperature. Th is  temperature d i f fe rence might  imp ly  a d i f fe rence in 

the  biomechanical p roper t ies  o f  t he  t issues. In indentat ion tests on  a r t i -  

cu la r  cart i lage, Elmore, Sokoloff, Normis and  Carmeci ( 1  963) found tha t  

temperature var iat ions between 13 and  50 C had n o  ef fect  on  the  re -  

sul ts.  No cor respond ing  invest igat ions seem to  have been performed o n  

ligaments. 

0 

The  dis locat ing forces ac t ing  in v i v o  were estimated a t  between 0.25 x W 

and 0.85  x W. These a re  moderate forces t o  wh ich  a ch i ld 's  h ips  v e r y  

well m igh t  b e  exposed in utero,  during de l i ve ry  o r  o n  immobilization of 

the  legs and h ips  tha t  has been o r  s t i l l  i s  t he  custom in cer ta in  e thn ic  

g roups .  Thus  hip ins tab i l i t y  and  deformat ion in newborns may conceiv- 

ab ly  b e  caused by mechanical factors alone. 
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The  importance o f  the  time fac to r  for  t he  deformation and  dislocation 

In prev ious  animal exper imentat ion (Wilkinson 1963, S i jb rand i j  1965, 

Salter 1966, Michelsson & Langenskiold 1972) i t has been found  tha t  hip 

dysplasia a n d / o r  dislocation can b e  induced by d i f f e ren t  t ypes  o f  immo- 

bi l izat ion o f  t he  knee a n d / o r  hip jo in t  in young  animals w i th in  a pe r iod  

o f  s i x  days t o  s i x  weeks. B o t h  o u r  in v i v o  and  in v i t r o  exper iments 

showed tha t  a considerable degree of deformation a n d  dislocation can 

occur in th ree  hours  a f te r  immobilization alone o r  a f t e r  appl icat ion o f  

a moderate load in seven to  12 day  o ld  rabb i ts .  Some s t re t ch ing  o f  the  

capsule and l igaments also seems t o  take  place, a l though th i s  cou ld  n o t  

be  measured here. In prev ious  in v i t r o  studies o n  human specimens 

(Hjelmstedt, Asp lund  & Rauschning 1982), however, l ax i t y  o f  t he  j o in t  

was observed a f te r  t h ree  hours  o f  provocation, a n d  exper iments on t h e  

ligament o f  t h e  femoral head (Hjelmstedt, Olofsson & Asp lund 1981) have 

demonstrated tha t  considerable elongation o f  the  l igament occurs  a f t e r  

moderate loading. A s  regards  the  time factor, t h i s  implies tha t  lax i ty ,  

deformation and dislocation cou ld  occur  during a re la t i ve ly  sho r t  per iod  

in the  breech posi t ion in u te ro  o r  during a breech de l i very .  Whether it 

could also occur during de l i ve ry  w i t h  a ve r tex  presentat ion cannot b e  

answered by o u r  r a b b i t  experiments, wh ich  were performed w i t h  t h e  

h ips  in pronounced f lexion. Si jbrandi j ,  however, induced dislocation and 

dysplasia in immobilization exper iments w i th  the  hip in extension f o r  

10 weeks. It i s  no t  known whether similar changes can occur  in a v e r y  

sho r t  time, but t h e  condi t ions should b e  analogous w i t h  those a t  immo- 

bi l izat ion in f lexion. Sal ter  also induced dysplasia in p igs  by immobiliz- 

ing the  hip and  knee in extension, but found n o  changes when the  hip 

was immobilized in f lexion. 

O u r  short- term experiments would there fore  seem t o  g i v e  a reasonable 

explanation f o r  t he  hip ins tab i l i t y  immediately post-partum. Deformation 

and dislocation tha t  occur  during a s h o r t  per iod  may b e  expected t o  

regress if t h e  biomechanical condi t ions a re  normalized. Spontaneous sta- 

bi l izat ion takes place in a sho r t  time in hip ins tab i l i t y  in humans. Accord- 

ing t o  Barlow (1962), ove r  60 p e r  cent  become stabi l ized during the  

f i r s t  week o f  l i f e  and  88 p e r  cen t  w i th in  two months. In a la rge  material 

o f  about 53 000 newborn  in fan ts  MacKenzie and  Wilson (1981) found spon- 

taneous normalization o f  1 341 o u t  o f  2 850 p r imar i l y  unstable h ips  w i th in  

fou r  weeks. T h u s  it would seem t o  b e  the  act ion o f  forces post-partum 

tha t  decides whether normalization occurs  o r  not.  
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I f  the  deformation and dislocation pers is t  f o r  a long period, according 

to  f ind ings  in animal experiments (Wilkinson 1963, Si jb rand i j  1965, 

Michelsson & Langenskiold 1972) and cl inical experience (Campos da Paz 

& Karam Kal i l  1976, Ogden & Moss 1978, Pcnseti 1978) a remodell ing o f  

the  hip joint, inc lud ing  the  jo in t  capsule, takes place. In animal exper i -  

ments, Michelsson and Langenskiold ( 1  972) observed a relat ively slow 

regression of t h e  dysplasia in 1 0  p e r  cent  o f  t h e  cases if t h e  exper i -  

ments were terminated w i th in  one to  th ree  weeks. Salter ( 1 9 6 6 )  found 

tha t  dysplasia was s t i l l  revers ib le  a f te r  s ix  weeks o f  immobilization. 

Time is an important factor in biomechanical studies o f  viscoelastic mate- 

r ia l .  The  methods employed here  un for tunate ly  d o  not permit  a detai led 

s tudy  o f  t he  relat ion between du ra t i on  o f  loading and deformation. On 

t h e  o ther  hand, tension tes ts  o n  ligaments and indentat ion tests o n  car- 

t i lage g i ve  an idea o f  t h i s  relat ionship. Few such studies have been 

undertaken on  neonatal tissue, which d i f f e rs  biomechanically from adu l t  

specimens. A more penet ra t ing  s tudy  o f  these factors i s  planned. 



CONCLUSIONS 

1 

2 
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The method o f  inducing hip deformation and dislocation in v i t ro  in 

human specimens i s  also applicable in corresponding investigations 

in young rabbi ts.  

Deformation and dislocation can be induced in v i t r o  in three hours 

wi th  va ry ing  loads and without macroscopic damage to the jo int  

capsule o r  ligaments. 

The deformation o f  t he  femoral head ,and acetabulum increases with 

increasing load. 

The magnitude o f  the dislocation is approximately proportional to 

the logarithm o f  the applied load. 

Hip deformation and dislocation can also be induced in v ivo in three 

hours solely by immobilization o f  the hind legs, and without macro- 

scopic damage to the joint capsule o r  ligaments. 

The method used in in v ivo series I I  gives dislocation and deforma- 

tion in a high frequency and i s  well suited for  short-term experi- 

ments. 

Hip deformation and dislocation induced in fresh specimens w i t h  the 

in v i t r o  method are similar in type and degree to  those produced by 

the in v ivo method. 

The dislocating forces in v ivo are estimated approximately a t  0.25 

x W to  0.85 x W, corresponding to  0.35 t o  1.3 N. 

The mechanical properties o f  the specimens are altered by a long 

period o f  storage at  +4O C o r  by storage at  -20' C. 

In v i t ro  experiments should, if possible, be performed on fresh 

specimens. If th is  is not feasible, specimens stored at +4O C 
to six days can be accepted. The measurement data w i l l  then show 

a greater scatter and somewhat increased deformation and dislocation. 

for  up 
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After storage of the specimen in the frozen state these errors will 

be even greater, and therefore experiments on previously frozen 

specimens should be avoided. 
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SUMMARY 

I In an in v i t r o  study hip deformation and dislocation were induced 

in specimens from 8 - 11 day old rabbi ts by a method that had 

been used previously on human specimens (Hjelmstedt, Asplund 

& Rauschning 1 9 8 2 ) .  The hip joints were loaded w i t h i n  one hour 

post-mortem in an experimental apparatus w i t h  a constant force, 

which was maintained for  three hours. The load was varied, wi th  

respect to the weight W o f  the animals, between 0 . 2 5  x W and 

2 . 5  x W, so that  seven d i f ferent  load categories were obtained, 

wi th  two animals in each category. A t  the end o f  the experiment 

the specimen was deep frozen while st i l l  under  load. Dislocation 

and deformation occurred in all hips. The dislocation o f  the fe- 

moral head was measured on cryosections and was expressed in 

par ts  o f  the diameter o f  the femoral head. The degree o f  disloca- 

t ion was approximately proportional to the logarithm o f  the applied 

load. The deformation increased w i t h  increasing load. No macro- 

scopic damage to  the jo int  components was observed. 

I I  In an in v ivo study hip dislocation and deformation were induced 

in a short  period in 7 - 12 day old rabbits. An experimental model 

similar to that used by Wilkinson ( 1 9 6 3 )  and Michelsson and Langen- 

skiold ( 1 9 7 2 )  in long-term experiments was employed. The study 

was performed in two series. in series I the experimental condi- 

t ions were var ied and dislocation occurred in nine out  o f  1 6  hips. 

The importance o f  the degrees o f  rotation and abduction o f  the 

hip for  the occurrence o f  dislocation was noted. On the basis of 

the results from this series, the experiments in series I I  were 

standardized. The knee joint was immobilized bilaterally in exten- 

sion w i t h  a plastic spl int  and the two hind legs were f ixed to each 

other in inward rotation and flexion w i t h  a s t r i p  o f  adhesive tape 

around the trunk. A f te r  three hours the rabbi ts were k i l led by 

shock-freezing in liquid nitrogen. The hips were cryosectioned and 

the dislocation was determined in the same way as in the in v i t ro  

experiments. Dislocation occurred in 18 out  o f  20 hips. 
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Ill A t  a comparison between the  f ind ings  in in v i v o  series II and  the  

in v i t r o  series it was found tha t  12 o f  t h e  28 h ips  in v i t r o  showed 

a dislocation cor respond ing  t o  tha t  in the  in v i v o  cases, whi le in 

the  o ther  1 6  t he  dislocation was o f  g rea ter  magnitude. In cases 

w i t h  approximately the same degree uf dislocation the  t y p e  of de- 

formation was also similar in the  two series. From data obtained 

in the  in v i t r o  series, the  dis locat ing fo rce  ac t i ng  in v i vo  was cal- 

culated t o  b e  between 0 .25  x W and 0 . 8 5  x W, cor respond ing  t o  

0.35 t o  1.3 N. 

I V  In v i t r o  exper iments o n  human hip specimens cannot b e  performed 

immediately post-mortem. A s  a r u l e  the  specimens have been s to red  

a t  +4O C f o r  several days  and sometimes they  have even been 

s to red  in the  deep-frozen state be fore  the  exper iment.  In o r d e r  

t o  assess the  ef fect  o f  post-mortem storage on  the  degree o f  d is-  

location and  deformation, t he  fo l lowing s t u d y  was under taken in 

rabb i ts .  T h i r t y  rabb i t s  7 - 12 days  o ld  were d i v ided  in to  10 test  

groups, each g r o u p  containing th ree  animals f rom the  same l i t t e r  

and o f  approximately the  same body  weight. T h e  th ree  animals were 

k i l l ed  a t  t h e  same time and  the  h i p s  f rom one o f  them were loaded 

w i th in  one hour  post-mortem. T h e  o ther  two animals were s to red  

a t  +4O C f o r  f i v e  t o  s i x  days. Load test  was then  performed o n  

one o f  these two animals and  the  o the r  was s to red  a t  -20' C. 

A f t e r  a f u r t h e r  21 - 30 days  the  f rozen animal was thawed and  

i t s  h ips  were loaded. T h e  re la t i ve  load was o f  equal magnitude in 

each tes t  g roup.  A d iv is ion  i n to  load categories was made as in 

the  in v i t r o  series, and  the  load was va r ied  between 0.75 x W and  

2 . 5  x W. T h e  deformation was s tud ied  o n  cryosect ions and  the  

degree o f  dislocation was determined. There  was a s ign i f i can t  dif- 

ference in dislocation between the  th ree  storage classes - f resh  

specimens, re f r i ge ra ted  specimens and  f rozen specimens. T h e  re -  

f r i ge ra ted  specimens dislocated 13 p e r  cen t  more and  the  f rozen 

specimens 33 p e r  cent  more than the  f resh  specimens. T h e  mea- 

surement data also showed tha t  t h e  scatter o f  t h e  values was grea- 

t e r  in the two former classes than in the  f resh  specimens. T h e  de- 

formation was greatest  in the  f rozen specimens, whi le the  re f r ige-  

ra ted  and  f resh  specimens were less deformed. Thus, in in v i t r o  

experiments f r e s h  specimens should be  used. If th i s  i s  n o t  possible, 

specimens tha t  have been k e p t  a t  +4O C can b e  accepted, but 

those tha t  have been f rozen should b e  avoided. 
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Appendix. Table V I I I .  Detailed table of data in the in vitro series 

Rabbit Load Weight Relative Dislocation 
No. “1 (N) load Dh, r ight Dh, left Da 

(d)  (d) (d)  

48 

64 

0.3 1.2 

0.4 1.7 

0.174 

0.121 0.25xW 
0.139 

0.236 

0.157 

0.179 

37 

42 

0.65 1.3 

0.75 1.5 

0.231 

0.251 
0.5xW 0.264 

0.353 

0.248 

0.302 

58 

67 

1.25 1.65 

1.25 1.7 

0.406 

0.437 
0.75xw 0.461 

0.354 

0.434 

0.396 

41 

52 

1.5 1.5 

1.5 1.5 

0.418 
1. oxw 

0.437 

0.400 

0.473 

0.409 

0.455 

31 

55 

2.7 1.8 

3.15 2.1 

0.495 

0.705 
1.5xW 0.61 0 

0.664 

0.553 

0.685 

25 

61 

4.0 2.05 

2. a 1.45 

0.575 
2. oxw 

o. 580 
0.602 

0.596 

0.589 

0.588 

65 

66 

3.9 1.6 

3.9 1.55 

0.711 2.5xW 
0.728 

0.730 

0.718 

0.721 

0.723 

mean difference Dhright - Dhleft = -0.023 d SD = 0.044 d 
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Appendix. Table X .  Detailed table of data in in vivo series I I  

Rabbit Side Hip joint’s Dislocation Dh 
No. Flex. Abd. Outw. rot. (d) 

(degrees) 

35 

36 

38 

39 

40 

43 

44 

45 

46 

47 

right 
left 

90 - 7  0 
90 10 10 

0.295 
0.285 

right 
left 

90 5 0 
a0 a 1 0  

0.305 
0.287 

right 
left 

90 -3  0 
90 -2 15 

0.291 
0.282 

right 
left 

90 - 7  -1 0 
95 - 7  1 0  

0.382 
0.336 

right 
left 

105 -4  1 0  
110 -4  1 0  

0.420 
0.431 

right 
left 

90 -15 0 
90 - 5  -5  

0.182 
0.207 

right 
left 

105 -a  -5  
105 -7 -5  

0.291 
0.356 

0.281 
0.300 

right 
left 

105 -12 0 
105 -4  - 5  

0.137 
0.039 

right 
left 

90 -12 -25 
90 12 - 5  

right 
left 

105 -1 1 -30 
100 0 5 

0.1 a9 
0.100 

56 



A
p

p
e

n
d

ix
. 

T
a

b
le

 X
I.

 
D

et
ai

le
d

 t
ab

le
 o

f 
d

at
a 

in
 t

h
e

 s
to

ra
g

e 
se

ri
es

 

L
o

ad
 

W
ei

g
h

t 
R

el
at

iv
e 

D
is

lo
ca

ti
o

n
 

T
e

s
t 

R
a

b
b

it
 

S
to

ra
g

e 
g

ro
u

p
 

N
o

. 
+4

O
 c

 
-2

O
O

 
c 

“1
 

“1
 

lo
ad

 
D

h
, 

ri
g

h
t 

D
h

, 
le

ft
 

D
a 

(2
4

 h
) 

(2
4

 h
) 

(d
) 

(d
) 

Id
) 

-
 

- 
58

 
1.

25
 

1.
65

 
1 

59
 

5 
- 

1.
25

 
1.

65
 

60
 

5 
24

 
1.

4 
1.

8 

-
 

- 
a5

 
1.

2 
1.

55
 

2 
86

 
5 

- 
1.

2 
1.

55
 

a7
 

5 
22

 
1.

2 
1.

5 

52
 

1.
5 

1.
5 

3 
53

 
6 

1.
5 

1.
5 

54
 

6 
2
9
 

1.
5 

1.
5 

1.
7 

1.
6 

- 
- - 

- 
- 

4 
82

 
5 

- 
1.

7 
1.

65
 

a3
 

5 
22

 
1.

7 
1.

65
 

a1
 

- 
- 

31
 

2.
7 

1.
8 

5 
32

 
6 

- 
2.

7 
1.

8 
33

 
6 

21
 

2.
95

 
1.

95
 

-
 

- 
55

 
3.

15
 

2.
1 

6 
56

 
6 

3.
2 

2.
2 

- 
57

 
6 

30
 

2.
7 

1.
8 

-
 

- 
25

 
4.

0 
2.

05
 

7 
26

 
6 

3.
 a

 
1.

9 
27

 
6 

28
 

4.
2 

2.
1 

- 

- 
- 

61
 

2.
 a

 
1.

45
 

63
 

5 
25

 
3.

0 
1.

55
 

8 
62

 
5 

- 
3.

0 
1.

5 

-
 

- 
75

 
4.

 a
 

1.
85

 
9 

76
 

6 
- 

5.
0 

1.
95

 
77

 
6 

25
 

4.
3 

1.
7 

- 
- 

78
 

4.
7 

1.
8 

- 
1

0
 

79
 

6 
4.

3 
1.

7 
ao

 
6 

25
 

4.
9 

1.
9 

M
ea

n
 d

if
fe

re
n

c
e

 
D

h
ri

g
h

t 
-
 

D
hl

ef
t 

= 
-0

.0
0

8
 

d
. 

S
D

 =
 

0.
04

0 
d

 

0.
75

 
x 

W
 

0.
75

 
x

 w
 

1.
0 

x 
w 

1.
0 

x
 w

 

1.
5 

x 
W 

1.
5 

x 
W

 

2.
0 

x 
w 

2.
0 

x
 w

 

2.
5 

x 
W

 

2.
5 

x
 W

 

0.
40

6 
0.

53
8 

0.
63

3 

0.
41

5 
0.

50
7 

0.
58

9 

0.
53

8 
0.

43
7 

0.
74

2 

0.
42

5 
0.

39
1 

0.
54

4 

0.
49

5 
0.

64
5 

0.
68

7 

0.
70

5 
0.

 a
03

 
0.

 a
75

 

0.
57

5 
0.

62
4 

0.
66

2 

0.
58

0 
0.

 a
33

 
0.

90
7 

0.
64

9 
0.

73
1 

0.
 a

83
 

0.
66

4 
0.

66
2 

0.
81

8 

0.
46

1 

0.
71

7 

0.
44

2 
0.

50
7 

0.
57

4 

0.
47

3 
0.

55
9 

0.
61

6 

0.
58

6 

0.
49

2 
0.

45
5 

0.
60

3 

0.
61

0 
0.

61
6 

0.
61

6 

0.
66

4 
0.

 a
04

 
0.

 a
33

 

0.
60

2 
0.

63
6 

0.
68

8 

0.
59

6 

0.
98

5 

0.
65

6 

0.
68

0 

0.
68

5 
0.

 a
a6

 

0.
67

2 
0.

66
1 

0.
82

5 

0.
43

4 
0.

56
2 

0.
67

5 

0.
42

8 

0.
58

2 
0.

50
7 

0.
45

5 
0.

54
9 

0.
67

9 

0.
45

9 
0.

42
3 

0.
57

4 

0.
55

3 
0.

63
1 

0.
65

2 

0.
68

5 
0.

 a
04

 
0.

85
4 

0.
58

9 
0.

63
0 

0.
67

5 

0.
58

8 
0.

75
6 

0.
94

6 

0.
65

3 

0.
88

5 
0.

70
8 

0.
66

8 

0.
 a

22
 

0.
66

2 




