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Chapter 1 

INTRODUCTION AND OBJECT 

I n t e r e s t  i n  l i g a n e n t  i n s t a b i l i t y  of t h e  knee j o i n t  h a s  been on t h e  i n c r e a s e  

throughout t h i s  cen tu ry .  An exp lana t ion  may b e  t h e  i n c r e a s i n g  number of 
l i ganen t  i n j u r i e s  i n  modern industrial soc ie ty ,  due  t o  a c c i d e n t s  a t  work, 
i n  t h e  t r a f f i c ,  and du r ing  s p o r t s  performances.  

a t h l e t i c  i n j u r i e s  c o n s t i t u t e d  t h e  l a r g e s t  s i n g l e  group i n  h i s  material, 20 
out of 84 s u r g i c a l l y  confirmed cruciate l i g a n e n t  i n j u r i e s ,  or 24%, Palmer 

(1938) r epor t ed  34% of' 58 ope ra t ed  l i g a n e n t  i n j u r i e s ,  Jonash (1958) 32%, 

Solonen and Rokkanen (1967) 24%, L i l j e d a h l  and Nordstrand (1969) 62%, G i l l -  
q u i s t  (1971) 79%, Gi l l . qu i s t  et  01. (1971) 84%, and A l m  (1974) 90%. How- 
ever, ep idemiologica l  or inc idence  s t u d i e s  are n o t  on record .  

So f a r ,  t h e  assessment o f  i n s t a b i l i t y  i n  t h e  knee j o i n t  h a s  been based 

B i rche r  (1933) stated t h a t  

predominmt ly  on c l in j .ca1  f i n d i n g s .  

vantogeous t o  b e  able to  measure t h e  s t a b i l i t y  o f  t h e  j o i n t  i n  p h y s i c a l  u n i t s .  

In t h a t  case, t h e  e f f e c t  of a t h e r a p e u t i c  method could  b e  eva lua ted  by sta- 
b i l i t y  measurements b e f o r e  and a f t e r  t h e  t r ea tmen t .  

For s c i e n t i f i c  r easons  i t  would b e  od- 

The o b j e c t  of t h e  p r e s e n t  s t u d i e s  was t o  develop  a method f o r  r e l i a b l e  

measurement of l igament  s t a b i l i t y  i n  t h e  knee j o i n t .  

grcphs b e f o r e  and a f t e r  a p p l i c a t i o n  o f  d i f f e r e n t l y  d i r e c t e d  t r a c t i o n  and 

p res su re  a c t i o n s  upon t h e  j o i n t  have proved s u i t e d .  
s i b l e  t o  measure d i r ec : t l y  a change i n  t h e  d i s t a n c e  between t h e  articular 
bones, r ep resen ted  by f u r t h e r  de f ined  landmarks as a measure of s t a b i l i t y  o r  
i n s t a b i l i t y .  

due t o  t h e  s h i f t  of s o f t  tissues when a measuring appa ra tus  i s  f a s t e n e d  ex- 

t e r n a l l y  on t h e  j o i n t .  could  b e  

e labora ted  so t h a t  t o  t h e  o r i g i n a l  measurement of a n t e r i o r  and medial  in- 

s t a b i l i t y  i t  was p o s s i b l e  t o  add p o s t e r i o r  and lateral  as w e l l  as  v a r i o u s  

forms of r o t a t o r y  i n s t a b i l i t y .  

Measurements on rodio- 

On t h e  f i l m s  i t  i s  pos- 

Rad io log ica l  measurement o b v i a t e s  an i n c a l c u l a b l e  inoccurocy 

The method of Kennedy and Fowler (1971) 

Therefore,  t h i s  was t h e  method s e l e c t e d  and de- 

s igna ted  by t h e  p r e s e n t  au thor ,  i n  i t s  extended form, "gonylaxmetry" ,  v i z .  

measurement o f  knee lc ix i ty .  

The p r e s e n t  i n v e s t i g a t i o n s '  were carried out t o  extend t h e s e  au tho r s '  

method to  t h e  measurement o f  i n s t a b i l i t y  i n  known u n i t s ,  mn, f o r  r e sea rch  
purposes and t o  assess t h e  r e l i a b i l i t y  of t h e  method. 
i n a t i o n s  of normal persons  as w e l l  as of a series of p a t i e n t s  w i th  knee 

1igunent i n  juries confirmed s u r g i c a l l y  of ter t h e  measurement. 

Th i s  required exan- 
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In  t h i s  connec t ion  i t  was endeavoured a l s o  to  assess t h e  v a l u e  of t h e  
appa ra tus  as a d i a g n o s t i c  aid f o r  c l i n i c a l  use.  

For e l a b o r a t i n g  t h e  method it was necessary  t o  a r r i v e  a t  a more accu- 

rate measuring technique  on t h e  X-ray f i l m s .  

rodio-anatomical i n v e s t i g a t i o n s  were carried out t o  f i x  t h e  landmarks. 

t h i s  connec t ion  t h e  area i n t e r c o r d y l a r i s  t i b i a e  was sub jec t ed  t o  p a r t i c u -  

lar s tudy .  

selected. 
t h e  i n f l u e n c e  of such p o s i t i o n s  i.n examining t h e  knee j o i n t .  Las t ly ,  me- 

t hods  were developed f o r  ca l cu la t . i ng  t h e  convers ion  of t h e  d i s t a n c e s  r e d  
from t h e  f i l m s  i n t o  d isp lacement  or r o t a t i o n  during v a r i o u s  a c t i o n s  upon 

t h e  j o i n t .  

To t h i s  end, anatomica l  and 

I n  

Sui t ed  a n g l e s  o f  knee f l e x i o n  and s u i t e d  p r o j e c t i o n s  had t o  be  

Various p o s i t i o n s  o f  r o t a t i o n  of t h e  f o o t  were u s e d  t o  e l u c i d a t e  

I t  was endeavoured also to  e l u c i d a t e  a p o s s i b l e  r e l a t i o n s h i p  between 
g iven  traumatic mechanisms and i n s t c b i l i t y  p a t t e r n s .  
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Chapter 2 

METHODS FOR ASSESSING LIGAMENT 
INSTABILITY OF THE KNEE JOINT 

H i s t o r i c a l  Development und Present Status on the  Basis o f  the  L i t e r a t u r e  
------------------------.------------------------------------------------ 

2 a: C l i n i c a l  Evaluat ion o f  I n s t a b i l i t y  

I n j u r i e s  t o  the  c r u c i a t e  l igaments were f i r s t  descr ibed by Stark (1850), and 

about the t u r n  o f  the century they were s t i l l  considered extremely r a r e  

(Fick 1904, 1911). I n s u f f i c i e n c y  o f  the  c o l l a t e r a l  l igunents,  as o f  the cru- 

c i a t e  l iganents, was studied by c u t t i n g  experiments on human cadavers by 

Weber and Weber (1836). 

medial (valgus) i n s t o b i l i t y ,  but no t  t h e  drawer sign. 

t ioned s o g i t t a l  i n s t a b i l i t y  and Felsenreich (1934) the  drawer sign, b u t  

attached l e s s  inportonce t o  i t  than t o  i n s t a b i l i t y  i n  the f r o n t a l  p lane 

(varus/valgus), a l s o  i n  i n j u r i e s  t o  the c r u c i a t e  l iganents.  B i rcher  (1933) 

used the terms medial and l a t e r a l  i n s t c b i l i t y  as w e l l  as drawer sign, as de- 

scribed below, i n  h i s  mater ia l  o f  84 cases with rup ture  o f  the c r u c i a t e  l i g a -  

ments among 831 a r t h r o t m i e s  on the knee j o i n t .  

of the l i t e r a t u r e  and study of  a major p a t i e n t  m a t e r i a l  so 

Palmer (1938). He described the c l i n i c a l  symptoms and signs o f  l iganent  i n -  

juries, supplemented by s tud ies on human cadavers, and i t  i s  h i s  descr ip t ion  

of  medial and l a t e r a l  i n s t a b i l i t y  and the  drawer s ign which forms t h e  bas is  

o f  the fo l low ing  account. 

duction') i s  evaluated on the s l i g h t l y  f lexed knee. I n  t h i s  p o s i t i o n  the  

cruc ia te l iganents  and t h e  p o s t e r i o r  a r t i c u l a r  ccrpsule o re  so l a x  t h a t  an 

iso la ted  i n j u r y  t o  a c o l l a t e r a l  l iganent  i s  demonstrable, as reproduced ex- 

perimentally on cadavers by Palmer (1938) and Hal len and Lindahl (1965 a).  

Major i n s t c b i l i t y  i n  a s l i g h t l y  f lexed knee ind ica tes  associated i n j u r y  t o  

the c ruc ia te  l igaments and p o s t e r i o r  knee capsule, wh i le  i n s t c b i l i t y  found 

i n  a f u l l y  extended knee i s  d e f i n i t e  evidence o f  associated i n j u r y  t o  these 

structures, as demonstrated exper imental ly by the  sane authors. C l i n i c a l l y ,  

the i n s t o b i l i t y  can be measured on ly  approximately w i t h  a goniometer, and 

only under general  anaesthesia, as the  i n s t c b i l i t y  i s  normally demonstrated 

instantaneously because 13 p a i n  r e a c t i o n  immediately mdes t h e  knee r e t u r n  

t o  the n e u t r a l  pos i t ion .  

These l a t t e r  authors mentioned l a t e r a l  (varus) and 

Goet jes (1913) men- 

The most thorough review 

f a r  we owe t o  

I n s t c b i l i t y  i n  the  f r o n t a l  plane, meaning i n s t c b i l i t y  a t  ob- or ad- 

+) For more accurate d e f i n i t i o n s ,  c f .  Chapter 5. 
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An a n t e r i o r  drawer s i g n  wi thout  s imul taneous  r o t a t i o n  of t h e  knee jo in t  

( c f .  d e f i n i t i o n s  i n  Chapter  5) cannot  be induced i n  cases of isolated c o l l a t -  

eral l igament  i n j u r y  (Palmer 1938).  

cruciate ligament,  KL, b u t  no t  n e c e s s a r i l y  t o  t h e  collateral l igaments .  

p o s t e r i o r  drawer 

juries to  t h e  p o s t e r i o r  cruciatc ligament,  PCL, but  does  n o t  n e c e s s a r i l y  

presuppose i n j u r y  t o  t h e  collateral l i gamen t s  or t h e  p o s t e r i o r  knee  cclpsule 

(Palmer 1938). This  i n v e s t i g a t i o n  is  done wi th  t h e  knee  i n  90° f l e x i o n .  

extended t h e  knee j o i n t  i s  stable even i n  t h e  p re sence  

t i o n  of bo th  cruciate ligaments,  cf. cadaver  experiments on human knee jo in ts  

by Weber and Weber (1836) and Palmer (1938).  

i n c r e a s i n g  d e s t r u c t i o n  of t h e  collateral l igaments  (Palmer 1938).  

Th i s  requires an i n j u r y  t o  t h e  a n t e r i o r  
A 

s ign  ( t i b i a  i n  r e l a t i o n  t o  t h e  f m u r )  i s  observed i n  in- 

When 

of i s o l a t e d  des t ruc-  

The drawer s i g n  i n c r e a s e s  w i t h  

Seve ra l  a u t h o r s  have  t r i e d  to  g r a d e  t h e  drawer s i g n  c l i n i c a l l y  f r a n  

0, +, tt, to  +t++ (O'Donoghue 1963) or +tt (Ket te lkanp  and Thompson 1975 , 
Hughston et al. 1976, Marsha l l  t r t  al. 1977).  The exaniner  uses h i s  f i n g e r  
t h i ckness ,  p o s s i b l y  a t a p e  measure, and conpar i son  wi th  t h e  p a t i e n t ' s  good 

knee  i n  t h e  assessment.  

I n v e s t i g a t i o n  of r o t a t i o n  on an a x i s  i n  t h e  l o n g i t u d i n a l  d i r e c t i o n  

of t h e  t i b i a  i n  knees wi th  i n t a c t  l i gamen t s  was f i rs t  performed on human 

cadave r s  

F ick  (1911), Bront igan  and Voshel l  (1941), Hall& and Lindohl (1965 b) ,  while 

normal r o t a t i o n  i n  l i v i n g  s u b j e c t s  h a s  been s tud ied  by Meyer (1853), Ross 

(1932), and Ruetsch and Morscher (1977).  
synptoms d i d  n o t  attroct c l i n i c u l  a t t e n t i o n  u n t i l  a la te  d a t e .  

by a Dane (Winslow 17.L9) and later by Weber and Weber (1836), 

. 
Abnormal r o t a t i o n  g i v i n g  rise t o  

Slocum and Larson (1968) have  suggested a c l i n i c a l  test fo r  demonstrat- 

i n g  e x t e r n a l  

due to  i n j u r y  t o  t h e  medial collateral l igaments .  

l igamentous s t r u c t u r e s  are i n t a c t ,  t h e  c l i n i c a l  r o t a t o r y  i n s t a b i l i t y  test 
i s  deemed p o s i t i v e  when t h e  t i b i a  can be p u l l e d  forward wi th  t h e  " foo t  and 

lower leg" i n  15' e x t e r n a l  r o t a t i o n .  

The presupposed lateral s t d b i l i t y  i s  f i r s t  i n v e s t i g a t e d ,  also c l i n i c a l l y .  

I t  i s  t o  mani fes t  i t s e l f  i n  a stable knee j o i n t  on forward s o g i t t a l  t roc -  

t i o n  wi th  t h e  foot and lower l e g  i n  30' i n t e r n a l  r o t a t i o n .  
extended t h e  i n s t a b i l i t y  d e f i n i t i o n s ,  d e f i n i n g  i n i t i a l l y  s imple  i n s t d i l i t y  

as i n s t a b i l i t y  i n  one  p l a n e  and complex i n s t a b i l i t y  as i n s t a b i l i t y  i n  two or 
more p l a n e s  a t  t h e  some time. Th i s  m u s t  be t d t e n  t o  mean t h a t  medial and 

lateral  i n s t a b i l i t y ,  i. e. abduct ion  and adduct ion  i n s t a b i l i t y  r e spec t ive ly ,  

and drcwer s i g n s  i n t o  a pu re ly  sagittal d i r e c t i o n  r e p r e s e n t  simple instclb- 

r o t a t o r y  i n s t a b i l i t y  o f  t h e  t i b i a  i n  r e l a t i o n  t o  t h e  femur, 
Provided t h a t  t h e  l a t e r a l  

The knee j o i n t  i s  i n  90' f l e x i o n .  

Nicholas  (1973 a )  
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i l i t y ,  bu t  when contained or associated wi th  s imul taneous  abnormal r o t a t i o n  
they are t y p e s  of conplex  i n s t c k i l i t y .  

est i n  r o t a t i o n  combined wi th  d r a v e r  s i g n s  (F ig .  1 ) .  The exan ina t ion  i s  

carried o u t  c l i n i c a l l y ,  w i th  t h e  knee  f l e x e d  20' - 30'. 
d e f i n i t i o n ,  conplex anteromedi.al i n s t a b i l i t y  means &normal forward movement 

(on t r a c t i o n )  o f  both  t i b i a l  condyles  i n  r e l a t i o n  t o  t h e  r e s p e c t i v e  femora l  

condyles  p l u s  a d i f f e r e n c e  i n  t h e  forward movement, t h e  medial condyle  mov- 

ing  more than  t h e  lateral one. In  o t h e r  words, t h e r e  occurs a forward dis-  
placement p l u s  an e x t e r n a l  r o t a t i o n  ( s u p i n a t i o n )  of t h e  t i b i a .  Complex an- 

terolateral i n s t a b i l i t y  r e p r e s e n t s  abnormal d isp lacement  forward, t h e  lot-  
eral condyle  moving more than  t h e  medial one, an i n t e r n a l  r o t a t i o n  (prona- 
t i o n )  t h u s  be ing  added. 

i s  de f ined  as abnormal backward d isp lacement  of bo th  t i b i a l  condyles  p l u s  

( 1 )  g r e a t e r  d i sp lacement  of t h e  medial condyle  and 

(2 )  g r e a t e r  d i sp lacement  of t h e  lateral  t i b i a l  condyle  

r e s p e c t i v e l y  . 

d i a l  i n s t a b i l i t y  and e x t e r n a l  r o t a t i o n  i n  30° f l e x i o n  of t h e  knee. 

demonstrated on formal in- f ixed  p r e p a r a t i o n s  wi th  cut medial l i g a n e n t s  and 

i n t a c t  cruciate l igaments .  

Nicholas  h a s  tcken  p a r t i c u l a r  i n t e r -  

According t o  t h i s  

Pos te romedia l  and p o s t e r o l a t e r a l  complex i n s t h i l i t y  

Trickey (1977) h a s  de f ined  a n t e r u n e d i a l  i n s t a b i l i t y  as a c d i n e d  me- 
T h i s  was 

Trickey'  s a n t e r o l a t e r a l  i n s t a b i l i t y  c o n s i s t s  i n  forward displocement 

of t h e  lateral  t i b i a l  condyle  caus ing  i n t e r n a l  r o t a t i o n  and occurs, accord- 

ing  t o  Trickey, when t h e  K L  and p o s s i b l y  t h e  p o s t e r o l a t e r a l  capsule are 

cut. 
Hughston et al .  (1976 I land 11) chose  ano the r  c l a s s i f i c a t i o n :  a: 

Druuer s i g n  i n  n e u t r a l  p o s i t i o n ,  " s t r a i g h t  a n t e r i o r  or p o s t e r i o r  i n s t ab -  

i l i t y " ,  b: d ruue r  s i g n  wi th  knee and f o o t  i n  e x t e r n a l  r o t a t i o n ,  c: d r a v e r  

s ign  wi th  knee  and f o o t  i n  i n t e r n a l  r o t a t i o n ,  and d :  s imple  medial and lo t -  

eral i n s t a b i l i t y  " s t r a i g h t  abduct ion  or odduct ion  i n s t a b i l i t y " .  

Most r e c e n t l y ,  a n t e r i o r  d i sp lacement  of t h e  lateral t i b i a l  p l a t e a u  

has  a t t r a c t e d  i n t e r e s t  (Kennedy and Swan 1972, Slocum et  a l .  1976, Losee 
et 01. 1978, Kennedy et 01. 1978) .  This  d i sp lacement ,  also called antero-  

la teral  r o t a t o r y  i n s t a b i l i t y  by t h e  named au tho r s ,  h a s  been found i n  a l l  
t h e  materials i n  p a t i e n t s  having i n j u r y  to t h e  K L  and rup tu re ,  scarring, 

or l a x i t y  of t h e  p o s t e r o l a t e r a l  capsule. 

t h e  i n v e s t i g a t i o n s  of Trickey (1977).  
suggested f o r  demonst ra t ing  t h x s  i n s t c b i l i t y ,  a l l  c h a r a c t e r i z e d  by t h e  
t i b i a ,  wh i l e  i n  p o s i t i o n  between f u l l  ex t ens ion  of t h e  knee and 

This  i s  i n  exac t  accordance wi th  
Seve ra l  c l i n i c a l  tests have been 

30' f l e x i o n ,  
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COMPLEX ROTATORY INSTABILITY 
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F i g u r e  1: 

knee  viewed from above i n  90 f l e x i o n .  T i b i a  i n d i c a t a  by s o l i d  l i n e s .  The 
changing c e n t r e s  of r o t a t i o n  i n  i n j u r e d  knees  are i n  f o c t  unknown. External 
rotation i s  p r e s e n t  i n  an teromedia l  and p o s t e r o l a t e r a l  complex r o t a t o r y  in- 
s t o b i l i t y .  
a t i o n .  Note a s imul taneous  drawer s i g n  i n  t h e  f o u r  p a t h o l o g i c a l  s i t u a t i o n s .  

The f i g u r e  h a s  been m o d i f i e d  from J.A.Nicholas: J.Bone J o i n t  Surg. 55 A, 
J u l y  1973, 899-922, F i g u r e  3, wi th  t h e  a u t h o r ' s  k ind  permiss ion .  
r e f l e c t e d  t h a t  N icho las  pe r f  rms h i s  examination (and m&es h i s  d e f i n i t i o n s )  
on t h e  b a s i s  of a knee  i n  20  f l e x i o n .  

Complex r o t a t o r y  i n s t o b i l i t y  i n  accordance  wi th  t h e  p r e s e n t  author' 
d e f i n i t i o n s  (fromo(6) Act0 or thop .  scand. 49 195-204,1978): Right 

I n t e r n a l  r o t a t i o n  i n  o n t e r o l a t e r a l  and p o s t e r m e d i a l  complex rot- 

The f igure  

8 -  
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being d i s p l a c e d  forward and rotated inwards, and t h e r e a f t e r  reduced wi th  an 

audible c l i c k .  The p o s i t i o n i n g  of t h e  p a t i e n t  and t h e  e x m i n e r ' s  manipula- 

t i o n s  d i f f e r  somewhat, but  t h e  p r i n c i p l e  i s  i d e n t i c a l  i n  a l l  t h e  tests: 
"MacIntosh p i v o t  s h i f t  symptom", Galwoy et a l .  (1972) ,Slocum et  01. (1976), 

t h e  " j e r k  test" (Hughston et 01. 1976), Losee's test (Losee et  al. 1978).  

The mechanism i s  a s l i d i n g  of t h e  lateral femoral condyle  upwards, over t h e  

p o s t e r i o r  
i s  d i s p l a c e d  forward and a r educ t ion  wi th  an audible c l i c k  or - i f  t h e  

meniscus h a s  a l r e a d y  been de:jtroyed or removed - a jumping movement of t h e  

femoral condyle  over t h e  lateral  t u b e r c l e .  

mechanisms were d e s c r i b e d  as e a r l y  as 1938 by Palmer who also desc r ibed  t h e  

sequel t o  

of t h e  lateral t u b e r c l e .  

ture of t h e  cruciate l igamen t s  and p o s t e r i o r  ccpsule were a l s o  desc r ibed  by 

Palmer (1938), and i n  S t a r k ' s  op in ion  (1850) i t  was 
s ign .  

The 

horn of t h e  lateral meniscus, LM, when t h e  lateral t i b i a l  p l a t e a u  

The phenomenon and t h e  named 

spontaneous d isp lacement  i n  t h e  form of os t eochondra l  f r a c t u r e s  

Hyperextension of t h e  knee j o i n t  as a s i g n  of rup- 

t h e  most impor tan t  

2 b: 

2 b 1: 
Measurements on p r e p a r a t i o n s  of human knee  j o i n t s  were carried o u t  early, by 

Weber and Weber (1836) who u s e d  a compass i n  o rde r  t o  a d j u s t  t h e  i n i t i a l  pos i -  

t i on  (conpass no r th  p o l e )  and r e d  t h e  v a r i o u s  excur s ions  i n  degrees. 

metal wire in t roduced  i n t o  t h e  t i b i a l  t u b e r o s i t y  served as a p o i n t e r .  

gan and Voshell (1941) and Hdl.Bn and Lindchl  (1965 a, b )  have used s i m i l a r  
methods, f i x i n g  d e v i c e s  d i r ec t  i n  bony t issue of human knee  p repa ra t ions ,  so 

t h a t  t h e  measurements could be! rendered q u i t e  exac t .  

In s t rumen ta l  Measurement of Knee S t h i l i t y  

Ear ly  h i s t o r i c a l  development - - - -  - - - _ _ - - - _ _ ~ - - - -  

A 
Bran t i -  

The Weber b r o t h e r s  a l s o  measured knee f l e x i o n  and ex tens ion  i n  two 

l i v i n g  persons  (Weber and Weber 1836).  

r o t a t i o n  i n  t h e  knees  of l i v i n g  normal persons .  H i s  exper imenta l  des ign  was 

simple, wi th  an i n d i c a t o r  f i x e d  t o  t h e  sole, e x t e r n a l  f i x a t i o n  of t h e  femur, 

and immobi l iza t ion  of t h e  a n k l e  j o i n t  by s t r app ing .  Ross (1932) used a 

p o i n t e r  f i x e d  wi th  p l a s t e r  t o  t h e  malleoli, whereas Ruetsch and Morscher 

(1977) errployed a metal rod i n d i c a t o r  f i x e d  wi th  an elastic bandage on t h e  

sk in  over t h e  proximal part of t h e  media1 t i b i a l  su r f ace .  

were r o t a t i o n  measurements on knees  i n  90 

by means of g rad ing  scales benea th  t h e  soles. 

Meyer (1853) was t h e  f i r s t  t o  measure 

A l l  t h r e e  s t u d i e s  
0 f l e x i o n  i n  normal l i v i n g  pe r sons  
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More advanced instrumfental measurement o f  ligament i n s t a b i l i t y  i n  the 
A dis- knee j o i n t  i n  v ivo  has not come i n t o  use u n t i l  the past few decades. 

t i n c t i o n  may be mode between measurement by external ly  fastened apparatus, 

viz. external measurement, and rad io log ica l  measurement. 

2 b 2: 
various forms o f  goniometry, (2) measurement o f  anteroposterior displacement 

i n  mm, ( 3 )  a combination o f  these two methods, and (4) photographic methods. 

External measurement o f  knee i n s t a b i l i 9  i n  v ivo  may be by: (1) - - - - - - - _ - - . - - - _ - - - - -  - ---- 

2 b 2.1: Goniometry, by apparatus fastened external ly  on the l imb f o r  meas- 

u r ing  medial and l a t e r a l  knee s t a b i l i t y  i n  v ivo  was f i r s t  mentioned by Klein 

(1962). H is  opparatus consisted o f  metal cases f o r  the lower l e g  and thigh 

wi th a mechanical j o i n t  and grading scale a t  the l e v e l  o f  the knee. I t  was 

intended exclusively f o r  measuring medial and l a t e r a l  i n s t a b i l i t y  on extended 

knees. A method f o r  measurement on l o o  f lexed knees was described by Kalendc 

and Morehouse (1975). 

s im i la r  t o  K le in ' s  (1962), but  which permitted f l e x i o n  o f  the  knee i n  meas- 

u r ing  the medial and l a t e r a l  i n s t a b i l i t y .  

s i b l e  drawer sign. 

K i t t l eson  e t  01. (1967) developed an apparatus very 

Moreover, i t  could measure a pos- 

Electrogoni'ometry has been used f o r  measuring excursions i n  the sag- 
i t t a l  plane and f o r  measuring ro ta t i on  during normal persons' walking by 

Kettelkunp e t  

and l a t e r a l  i n s t a b i l i t y  by Lowe WSaunders (1977). 

analysis, the measurement 

meter device. 

a1 (1970) and Lunoreux (1971) and f o r  the measurement of medial 

A l l  have used grcphic 

being transmitted t o  curve shape by a potentio- 

2 b 2.2: External measurement o f  the drauer sign has been described by Sylvin 

(1975). This method has been developed t o  measuring exclusively sag i t ta l  in-. 

s t a b i l i t y  i n  the 90" f lexed knee j o i n t  i n  mm, and the force i s  not reproduc- 

i b l e  o r  measurable, as the  t r a c t i o n  on the t i b i a  i s  manual. 

attempted t o  el iminate these inaccuracies by repeating each measurement f i v e  

times and ca lcu la t ing  the mean. 

T i l l be rg  (1977). 

I t  has been 

A s im i la r  method has been employed by 

2 b 2.3: 

metr ic measurement o f  medial and l a t e r a l  i n s t a b i l i t y  with e l e c t r i c a l l y  re- 

corded anteroposterior stabi-, w i th  the knee i n  90° f lexion, i n  f u l l  ex- 
tension, and i n  20' f lex ion.  The act ion upon the,lower l i m b  i s  manual, but 

an interposed dynamometer continuously measures i t s  force which i s  also re- 

corded e l e c t r i c a l l y  i n  a curve. 

Markolf e t  01. (1978) designed an apparatus combining electrogonicr 
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2 b 2.4: 
Sprague and Asprey (1965).  
bones, which presumably w i l l  restrict t h e  use of t h i s  method. 
traced l i n e s  on t h e  f i l m s  f r o m  s k i n  marks and performed goniometry. 
t o  t h e  s h i f t  of t h e  s o f t  tissues, t h i s  marking cannot  b e  assumed t o  g i v e  par -  
t i c u l a r l y  accurate measurements, r e f l e c t e d  indeed i n  a low c o r r e l a t i o n  co- 
e f f i c i e n t  i n  a test/retest s tudy  of h e a l t h y  subjects. 

Photogrcphic  me thockhave  been u s e d  by Levens e t  01. (1948) and by 
The former d r i l l ed  metal wires i n t o  t h e  s u b j e c t ' s  

The latter 
ONing 

2 b 3: Radiological methods 
2 b 3.1: Radiological demon5,tration of medial and lateral i n s t a b i l i t y  and of 
t h e  draver s i g n  was publ i shed  first by Kirchmoyer (19201 of medial and later- 
a l  i n s t a b i l i t y  by Palmer (1938), and of t h e  drawer s i g n  by B6hler (1943). 
Jonash (1958, 1968) r e f i n e d  and s t anda rd ized  t h e  
abduct ion  and adduct ion  i n s t a b i l i t y .  
Martin (1960), i n  h i s  s t u d i e s  on human knee  p repa ra t ions ,  c l e a r l y  de f ined  h i s  
measuring method of medial i n s t a b i l i t y ,  measuring on t h e  X-ray f i l m  t h e  "clear 
space" between t h e  condy les  5 mn from t h e  medial t i b i a l  margin. 
vivo s t u d i e s  h e  u s e d  g e n e r a l  a n a e s t h e s i a  or s p i n a l  a n a e s t h e s i a  t o  o b t a i n  com- 

p l e t e  r e l a x a t i o n  of t h e  muscles i n  t h e  a f f e c t e d  leg. Roser et 01. (1971) 
d i d  t h e i r  measurements i n  t h e  sane woy, but  1 cm from t h e  
measuring m e d i a l  i n s t a b i l i t y  and 1 c m  from t h e  outermost edge of t h e  lateral 
condyle  i n  measuring lateral i n s t a b i l i t y  i n  a t h l e t e s .  
t r a c t i o n  for 
wi thout  and then  wi th  t r a c t i o n .  
l y s i s  by Wir th  and Artmann (1974) done t o  e l u c i d a t e  t h e  r o l l i n g - s l i d i n g  move- 
ment of t h e  condy les  i n  knee  j o i n t s  w i th  and wi thou t  KL. 
F i s h e r ' s  p r i n c i p l e  (1907) which invo lves  t h e  c o n s t r u c t i o n  of p a r a l l e l  tang- 
e n t s  at  p o i n t s  of c o n t a c t  between matching femora l  and t i b i a l  condyles  on 
rad iographs .  This  method i s  extremely time-consuming and n o t  r o u t i n e l y  
c p p l i c a b l e .  
w i th  confirmed i n j u r y  t o  t h e  u n t e r i o r  c r u c i a t e  l i g a n e n t .  

- - - _ _ _ _  - _ -  - -  

t echn ique  by exposures  of 

A l l  t h e s e  a u t h o r s  u s e d  i n  v i v o  exposures .  

In  h i s  

medial margin i n  

Nyga (1970) used manual 
measuring a n t e r i o r  d i sp lacement  and a double  exposure  - f i rs t  

F i n a l l y ,  t h e r e  i s  reason  t o  mention an ana- 

They u t i l i z e d  

I t  was employed for demonst ra t ing  t h e  d r m e r  s i g n  i n  p a t i e n t s  

2 b 3.2: 
which t h e  a c t i o n  upon t h e  knee  j o i n t  i s  done by t h e  a i d  of s e t -ups  or cppa- 
ratuses p e r m i t t i n g  s t a n d a r d i z a t i o n  of t t i e  f o r c e  used,  i n  c o n t r a s t  t o  s imple  
manual a c t i o n s .  The rea f t e r ,  .the measurements of i n s t a b i l i t y  are performed 
on X-ray f i l m s  made b e f o r e  and du r ing  t h e  stress a c t i o n s .  All t h e  methods 
t o  be mentioned below are in tpnded  for use i n  v ivo .  O u e l l e t  et a l .  (1968) 
have s t anda rd ized  t h e  f o r c e  for t h e  measurement of medial  and lateral  in -  

S t r e s s  r ad iog raph ic  methods are t d e n  h e r e  t o  mean methods i n  
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s t c h i l i t y  and a lso i n s t a b i l i t y  i n  the s a g i t t a l  plane, fastening the thighs 

and exert ing the act ion by s t r ings  f rom c u f f s  around the t i b i a  and passed 

over pu l leys t o  v e r t i c a l l y  suspended weights. 

sme method. 

Roser e t  01. (1971) used the 

Volkov (1971) has designed an apparatus which, by a handle, p u l l s  a t  

the proximal end of the t i b i a  w i th  a force of 15-20 kg. 

read on an interposed dynmometer. 

f i x  the pa t i en t ' s  th igh and lower leg, so tha t  the knee maintains a 90' 

f l e x i o n  throughout the exminat ion.  

table, and exposures are made before and during the t rac t ion .  Anterior d is-  

placement of the t i b i a l  condyle i s  measured on the X-ray f i lms, according t o  

which c r i t e r i a  i s  not stated. 

The force can be 

Other pa r t s  o f  the opporatus serve t o  

The pa t ien t  i s  pos i t ioned on an X-ray 

2 

medial i n s t a b i l i t y  wi th the knee i n  20' f l e x i o n  and an ter io r  drcmer sign w i t h  

the knee i n  90' f l e x i o n  also operates w i th  a standardized, measurable force 

and X-ray exposures during these actions, followed by measurement of any in-  

s t m i l i t i e s  demonstroble on the X-ray f i l m s .  The actions are exerted by 

gas-operated cy l inders connected, when measuring medial i n s t c h i l i t y ,  t o  a 

shoe guided by a s l i d e  i n  the f r o n t a l  plane of the leg. 

o f  the an ter io r  

of the t i b i a  by a p is ton.  The d i rec t i on  and force of the actions are 

guided from an instrument panel. 

height can be a l te red  from one type of measurement t o  the other. 

are made with an anteroposterior beam, a-p views, during clbduction action, 

and l a t e r a l  views dur ing t ract ion.  

fixed, during the l a t t e r  only t h e  ankle. 

w i th  exposures a t  res t .  

a comparable force of act ion from one exposure t o  the other. 

ment on the X-ray f i l m s  i s  done with the a id  of two superposed layers of 

transparent c e l l u l o i d  f i l m  scored w i th  l i n e s  a t  r i g h t  angles which are 

placed according I n  the l a t e r a l  view, 

used i n  measuring the drcmer sigrl, the measurement i s  done by the a id  of 

pieces o f  l i n e s  cu t  from a basel ine of tangents t o  the an ter io r  points 

o f  the femoral condyles and the poster ior  aspects of the t i b i a l  condyles 

( c f .  Fig. 11). 
accuracy on a hor izon ta l  viewing box. 

Kennedy and Fowler's and the present author' s landmarks and pos i t ion ing of 

the baseline, and they w i l l  be mentioned l a t e r .  The medial i n s t a b i l i t y  i s  

b '3.3: The apparatus described by Kennedy and Fowler (1971) f o r  measuring 

I n  measurements 

drawer sign the cy l inder  i s  connected t o  the proximal end 

The subject i s  fastened on a seat whose 

Exposures 

During the former exposure the foot  i s  

The stress exposures are compared 

The set-up secures a constant X-ray pro jec t ion  and 

The measure- 

t o  landmarks or1 the X-ray f i l m .  

The measurements are mode w i th  a Vernier gauge, w i th  0.1 mn 

There are ce r ta in  divergences between 
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measured on a tangent t o  the medial aspect o f  the medial t i b i a l  condyle, a t  

r i g h t  angles t o  a basel ine through the  most d i s t a l  po in ts  o f  the t i b i a l  j o i n t  

surfoces on the X-ray f i l m  ( c f .  Fig. 9). The parameter i s  cu t  o f f  on the 

nand  tangent o f  a l i n e  through the most d i s t a l  po in ts  o f  the contours o f  

the femoral condyles. 

duced such well-defined c r i t e r i a  o f  measurement. 

I t  i s  the c r e d i t  o f  Kennedy and Fowler t o  have i n t r o -  
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Chapter 3 

ANATOMY OF THE KNEE JOINT ON 
THE BASIS OF THE LITERATURE 

3 a: Bones 

The lateral femoral condyle,  whose j o i n t  s u r f a c e  
mn proximal ly  t o  t h a t  o f  t h e  medial 

ing  r idge"  f o r  t h e  p a t e l l a  t han  t h e  medial one. 

l ' l i nea  c o n d y l o p a t e l l a r i s "  (Spa l t eho lz  1953) a t  t h e  junc t ion  of t h e  p a t e l l a r  

surface of t h e  femur and t h a t  p a r t  o f  t h e  j o i n t  s u r f a c e  which articulates 
wi th  t h e  t i b i a .  
which h a s  no none i n  ana tomica l  nomenclature, bu t  i n  German literature it i s  
r e f e r r e d  t o  as " d i e  Grenzrinnell and i n  Anglo-Saxon l i terature as " t h e  l i m i t -  
i n g  groove". 

situated i n  t h e s e  grooves.  

a n t e r i o r l y  starts about 10  

condyle,  h a s  a cons ide rab ly  larger "guid- 
Both femoral condy les  have a 

J u s t  d i s ta l  t o  t h i s  l i n e  each femoral condyle  h a s  a groove 

In ex tens ion  t h e  a n t e r i o r  p a r t s  of t h e  r e s p e c t i v e  menisci  are 

The articular s u r f a c e s  of t h e  t i b i a l  condy les  d i f f e r  somewhat i n  shcpe. 

While both  are r e t r o v e r t e d  and r e t roposed  i n  r e l a t i o n  t o  t h e  t i b i a l  s h a f t ,  

and both concave i n  t h e  f r o n t a l  plane,  t h e  medial j o i n t  socke t  i s  d e f i n i t e l y  

concave i n  t h e  a n t e r o p o s t e r i o r  d i r e c t i o n ,  w h i l e  t h e  lateral  one i s  convex o r  

q u i t e  f l a t  ( i n  a few cases s l i g h t l y  concave). 
ve r t ed  than  t h e  medial one. 

t e r i o r l y ,  whereas t h e  lateral  condyle  i s  u s u a l l y  tallest i n  t h e  middle and 

p o s t e r i o r l y .  

A s  a rule i t  i s  less retro- 
Accordingly, t h e  medial condyle  i s  tallest an- 

The area i n t e r c o n d y l a r i s ,  s i t u a t d  between t h &  t i b i a l  condyles,  may be 
d iv ided  i n t o  t h e  area i n t e r c o n d y l a r i s  a n t e r i o r ,  t h e  i n t e r c o n d y l a r  eminence, 

and t h e  area i n t e r c o n d y l a r i s  p o s t e r i o r .  
and lateral i n t e r c o n d y l a r  t u b e r c l e s  and between them a crest, t h e  crista in- 

tertubercularis. 
tween t h e  t i b i a l  condyles,  s l o p i n g  backwards and downwards from t h e  crista 
i n t e r t u b e r c u l a r i s .  The sesamoid bone s i t u a t e d  i n  t h e  e x t e n s o r  appa ra tus  of 

t h e  knee j o i n t ,  t h e  p a t e l l a ,  articulates wi th  t h e  femoral condy les  an te r io r ly ,  

p roximal ly  t o  t h e  l i m i t i n g  grooves.  

p r e s e n t  study. 

The eminence c o n s i s t s  of t h e  medial 

The area i n t e r c o n d y l a r i s  p o s t e r i o r  i s  a deep  excavat ion  be- 

I t  was no t  u s e d  as a landmark i n  t h e  

3 b: Ligaments 

In gene ra l ,  t h e  l i gamen t s  o f  t h e  knee j o i n t  are mode up of co l l agenous  
connec t ive - t i s sue  f ibres  posses s ing  v e r y  l i t t l e  e l a s t i c i t y  (Palmer 1938) .  

An i n t a c t  l igament,  thus,  i s  an i n e l a s t i c  organ, and a c e r t a i n  l a x i t y  i n  a 
g iven  p o s i t i o n  of t h e  j o i n t  i s  p r e s e n t  merely t o  permi t  normal movements 
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(Humphry 1858). 

great force and en ta i l s  permanent prolongation o f  the t issue i n  the form o f  

g l i d ing  o f  the f i b r e s  i n  re la t i on  t o  eoch other (Palmer 1938), possibly demon- 

strable only microscopically (Noyes et  01. 1974, Kennedy e t  a l .  1976). 

Stretching the ligament beyond t h i s  pos i t ion  requires a 

The medial co l la te rc i l  l iganent consists o f  a super f i c ia l  and two profound 

liganents. 

3 b 1: The super f i c ia l  mtd ia l  c o l l a t e r a l  ligament, SKL, or ig inates on the 

medial epicondyle o f  the femur and inserts, deep t o  the pes anserinus, super- 

f i c i a l l y  t o  the an ter io r  crus o f  the semimembranosus tendon, an ter io r ly  on 

the medial t i b i a 1  surface. 

(Palmer 1938). 

o f  f i b r e s  which posterior1.y in te r tw ine  w i th  f i b r e s  f r o m  the deep l i gmen t ,  

W L ,  the poster ior  j o i n t  capsule, and the semimembranosus tendon. Anterior- 

l y  there may be interposed a bursa between the SKL and M L ,  f a c i l i t a t i n g  

the g l i d i n g  movement between the two l iganents (Brantigan and Voshell 1943). 

I n  a width o f  about 10 mm the anter ior  long f i b r e s  are f ree  o f  the meniscus 

and other t issues i n h i b i t i n g  movement (Warren e t  a l .  1974). 

I t  i s  about 12 cm i n  length and 10 mm i n  width 

A t  the l e v e l  o f  the j o i n t  the ligcment gives o f f  a t h i n  layer 

The jo in t - s tab i l i z i ng  funct ion o f  the ligaments i s  determined by t h e i r  

This varying ten- state o f  tension i n  the vcirious phases o f  j o i n t  movement. 

sion w i l l  therefore be described under the term function: The anterior, free 

10 mn as i n  any f lexion 

i n  the s a g i t t a l  plane. This i s  due t o  the e l l i p t i c a l  zone o f  attachment on 

the femoral epicondyle (Fig. 2) .  On flexion, p i vo t t i ng  o f  t h i s  attachment 

oval occurs, causing eversion ( super f i c i a l  backward movement) o f  the an- 

t e r i o r  f i b r e s  i n  r e l a t i o n  t o  the poster ior  ones. 

constant tension t o  which contr ibutes also the elevation o f  the anter ior  parts' 

of the femoral condyles i n  f l ex ion  (Palmer 1938). 

wide pa r t  o f  the SKL i s  tau t  i n  extension as we l l  

.? 

Thereby, a l l  f i b r e s  obtain 

On the other hand, the poster ior  f i b r e s  o f  the SKL, which form a thin, 

t r iangular sai l ,  are tau t  only i n  extension and gradually slacken i n  f lexion 

(Lanz and Wachsmuth 1938, Palmer 1938, Voshell 1956). 

A t  external ro ta t i on  o f  the t i b i a  both parts o f  the ligament become 

taut i n  any pos i t ion  o f  f lex ion  f rom the f u l l y  extended posi t ion.  

n a l  ro ta t i on  o f  the t i b i a  both portsvslocken a b i t .  

pos i t ion  i n  which the present invest igat ions f o r  medial and l a t e r a l  i ns tab i l -  

i t y  were made, the l iganent i s  somewhat slacker than in. f u l l  extension. 

must be borne i n  mind tha t  i n  t h i s  pos i t ion  the external ro ta t i on  o f  the 

t i b i a  has decreased, the " f i n a l  ro ta t ion"  being abolished (Fick 1911, Branti- 

gan and Voshell 1941). 

On in te r -  

I n  20' f lexion, the 

I t  
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M.RECTUS FEMORIS 

TENDO M. ADDUCT. M A G N .  QUADRICEPS TEND 

CAPSULA FIBROSA. 
PARS SUPERFICIALE. RESECTUM 

LIG. COLLAT. 
MEDSUPERFICIALE 
RESECTUM LIG.OBLIOUUM MEDIALE, OMCL 
ELLIPTICAL ZONE 
O R I G I N  ON 
EPICONDYLUS MED. 
FEMORIS 

LIG. PATELLAE INF. 

LIG.COLLA1. MED. 
SUPERFICIALE RESECTUM SMCL 

PES. ANESERINUS 

Figure  2: Medial l i g a n e n t s  and ex tenso r  appa ra tus  o f  t h e  knee j o i n t .  

p e s  a n s e r i n u s  i s  i n d i c a t e d ,  whereas t h e  tendon i n s e r t i o n s  f r a n  

The 

t h e  semimernbranosus muscle are omi t ted .  

c a p s u l e  h a s  been r e sec t ed ,  g i v i n g  
l a y e r  wi th  i t s  l igamentous  re inforcements .  

approximately equa l ly  l a r g e  p a r t s ,  t h e  a n t e r i o r  t h i r d  be ing  very  t h i n ,  t h e  
middle t h i r d  mode up of t h e  deep medial collateral ligcnnent, M L ,  and the  

p o s t e r i o r  t h i r d  of t h e  o b l i q u e  medial l i g a n e n t ,  OMCL, and t h e  posteromedial  

ccpsule. 

The o u t e r  l a y e r  of  t h e  f i b r o u s  j o i n t  

view i n t o  t h e  deep f i b r o u s  capsule o r  
Th i s  l a y e r  i s  d iv ided  i n t o  th ree  

3 b 2: The deep  medial c o l l a t e r a l  l i g a n e n t ,  M L ,  h a s  i t s  o r i g i n  on t h e  

d i s t a l  p a r t  of t h e  medial ep icondyle  of t h e  femur, f i x e s  t h e  medial men- 

iscus by co l l agenous  f i b r i l  bundle,j,  and i n s e r t s  on t h e  t i b i a  d i s t a l l y  t o  

t h e  c a r t i l a g i n o u s  junc t ion .  

i s  termed " t h e  s h o r t  i n t e r n a l  collateral  l igament" o r  " t h e  medial capsu la r  

l igament" (Slocum and Larson 1968) .  

In  American l i terature t h i s  p a r t  of t h e  ligament 

3 b 3: 
medial ep icondyle  of t h e  femur and backwards, towards t h e  adductor  tuberc le ,  

i n t e rchanges  f i b r e s  wi th  

The o b l i q u e  medial l igament,  W L ,  o r i g i n a t e s  p o s t e r i o r l y  on t h e  

t h e  m e d i o l  meniscus, and i n s e r t s  below t h e  car- 
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t i l a g i n o u s  j u n c t i o n  pos t e romed ia l ly  on t h e  t i b i a  where i t  i n t e r t w i n e s  i n t o  
t h e  p o s t e r i o r  c a p s u l e  of t h e  j o i n t .  
Hughston and Eilers (1973).  
combined (1938), but t h e r e  are no e s s e n t i a l  d i f f e r e n c e s  between t h e  two de- 
s c r i p t i o n s .  The M L  is termed " t h e  p o s t e r i o r  o b l i q u e  l i ganend 'by  Hughston 
and Eilers (1973). 

Th i s  l i g a n e n t  h a s  been desc r ibed  by 
Palmer h a s  described t h e  la t ter  t w o  l i gcmen t s  

Function: The D K L  as w e l l  as t h e  WL are taut i n  ex tens ion  and i n  
any e x t e r n a l  They anchor t h e  medial meniscus and 
restrict i t s  forward movement i n  ex tens ion ,  as they  t i g h t e n  (Hughston and 
Eilers 1973).  In f l e x i o n  t h e  medial o b l i q u e  l igament  and t h e  m e d i a l  meniscus 
are guided bockward by f i b r e s  f r a n  t h e  semimerrbranosus muscle via t h e  o b l i q u e  
p o p l i t e a l  l igament  accord ing  t o  Kaplan (1962) and Hughston and Eilers (1973), 
bu t  t h i s  h a s  

r o t a t i o n  of t h e  t i b i a .  

been called i n  q u e s t i o n  by Ore to rp  and Risberg (1978).  
In r u p t u r e  exper iments  on human knee p r e p a r a t i o n s  (Kennedy and Fowler 

1971) i t  has  been demonstrated t h a t  t h e  DMCL and t h e  WL may r u p t u r e  wi thout  
a s imul taneous  r u p t u r e  of t h e  SKL, i f  t h e k n e e  i s  f o r c e d  i n t o  v i o l e n t  e x t e r -  
n a l  r o t a t i o n  w h i l e  i n  90° Flexion. In  o t h e r  words, t h e s e  two deep  l i g m e n t s  
c o n t r i b u t e  t o  prevent in& t o o  marked an e x t e r n a l  r o t a t i o n  of t h e  knee j o i n t  
i n  90° f l e x i o n .  
ance t o  an i n t a c t  SKL, both i n  medial and lateral s t a b i l i t y  and i n  e x t e r n a l  
r o t a t o r y  s t a b i l i t y  at Oo, 3O0, 45O, and 90' knee  f l e x i o n .  
supported by Schweiberer arid Hertel (1977).  
c u t t i n g  

i 
However, Warren e t  al. (1974) have attr ibuted most import- 

This  view h a s  been 
The two la t ter  s t u d i e s  were 

exper iments  on human c a d a v e r i c  knees .  

3 b 4: The lateral  collateral  l i g a n e n t ,  LCL, i s  s i t u a t e d  deep t o  t h e  lateral 

copsu le  of t h e  knee j o i n t  and t h e  i l i o t i b i a l  tract. I t s  o r i g i n  i s  from t h e  
lateral ep icondyle  of t h e  femur and i t s  i n s e r t i o n  on t h e  head of t h e  f i b u l a .  
I ts  c e n t r a l  p a r t  i s  surrounded by loose connec t ive  tissue, g l i d i n g  tissue, 
and i s  n o t  i n  fibrous connec t ion  wi th  t h e  lateral  meniscus (Last 1950) .  A t  
t h e  i n s e r t i o n  on t h e  head o f  t h e  f i b u l a  t h e  l i g a n e n t  is enveloped by t h e  in -  
s e r t i o n  f i b r e s  of t h e  b i c e p s  tendon (Marsha l l  e t  al. 1972).  

Last (1948, 1950) mentioned a deep  lateral  collateral  l igament,  de- 
s c r ibed  as s t r o n g  s t r a n d s  i n  t h e  f i b r o u s  c a p s u l e  of t h e  j o i n t ,  of a deep 
s i t u a t i o n  ad j a c e n t  t o  t h e  synov ia l  capsu le ,  " t h e  s h o r t  e x t e r n a l  lateral  l i g a -  
ment''. 
t h e  lateral  ep icondyle  of t h e  
of t h e  f i bu la  and a n t e r i o r  cispect of t h e  c a p s u l e  of t h e  proximal t i b io - f ibu -  
lor  j o i n t  (F ig .  3 ) .  
of t h e  i l i o t i b i a l  tract from t h e  lateral ep icondyle  of t h e  femur (marked e )  

I ts  o r i g i n  i s  deep  t o  t h e  s u p e r f i c i a l  lateral  collateral  l i g m e n t  on 
femur, i t s  i n s e r t i o n  a n t e r i o r l y  on t h e  head 

On t h i s  f i g u r e  t h e r e  are also illustrated arcuate s t r a n d s  
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M.VASTUS LAlERALlS 

\ 

M.BICEPS FEMORIS 

MTRICEPS SURAE 

C: CAPIT.FIBULAE, BISEPS TENDON 
INSERT10 U G .  COLLAT. LAT. 
SUPERFICIALE 

F i g u r e  3: Lateral l igamen t s  of' t h e  knee  j o i n t  and t h e  muscles on i ts  l o t -  
era1 a s p e c t .  c: head o f  f i b u l a ,  e: lateral  ep icondyle  of  t h e  
f emr . 

t o  Gerdy' s tubercle, forming an accessory.  lateral collateral l igament  (Koplm 
1958).  
(1961). 

i n g l y  i n  f l e x i o n ,  bo th  a t  20' and 90°,and t i g h t e n s  i n  i n t e r n a l  r o t a t i o n  as 

Fur the r ,  minor l i ganen tous  strands have been mentioned by Kaplon 

Function: The s u p e r f i c i a l  LCL is t a u t  i n  exten'sion, s l ackens  imreas- 



- 27 - 

well as extreme e x t e r n a l  r o t a t i o n  (Palmer 1938, Lonz and Wachsmuth 1938, Ed- 
wards et 01. 1970) .  

3 b 5 :  C r u c i a t e  l i g a n e n t s :  
femur i s  a t  t h e  edge of t h e  i n s i d e  of t h e  condy les  t o  t h e  roof of t h e  fossa 
i n t e r c o n d y l a r i s  femoris: The a n t e r i o r  c r u c i a t e  l igament,  KL, on t h e  i n s i d e  
of t h e  lateral condyle  of t h e  femur far p o s t e r i o r l y ,  t h e  p o s t e r i o r  cruciate 
l iganen t ,  PCL, on t h e  medial condyle  of t h e  femur,  far  a n t e r i o r l y .  Both in-  
sert on t h e  t i b i a ,  t h e  E L  i n  t h e  area i n t e r c o n d y l a r i s  a n t e r i o r  and upwards 
on t h e  steep side towards t h e  medial t u b e r c l e  ( a r e a  10, see ( l ) ) ,  t h e  PCL 
deep i n  t h e  area i n t e r c o n d y l a r i s  p o s t e r i o r  ( a r e a  1 3  ( 1 ) ) .  
ments cross each o t h e r  i n  both  p lanes ,  i n  t h e  normal ana tomica l  p o s i t i o n  of 

t h e  body. The ACL i s  l i n e d  wi th  a t h i n  l a y e r  of synov ia l  membrane d i s t a l l y  
i n  t h e  j o i n t ,  a somewhat t h i c k e r  l a y e r  a n t e r o s u p e r i o r l y .  The PCL is l i n e d  
a n t e r i o r l y  wi th  a t h i c k e r  synov ia l  l a y e r .  
cble f i b r e s  of vary ing  course, de te rmining  t h e  ve ry  canplicated f u n c t i o n  of 
t hese  l igaments .  
ments are always taut, bo th  i n  f l e x i o n  and ex tens ion .  
relaxed i n  a g iven  p o s i t i o n  of f l e x i o n  and e x t e r n a l  r o t a t i o n  of t h e  
i n  r e l a t i o n  t o  t h e  femur (Lanz and Wachsmuth 1938).  
d iv ided  i n t o  two p a r t s  (Weber and Weber 1836, F ick  1911, Brant igan  and Voshel l  
1941, Spa l t eho lz  1953, Girgis e t  al. 1975). The 4CL can be d i v i d e d  i n t o :  
( a )  p o s t e r o l a t e r a l  f i b r e s  which are t a u t  i n  ex tens ion  (F ig .  4 )  and s l ack  i n  
PO0 f l e x i o n  (F ig .  5 ) .  

1911). 
ments. 
but not q u i t e  as taut as t h e  p o s t e r o l a t e r a l  ones, i n  f u l l  ex t ens ion  of t h e  
knee (Fick 1904, 1911, Long and Wachsmuth 1972, Furman et al. 1976) (F ig .  4) .  

In e x t e r n a l  r o t a t i o n  of t h e  90' f l e x e d  knee  t h e  cruciate l i g a n e n t s  g e t  un- 
twined (Palmer 1957), and as t h e  t i b i a  rotates outward t h e  o r i g i n  and i n s e r -  
t i o n  f a c e t s  of t h e  KL g r a d u a l l y  approach t h e  sane sagittal p l ane .  
phenomenon h a s  also been i l l u s t r a t e d  by S p a l t e h o l z  (1953, F ig .  213 a ) .  
i n t e r n a l  r o t a t i o n  of t h e  
ing and twining. 
i n  d i f f e r e n t  p o s i t i o n s  of r o t a t i o n  and also i n  t h e  Slocurn and Larson (1968) 
c l i n i c a l  test for e x t e r n a l  r o t a t o r y  i n s t c b i l i t y  i n  t h e  p re sence  of i n j u r y  to  
t h e  medial collateral l i g m e n t s .  When t h e  cruciate l i g a n e n t s  are l a x  i n  ex- 

t e r n a l  r o t a t i o n  of t h e  t i b i a  they  do no t  i n h i b i t  t h e  forward disp lacement  
which occurs i n  t h e  p re sence  of t h i s  l i gunen tous  
proximal end of t h e  t i b i a .  

The o r i g i n  of t h e  crudate l igamen t s  from t h e  

Thus, t h e s e  liga- 

Both l igaments  c o n s i s t  of innumer- 

Owing t o  t h e  arrangement of t h e s e  fibres, p a r t s  of t h e  l i g a -  
Only t h e  A a  i s  t o t a l l y  

t i b i a  
Both l i g a n e n t s  can  be 

These fibres aga in  t i g h t e n  on f u r t h e r  f l e x i o n  (Fick 
However, t h e  latter i s  of no  s i g n i f i c a n c e  i n  gonylaxometric rneasure- 

( b )  an teromedia l  f ibres  which are t a u t  i n  90' f l e x i o n  and also taut, 

This  
In  

t i b i a  t h e  o p p o s i t e  occurs, t h e  l i g a n e n t s  t i gh ten -  
This  phenomenon i n f l u e n c e s  exan ina t ion  i n  t h e  gonylaxometer 

i n j u r y  on t r a c t i o n  on t h e  



- 28 - 

F i g u r e  4: Photo of one  of t h e  p re sen t  a u t h o r ' s  p r e p a r a t i o n s  of a r i g h t  
knee j o i n t  i n  ex tens ion ,  a n t e r i o r  view. A block of bone has 

been c h i s e l l e d  off t h e  lateral femoral c o n d y l e ( l f c ) ,  so t h a t  t h e  a n t e r i o r  
cruciate ligament i s  v i s i b l e  i n  i t s  e n t i r e  e x t e n t  from t h e  o r i g i n  on t h e  
posteromediol edge of t h e  
t h e  area i n t e r c o n d y l a r i s  a n t e r i o r  t i b i a e .  
Note t h e  f a i r l y  wel l -def ined  bundles  of f i b r e s :  
( b )  t h e  an teromedia l .  Both bundles  are taut.  The p o s t e r i o r  cruciate 

l i g m e n t  i s  n o t  v i s i b l e  i n  

lateral condyle  of t h e  femur  t o  t h e  i n s e r t i o n  on 

Medial femora l  condyle  (mfc). 
( a )  t h e  p o s t e r o l a t e r a l  and 

t h i s  p o s i t i o n  of t h e  knee j o i n t .  

The FCL can  b e  d iv ided  i n t o  an a n t e r i o r  and a p o s t e r i o r  f i b r e  bundle. 
The a n t e r i o r  f i b r e s  are l a x  i n  f u l l  ex tens ion ,  b u t  taut i n  i n c r e a s i n g  flexion 
t o  become comple te ly  taut at  90'. 
s ion  and l a x e r  i n  f l e x i o n  (F ick  1904, 1911) .  

The posterior f i b r e s  are taut i n  exten- 

3 c: Menisci  
The menisc i  are of semilunar shape when viewed from above, t h e  lateral  one 
i n  f a c t  almost q u i t e  circular (Fick 1904).  They c o n s i s t  of f i b r o u s  cartiloge 
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Figure  5: The same knee j o i n t  as i n  F ig .  4, b u t  i n  90° f l e x i o n .  

l e f t :  

From t h e  

The p o s t e r o l a t e r a l  f i b r e s  of t h e  a n t e r i o r  cruciate l i g a -  

ment are very l a x  ( a ) ,  and t h e  a n t e r i o r  f i b r e s  are more t a u t  ( b ) .  

p o s t e r i o r  cruciate l i g a n e n t  (PCL) i s  very taut. 
of t h e  p o s t e r i o r  cruciate ligament which i s  v i s i b l e  he re .  

t he  p o s t e r i o r  p a r t  of t h i s  l igcment ,  cf. e.g. S i r g i s  et al.,  p .  224. 

The 

I t  is t h e  a n t e r i o r  p a r t  

For d e t a i l s  of 

and are 

iscus, MM, a t t a c h e s  a n t e r i o r l y  on t h e  area i n t e r c o n d y l a r i s  a n t e r i o r ,  i n  

f r o n t  of t h e  i n s e r t i o n  of t h e  KL. The a n t e r i o r  horn of t h e  lateral  men- 

iscus, LM, h a s  a cons ide rab ly  smaller area of a t tachment  more c e n t r a l l y  
and l a t e r a l l y  on t h e  area i n t e r c o n d y l a r i s  a n t e r i o r .  A n t e r i o r l y  t h e  two 
a n t e r i o r  menisca l  horns  are o f t e n  connected by a t r a n s v e r s e  band. 

medial of t h e  i n s e r t i o n  f i b r e s  of t h e  LM n e a r l y  always i n t e r t w i n e  a n t e r i o r l y  
with t h e  most lateral  i n s e r t i o n  f i b r e s  of t h e  K L  (Fick 1904).  
horn of t h e  htd a t t a c h e s  on t h e  p o s t e r i o r  edge of ' the  medial tube rc l e ,  t h a t  

of t h e  LM p o s t e r i o r l y  on t h e  lateral t u b e r c l e  and at  t h e  t o p  of t h e  e n t i r e  

vascu la r i zed  only  i n  t h e  pe r iphe ry  (Pfclb 1927).  The medial men- 

The most 

The p o s t e r i o r  
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c r i s t a  intertubercular is.  

the medial femoral condyle by two, a t  times only one, f ib rous  band proceed- 

i n g  upwards on the poster ior  and anter ior  aspects o f  the PCL 

in te r tw in ing  w i t h  the PCL f ib res .  

l a t e r a l i s  (Robert 1855, Hunphry 1858, Spalteholz 1953). The menisci are of 

great inportance t o  the s t a b i l i t y  o f  the knee j o i n t  and enter i n t o  int imate 

connection with i t s  ligamentous apparatus. 

muscle attach on the poster ior  edge o f  the LM (Lost 1950, Kaplan 1962). 

f ibrous connections p u l l  the menisci backwards i n  f lexion, the poster ior  edge 

o f  the menisci adapting themselves t o  the femoral condyles, so that  they are 

not squeezed beneath them. 

p o p l i t e a l  tendon, but fa r ther  an ter io r ly  i t  i s  attached t o  the capsule (Hugh- 

ston e t  a l .  1976 I )  j u s t  as the !A4 i s  attached medially by the M L  and W L .  
Micro-anatomical studies o f  human knees by Oretorp and Risberg (1978) have 

demonstrated tha t  the attachment i s  by f i b r e s  

ments i n t o  the substance o f  the meniscus i n  a V-shaped f i gu re  i n  the per i -  

pheral pa r t  o f  the meniscus. 

nection between the proximal and d i s t a l  par t  o f  the WPL and the CMCL, can- 

promising the funct ion o f  these liganents. Thus, par t  of the meniscal sub- 

stance enters i n t o  the named liganents. 

Also, the poster ior  horn of the LM attaches on 

and f i n a l l y  

They are known as the l iganenta menisci 

Fibrous strands f rom the popliteal 

The 

The edge of the LM i s  f ree  where i t  passes the 

coursing d i r e c t  f rom the l iga- 

Therefore, meniscectomy may in te r rup t  the con- 

Function: 

the knee jo in t .  

the menisci as shown by Shrive e t  a l .  (1978) i n  experiments on human speci- 

mens. 

SKL by about 1% (Oretorp e t  01. (1978) i n  experiments on dogs), and t h i s  
l iganent as w e l l  as the LCL show i n s t a b i l i t y .  

occurs as demonstrated by Nicholas (1973 b)  and by Wang and Walker (1974) i n  

human knees. 

The menisci play a r o l e  i n  the transmission o f  weight i n  

I n  human knee j o i n t s  about 45% of  the weight i s  borne by 

Furthermore, removal of the MA weckens the tens i l e  strength of the 

Rotatory i n s t a b i l i t y  too 

The menisci move forward i n  extension and backward i n  f lex ion .  The 

g l i d ing  movement between the menisci and t i b i a  c d i n e d  w i th  the r o l l i n g  

movement o f  the femoral condyles on the menisci and t i b i a 1  condyles i n  the 

"menisco-femoral j o i n t  c h d e r "  tckes place simultaneously w i t h  r o ta t i on  on 

one or more v e r t i c a l  axes. The l a t e r a l  meniscus i s  more mobile than the 

medial one, tcking par t  i n  the wider movement of ro ta t i on  i n  the l a t e r a l  

j o i n t  choke r  i n  posi t ions o f  f l ex ion  ( W i n d o w  1719, Fick 1911). 

3 d: Joint  Capsule 

The capsule consists o f  an outer f ibrous capsule and an inner synovial mem- 
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brane .  
i n t r a a r t i c u l a r  c a r t i l a g i n o u s  structures. 
cesses have been described by Lindblan (1938) and by Brant igan  and Voshel l  
( 1941 y. 

The la t ter  forms t h e  synov ia l  f l u i d  and thereby  nour i shes  p a r t  of t h e  
The synov ia l  c a v i t y  and its re- 

3 d 1: 
an outer one. 
The outer l a y e r  c o n s i s t s  of connec t ive - t i s sue  fibres from t h e  v a s t u s  medialis 
muscle and of t h e  medial p a t e l l a r  re t inaculum (Lanz and Wachsnuth 1938, Fig.  
187).  The i n n e r  l a y e r  may b e  d i v i d e d  i n t o  3 approximately e q u a l  p a r t s  (F ig .  

2) .  
middle t h i r d  of t h e  WL, t h e  p o s t e r i o r  t h i r d  of t h e  CMCL and i t s  i n t e r t w i n -  

ing  
Thus, t h e  latter two l i g a n e n t s  can  be cons ide red  f o r t i f i e d  strands i n  t h e  i n n e r  
l a y e r  of t h e  

The medial fibrous capsule i s  described as two l a y e r s ,  an i n n e r  and 
Between t h e  two t h e  a n t e r i o r  p a r t  of t h e  X L  s l ides  f r e e l y .  

The a n t e r i o r  t h i r d  is  made up of a t h i n  l a y e r  of c o l l a g e n  f i b r e s ,  t h e  

wi th  capsular f i b r e s  (Slocum and Larson 1968, Hughston and Eilers 1973).  

medial f ibrous capsule. 

3 d 2:  The lateral  f i b r o u s  c a p s u l e  h a s  only  one  l a y e r ,  v i z .  c o l l a g e n  f ibres  
from t h e  v a s t u s  la teral is  muscle i n t e r t w i n e d  wi th  t h e  i l i o t i b i a l  tract which 
i s  a palm-wide f o r t i f i c a t i o n  i n  t h e  fascia la ta  i n s e r t i n g  on t h e  tubercle 
of Gerdy (Fig.  3 ) .  
eral p a t e l l a r  re t inaculum (Lanz and Wachsmuth 1938, F ig .  189).  

As on t h e  medial s i d e  t h e r e  i s  i n t e r t w i n i n g  wi th  t h e  lat-  

The i l i o t i b i a l  tract also sends  f ibres  t o  t h e  lateral condyle  of t h e  
femur j u s t  p roximal ly  t o  t h e  lateral  ep icondyle .  
ate f i b r e s  from t h e  lat ter t o  t h e  tubercle of Gerdy, t h i s  p a r t  of t h e  ilio- 
t i b i a 1  tract acts as an accesso ry  l igament  on t h e  lateral  a s p e c t  of t h e  knee 
(Kaplan 1958) (F ig .  3 ) .  The medial and lateral  c a p s u l e s  of t h e  knee j o i n t  
act as p a r t  of i t s  ex tenso r  appa ra tus .  

By v i r t u e  of strong, arcu- 

3 d 3: 
s t rengthened  p o s t e r a n e d i a l l y  by t h e  tendon of t h e  semimenbranosus muscle 
which, a f t e r  d i v i d i n g ,  sends  across t h e  p o s t e r i o r  surface of t h e  j o i n t  a 
p a r t  forming t h e  o b l i q u e  p o p l i t e a l  l igament .  A t  t h e  p o s t e r o l a t e r a l  site, 
t h i s  l i g a n e n t  mixes wi th  f ibres  from t h e  deeper  arcuate l i g a n e n t .  

The p o s t e r i o r  c a p s u l e  of t h e  knee  j o i n t  i s  very  s t rong .  I t  i s  

Funct ion:  I n  ex tens ion  t h e  p o s t e r i o r  capsule t i g h t e n s ,  w h i l e  i t  
s l ackens  i n  f l e x i o n ,  i n c r e a s i n g l y  wi th  i t s  degree .  I t  a f f o r d s  no  r e s i s t a n c e  
t o  d i sp lacemen t s  i n  t h e  a n t e r o p o s t e r i o r  d i r e c t i o n '  i n  normal 90' f l e x e d  knees  
(Palmer 1938, Hallkn and Lindahl  1965 a ) .  
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3 e: Muscles 

The muscles and tendons  which p a s s  t h e  knee  j o i n t  e x e r t  a s t c b i l i z i n g  e f f e c t  

upon it .  
femor i s  muscle, i ts  tendon, t h e  p a t e l l a ,  t h e  medial and lateral p a t e l l a r  re- 
t i n o c u l a ,  and t h e  i n f e r i o r  p a t e l l a r  l i g a n e n t .  

The ex tenso r  a p p a r a t u s  of t h e  knee  j o i n t  c o n s i s t s  of t h e  quadr iceps  

Function: The ex tenso r  a p p a r a t u s  carries out knee  ex tens ion  r i g h t  t o  

t h e  f i n a l  phase  i n  which t h e  knee  is locked  by an e x t e r n a l  r o t a t i o n  of t h e  

t i b i a  i n  r e l a t i o n  t o  t h e  femur, t h e  so-called " f i n a l  
sup ina t ion"  (Barne t t  1944, Last 1948).  The f i n a l  s u p i n a t i o n  m o u n t s  t o  5' 
dur ing  t h e  last 10' of ex tens ion  (Fick 1911) .  

r o t a t i o n "  or t h e  " f ina l  

The sartorius, g r o c i l i s ,  and semi tendinosus  muscles, which i n s e r t  i n  

t h e  p e s  a n s e r i n u s  (F ig .  2 )  belong t o  t h e  f l e x o r s  of t h e  knee (mainly t h e  
semi tendinosus) .  

a g a i n s t  e x t e r n a l  r o t a t i o n  (mainly t h e  sartorius and g r o c i l i s ) .  

i n c r e a s e s  wi th  f l e x i o n  of t h e  knee  and wi th  e x t e r n a l  r o t a t i o n  of t h e  t i b i a  

i n  r e l a t i o n  t o  t h e  femur, t h e  so-ca l led  'hind-up e f f e c t "  (Noyes and Sonstegard 
1973).  

They are a l s o  i n t e r n a l  rotators - and as such stcbil ize 
The e f f e c t  

The semimenbranosus m u s c l e  i n s e r t s  p o s t e r a n e d i a l l y  on t h e  knee j o i n t  

by a very  s t r o n g  tendon d i v i d e d  i n t o  s e v e r a l  b ranches :  a d i r e c t ,  v e r t i c a l  

one on t h e  medial tibia1 condyle  (Kaplan 1957),  a branch cu rv ing  f r a n  i t  
forward benea th  t h e  p e s  a n s e r i n u s  and SMCL, a t h i r d  one cu rv ing  backward i n  

t h e  f a s c i a  o v e r l y i n g  t h e  p o p l i t e a l  muscle, and l a s t l y  a branch cu rv ing  up- 

ward-backward i n  t h e  form of t h e  o b l i q u e  p o p l i t e a l  l i g u n e n t .  

i n s e r t i o n  of t h i s  m u s c l e  g r e a t l y  s t r e n g t h e n s  t h e  f i b r o u s  c a p s u l e  of t h e  knee 

j o i n t  p o s t e r i o r l y .  

capsule by i t s  i n s e r t i o n  i n t o  t h i s  capsu le ,  t h e  LM, and t h e  arcuate pop l i t eo l  

l i g a n e n t  (Last 1950).  tendon, which i n s e r t s  

on t h e  lateral  ep icondyle  of t h e  femur, also h a s  a r o t a t o r y  func t ion ,  r o t a t -  

i n g  t h e  t i b i a  inward (Las t  1950).  On t h e  p o s t e r i o r  a s p e c t  of t h e  knee there  

are t h e  o r i g i n s  of t h e  medial and lateral gas t rocnemi i  and t h e  p l a n t a r  muscle. 

On t h e  lateral side t h e  b i c e p s  femoris i n s e r t s  on t h e  head of t h e  f i b u l a .  

The v a s t u s  la teral is  and t h e  ove r ly ing  

a l r eady .  
f l e x i o n .  

(Koplan 1958).  

Thus, t h e  

The p o p l i t e a l  muscle s t r e n g t h e n s  t h e  p o s t e r o - l a t e r a l  

The plump part of t h e  p o p l i t e a l  

i l i o t i b i a l  troct have been mentioned 

The b i c e p s  i s  a knee  f l e x o r  and e x t e r n a l  r o t a t o r ,  e s p e c i a l l y  i n  

The i l i o t i b i a l  tract i s  p r i m a r i l y  a s t c l b i l i z e r  of t h e  knee j o i n t  
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3 f :  Inne rva t ion  of t h e  Knee J o i n t  and Comnents on I t s  A c t i v e  and P a s s i v e  

S t c b i l i z e r s  

In t h e  

(1956) has  demonstrated ne rve  endings  presumably concerned wi th  p ropr iocep t ive ,  

a f f e r e n t  impulses and which record  t h e  p o s i t i o n  of t h e  j o i n t .  

c o r p u s c l e s  i n  t h e  capsule presumcbly record d e c e l e r a t i o n  and a c c e l e r a t i o n  i n  

t h e  j o i n t .  

Adrian (1943) h a s  demonstrated cerebellar areas having a f u n c t i o n  i n  regulat- 
ing  s y n e r g i s t s  and a n t a g o n i s t s  as w e l l  as muscle t o n e  around t h e  knee  j o i n t .  

The t h r e e  s t u d i e s  j u s t  mentioned were performed 

cruciate l i g a n e n t s  and i n  t h e  medial  collateral  l i g a n e n t  Skoglund 

Vater -Pac in i - l ikd  

Skoglund's f i n d i n g s  have been confirmed by Freeman and Wyke (1967). 

on decerebrate cats. 
Kennedy e t  01. (1974), s tudying  t h e  course of t h e  ne rve  f i b r e s  i n  t h e  

a n t e r i o r  cruciate l i g a n e n t  i n  man, found t h e  l i g a n e n t  t o  be a multifascicular 
structure wi th  l o o s e r  connec t ive  tissue i n  between t h e  f a s c i c l e s .  In  t h e  

loose connec t ive  tissue they  found v e s s e l s  and ne rves  i n  c l o s e  r e l a t i o n  t o  
eoch o the r ,  i n d i c a t i n g  t h a t  t h e  ne rve  branches  might have 
t i o n .  

conveying impulses  such as pa in  from t h e  cruciate l i g a n e n t s .  
been p o s s i b l e  t o  demonst ra te  t h e  pas sage  of impulses  through t h e  e n t i r e  r e f l e x  

arc. h a s  g o t  closest t o  demon- 

s t r a t i n g  such a passage  of impulses by electromyographic s t u d i e s  us ing  l i g a -  

mentous s t i m u l a t i o n  du r ing  o p e r a t i o n s  on man. 

a vasomotor func- 

However, t h e r e  were also ne rve  branches  s i t u a t e d  s e p a r a t e l y  , presumcfily 

I t  h a s  n o t  y e t  

Palmer (1958) i s  presumably t h e  worker who 

The ne rve  supply of t h e  l i gcmen t s  i n f l u e n c e s  t h e  way i n  which a p a r t i a l l y  

rup tu red  l igament ,  a so-called p a s s i v e  stcbilizer, i s  p r o t e c t e d  by t h e  pa- 
t i e n t ' s  own, a c t i v e  m u s c u l a r  stabilizers, both  du r ing  an exan ina t ion  and du r ing  

a f u r t h e r  stress. 

etic cha in"  described by Payr (1927) t h a t  i n t r a l i g m e n t o u s  nerve  f i b r e s  are 
demonstrcble.  And t h e r e  i s  then  an explana t ion ,  v i z .  t h e  r e f l e x  arc, of t h e  

almost s p a s t i c  c o n d i t i o n  of t h e  muscles surrounding t h e  knee  i n  case of par -  

t ial  l i g m e n t o u s  r u p t u r e  - and t h e  s t r i k i n g  absence  of t h i s  c o n d i t i o n  i n  total  
l igamentous  rup tu re ,  as demonstrated by Palmer (1938).  

I t  i s  of d e c i s i v e  importance t o  t h e  f u n c t i o n  of t h e  "kin- 
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Chapter 4 

PRESENT ANATOMICAL STUDIES 

These i n v e s t i g a t i o n s  were performed on 13 f r e s h  and 75 macerated human knee 

j o i n t  p r e p o r a t i o n s  ( 1 ) .  

studies') of t h e  gonylaxaneter ,  as Kennedy and Fowler 's  (1971) i d e n t i f i c a t i o n  

of t h e  t i b i a l  condyles  on t h e  la teral  view seemed i n s u f f i c i e n t .  

i n t e r c o n d y l a r i s  t ibiae wi th  t h e  m e d i a l  and lateral  tubercles of t h e  in te rcon-  
d y l a r  eminence appeared t o  c o n s t i t u t e  a p p l i c a b l e  landmarks. 

of these structures i n t o  t h e  p o s t e r i o r  s u r f a c e s  of t h e  t i b i a l  condy les  render- 

ed p o s s i b l e  an i d e n t i f i c a t i o n  of t h e  con tour s  of t h e  lateral  and medial t i b i a l  

condyles  on lateral  films ( 1 ) .  

They were s t a r t e d  s h o r t l y  a f t e r  t h e  f i r s t  p i l o t  

The area 

The t r a n s i t i o n  

The media l  t u b e r c l e  starts ascending  f a r t h e r  a n t e r i o r l y  than  does t h e  
lateral tubercle, and as a rule i t  i s  taller. I t  h a s  only  one pedc from 
which t h e  p o s t e r i o r  wall s l o p e s  s t e e p l y  downwards, towards t h e  deep area 
i n t e r c o n d y l a r i s  p o s t e r i o r  and towards t h e  medial t i b i a l  condyle,  reaching  i t s  
h o r i z o n t a l  s u r f a c e  f a r  a n t e r i o r l y  t o  t h e  p o s t e r i o r  condylar  edge. The lat-  
eral t u b e r c l e  u s u a l l y  h a s  two peaks  and proceeds,  i n  on even curve,  i n t o  t h e  

p o s t e r i o r  s u r f a c e  o f  t h e  lateral t i b i a l  condyle.  T h i s  arcuate, b i p h a s i c  

contour  is w e l l - s u i t e d  f o r  i d e n t i f y i n g  t h e  lateral t i b i a l  condyle  on t h e  f i lm  

( l ) ,  also dur ing  r o t a t i o n  ( 2 ) .  

d y l e  p r e s e n t s  i t s e l f  as a s l i g h t l y  concave contour .  

The p o s t e r i o r  p a r t  of t h e  medial t i b i a l  con- 

The d e s c r i p t i o n  of t h e s e  structures i s  most impor tan t  t o  t h e  measuring 

method of gony laxmet ry .  

P e r u s a l  of t h e  ana tomica l  textbooks,  however, d i s c l o s e d  d i v e r g e n t  de- 

s c r i p t i o n s  of t h e  area i n t e r c o n d y l a r i s  by Hani l ton  (1956),  Gray (1962), 

Hollinshead (1964), F r a z e r  (1969, Cunninghan (1972), and Long and Wachsmuth 

(1972).  Therefore,  f u r t h e r  studies were conducted. The most d e t a i l e d  of t he  

earlier s t u d i e s ,  t h o s e  of Robert (1855) and Pa r sons  (1906), had no t  found 

t h e i r  way i n t o  t h e  tex tbooks .  

The f i r s t  of t h e  p r e s e n t  s t u d i e s  (1) showed t h a t  t h e  area could b e  

sub-divided i n t o  15 p a r t s ,  and i t  showed a l s o  t h a t  f o r  eoch i n s e r t i o n  of t h e  
cruciate l i g m e n t s  and menisci ,and f o r  o t h e r  s o f t - t i s s u e  a t tachments ,  t h e r e  

i s  a cor responding  bony surface structure which i s  also i d e n t i f i o b l e  on 

macerated bone p r e p a r a t i o n s .  
which articulate on ly  wi th  t h e  meniscol horns,  were d e s c r i b e d  f o r  t h e  f i r s t  

time. 

+) These p i l o t  studies w i l l  n o t  b e  f u r t h e r  mentioned he re .  

C e r t a i n  mal l  areas l i n e d  wi th  t h i n  c a r t i l a g e ,  

An accurate knowledge of t h e  v a r i o u s  areas of i n s e r t i o n  may be of 

They were condvct- 
be desc r ibed  below. ed before t h e  i n v e s t i g a t i o n s  o f  100  normal subjects t o  
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d i a g n o s t i c  importance when t h e  r ad iog raphs  of t h e  knee  j o i n t  show i n t r a a r t i -  
cular a v u l s i o n s  of bone. 
t h i s  n a t u r e  were cons ide red  to  c o n t r a - i n d i c a t e  stress radiogrophy ( v i d e  i n f r a )  

In  t h e  p r e s e n t  i n v e s t i g a t i o n s  c e r t a i n  f i n d i n g s  of 

I t  h a s  o f t e n  been stated t h a t  t h e  PCL i s  s t r o n g e r  than  t h e  K L ,  e.g.  
by Humphry (1858).  
one  o r  two s t r o n g  re inforcement  bands from t h e  meniscus, t h e  l i g m e n t i  men- 
isci lateralis. I t  h a s  been demonstrated by t h e  p r e s e n t  au tho r ,  u s ing  can- 
p u t e r i z e d  p lan imet ry ,  t h a t  t h e  c i rcumference  of t h e  PCL d i s t a l l y  i s  i n  t h e  
sane  order as t h e  d i s t a l  p a r t  of t h e  E L ,  t h e  i n s e r t i o n  areas on t h e  t i b i a  
being, on t h e  average, e q u a l l y  large ( 1 ) .  T h i s  i s  ano the r  f i n d i n g  which h a s  
n o t  been reported previous ly .  

T h i s  i s  because t h e  PCL, a t  t h e  l e v e l  of t h e  LMIreceives 



- 36 - 

Chapter 5 

PRESENT STRESS RADIOGRAPHIC 
STUDIES: METHOD 

5 a: In t roduc t ion  

The l a x i t y  or s t a b i l i t y  to  be measured by gonylaxometry b e a r s  r e l a t i o n  t o  the 

structure of t h e  i n t a c t  l i gamen t s  ( c f .  Chap te r  3 b ) .  Under normal cond i t ions  

t h e  l i gamen t s  posses s  a c e r t a i n  l a x i t y  i n  a l l  p o s i t i o n s  except  f u l l  extension. 

G r e a t  force is  requ i r ed  f o r  s t r e t c h i n g  t h e  l i g a n e n t s  beyond t h e i r  normal length, 

and i t  l e a v e s  permanent deformat ion .  

r e v e r s e  concept  " s t i f f n e s s "  a t  t h e  bredc ing  p o i n t  i s  no t  c l i n i c a l l y  r e l evan t  

and n o t  in tended  i n  t h e  g o n y l o x m e t r i c  method. 

In  measurements on i n j u r e d  knees,  it i s  impor tan t  t o  avoid  t e a r i n g  

Measurement of a deformat ion  rate o r  the 

f i b r e s  which are s t i l l  i n t a c t ,  and t h e r e f o r e  f a i r l y  l i t t l e  force i s  appl ied .  

5 b: D e f i n i t i o n s  

The knee is extended i n  t h e  p o s i t i o n  i n  which t h e r e  i s  r e s i s t a n c e  t o  f u r t h e r  

ex tens ion .  T h i s  a p p l i e s  t o  un in ju red  knees.  An i n j u r e d  knee  h a s  t o  be can- 

pared  wi th  t h e  c o n t r a l a t e r a l  knee. 

by t h e  a n g l e  between t h e  femur and t h e  t ibia .  
A l l  o t h e r  p o s i t i o n s  w i l l  be des igna ted  

Ex te rna l  r o t a t i o n  i n  t h e  knee  j o i n t  s i g n i f i e s  e x t e r n a l  r o t a t i o n  of the 

t i b i a  i n  r e l a t i o n  to  t h e  femur on a l o n g i t u d i n a l  a x i s  through t h e  t i b i a  
through t h e  medial t u b e r c l e  ( a c c u r a t e  p o s i t i o n  n o t  s t a t e d ) .  

may also b e  called sup ina t ion  i n  t h e  knee  j o i n t .  

Th i s  movement 

I n t e r n a l  r o t a t i o n  i n  t h e  knee j o i n t ,  i n  analogy, s i g n i f i e s  an inward 

t u r n i n g  of t h e  t i b i a  i n  r e l a t i o n  t o  t h e  femur and may also be c a l l e d  prono- 

t i o n .  

Th i s  nomenclature i s  i n  accordance wi th  Meyer (1853), Ross (1932), and 

Hall&n and Lindahl  (1965 a, b ) .  

Total l igament  r u p t u r e  is tdcen  t o  mean t h a t  a l l  f i b r e s  of t h e  l i ga -  

ment are t o r n  and d i s p l a c e d  from each o t h e r .  

l igament  s e p a r a t e l y .  Thus, each of t h e  t h r e e  medial collateral l i g u n e n t s  

i s  cons idered  a u n i t .  I f  some of t h e  c o l l a g e n  f i b r e s  of t h e  l i g a n e n t  are 

i n t a c t ,  t h e  r u p t u r e  i s  des igna ted  p a r t i a l .  

The term c p p l i e s  t o  each 

Medial i n s t o b i l i t y  s i g n i f i e s  l a x i t y  and a p o s s i b i l i t y  of rocking  move- 
ments, t h e  t ib ia  be ing  movable f a r t h e r  l a t e r a l l y  than  ~ o r m a l  i n  r e l a t i o n  

t o  t h e  femur, v i z .  i n s t o b i l i t y  on t h e  medial s i d e  of t h e  knee  ( v a l g u s  instab- 
i l i t y ,  &duct ion  i n s t a b i l i t y ) .  In  t h e  p r e s e n t  s tudy  t h i s  phenomenon was 01- 
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ways measured s t a r t i n g  at  an  a n g l e  of 160' 

The space, parameter c, on t h e  a-p rad iograph  i s  d e f i n e d  h e r e  as medial in-  
s t c b i l i t y  (F ig .  9).  

between t h e  f e m u r  and t ibia.  

Lateral i n s t a b i l i t y ,  cor respondingly ,  s i g n i f i e s  an inc reased  p a s s i b i l i t y  

Th i s  of rocking  movements because of l a x i t y  on t h e  lateral  s i d e  of t h e  j o i n t .  

means an inc reased  p o s s i b i l i t y  of moving t h e  t i b i a  inward i n  r e l a t i o n  t o  t h e  

f emur  ( v a r u s  or adduct ion  i n s t c b i l i t y ) .  

are as desc r ibed  above. Here, p a r a n e t e r  d i s  d e f i n e d  as lateral  i n s t c b i l i t y  

(F ig .  9 ) .  

The s t a r t i n g  p o s i t i o n  and measurements 

An te r io r  drawer s i g n  s i g n i f i e s  a p o s s i b i l i t y  of moving t h e  t i b i a  far- 
t h e r  forward than  normal i n  r e l a t i o n  t o  t h e  femoral condyles ,  t h e  s t a r t i n g  

p o i n t  be ing  a n e u t r a l  p o s i t i o n  of t h e  foot and PO0 f l e x i o n  i n  t h e  knee ( v i d e  

i n f r a ) .  The measurements are done on t h e  lateral  rad iograph .  
P o s t e r i o r  drawer s ign ,  cor respondingly ,  s i g n i f i e s  a p o s s i b i l i t y  of mov- 

i n g  t h e  t i b i a l  condy les  backward more than  normal i n  r e l a t i o n  t o  t h e  femora l  

condyles .  Same s t a r t i n g  p o s i t i o n .  

Forward or backward movement of t h e  t i b i a l  condy les  w i t h i n  t h e  range  
of normal i s  c a l l e d  merely d isp lacement .  This  term w i l l  also b e  p r e f e r r e d  

f o r  cbnormally marked s h i f t s  when t h e  s t a r t i n g  p o s i t i o n  i s  d i f f e r e n t  from 

n e u t r a l  p o s i t i o n  of t h e  f o o t  and 90° f l e x i o n  of t h e  knee.  

DEFINITIONS IN RELATION TO ROTATIOW IN THE KNEE JOINT: 

Movements of r o t a t i o n  are p o s s i b l e  i n  any p o s i t i o n  of knee f l e x i o n ,  and t h e  

range of t h e  total  r o t a t i o n  depends upon t h e  d e g r e e  of f l e x i o n .  

Rota tory  i n s t a b i l i t y  i s  de f ined  as a p o s s i b i l i t y  of r o t a t i o n  which 

exceeds  t h e  normal l i m i t  t o  r o t a t i o n  ( i n t e r n a l  or e x t e r n a l )  i n  t h e  knee 

j o i n t  a t  t h e  g iven  degree  of f l e x i o n  i n  t h e  j o i n t .  

Simple r o t a t o r y  i n s t c b i l i t y  i s  t&en  to  b e  an abnormally marked rota- 
t i o n  wi thout  t h e  co -ex i s t ence  of a drawer s i g n .  

Complex r o t a t o r y  i n s t c b i l i t y  is taken  t o  be r o t a t i o n  co -ex i s t ing  wi th  

a drawer s ign ,  i . e .  a very  pronounced and also unequal d i sp lacement  of bo th  

t i b i a l  condyles .  

The term complex i n s t a b i l i t y  w i l l  be used i n  t h i s  pcper  only  t o  
f y  r o t a t o r y  i n s t c b i l i t i e s  examined i n  90' f l e x i o n  of t h e  knee, and thereby  

t h e  d e f i n i t i o n  d i f f e r s  from t h a t  of Nicholas  (1973 a )  (F ig .  1 ) .  
Anteromedial complex r o t a t o r y  i n s t c b i l i t y  is  p resen t ,  on t r a c t i o n  on 

t h e  t i b i a ,  when both  t i b i a l  condy les  move so f a r  t h a t  t h e r e  i s  an a n t e r i o r  

drawer s i g n  as well as e x t r a  a n t e r i o r  displocement of t h e  medial t i b i a l  con- 

d y l e  i n  r e l a t i o n  t o  t h e  This  g i v e s  rise t o  e x t e r n a l  r o t a t i o n .  

s i g n i -  

lateral one. 
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A n t e r o l a t e r a l  complex r o t a t o r y  i n s t a b i l i t y :  An te r io r  drawer s i g n  p l u s  
an e x t r a  a n t e r i o r  d i sp lacement  of t h e  lateral t i b i a l  condyle  ( i n t e r n a l  rota- 
t i o n ) .  

Pos te romedia l  and p o s t e r o l a t e r a l  conplex  r o t a t o r y  i n s t a b i l i t y :  

t e r i o r  drawer s i g n  p l u s  a f u r t h e r  backward movement of t h e  medial or later- 
a l  t i b i a l  condyle.  

Pos- 

5 c: The Gonylaxometer and S e l e c t i o n  of t h e  Force  Applied 

5 c 1: ADDaratus:  

This  i s  an appa ra tus  f o r  a p p l i c a t i o n  of f o r c e s  t o  t h e  lower limb, n o t  a 
measuring appa ra tus  pe r  se. 

o t h e r  e x t e r n a l l y  f a s t e n e d  appara tuses :  A s h i f t  of t h e  s o f t  t i s s u e s ,  espe- 

c i a l l y  t h e  femoral muscles, subcutaneous tissue, and s k i n  beneath t h e  fast- 
en ing  app l i ances ,  and t h i s  would m&e i t  imposs ib l e  t o  read wi th  accuracy 

d i sp lacemen t s  i n  t h e  knee  j o i n t .  Therefore ,  i t  i s  equipped wi th  cassette 
h o l d e r s  for X-ray f i l m s  and operates i n  combination wi th  an X-ray t u b e  sus-  
pended from t h e  c e i l i n g ,  and t h e  actual r ead ing  of knee s t a b i l i t y  i s  made 
on t h e  X-ray f i l m s  after exposure (3) .  

A s  such i t  would have t h e  some drawbacks as 

The appa ra tus  (Fig.  6) i s  mounted on a steel frame wi th  an aluminium 
f l o o r  and f o u r  wheels.  

lowered t o  adapt  t o  t h e  lower-leg l e n g t h  i n  a person  p laced  wi th  90' f l e x e d  

knees  f o r  a n t e r i o r  or posterior stress upon t h e  lower limb. 
i s  f i t t e d  wi th  a d e n t a l  c h a i r  f o r  t h e  p a t i e n t  t o  sit i n .  

m&es i t  p o s s i b l e  t o  raise and lower t h e  c h a i r ,  rotate it, and move i t  an- 

t e r i o r l y  or p o s t e r i o r l y  - also t o  adap t  t o  t h e  p e r s o n ' s  dimensions.  

o r l y  on t h e  seat t h e r e  are s e m i c y l i n d i i c a l ,  cup-shaped steel t h i g h  suppor t s  

w i th  o r i g i d  canvas  c u f f  and an  i n f l a t a b l e  cuff (F ig .  6). 
tween t h e  t h i g h s  t h e r e  are cassette h o l d e r s  fo r  X-ray f i l m s .  

t h e  t r o l l e y  h a s  a c o n t r o l  pane l  wi th  hand les  f o r  gu id ing  t h e  v a r i o u s  a c t i o n s ,  

a regulator va lve  f o r  c o n t r o l l i n g  t h e  p re s su re ,  and a manometer. 
pane l  h a s  an e l e c t r i c a l l y  ope ra t ed  hydrau l i c  pump which o p e r a t e s  t h r e e  o i l  

p r e s s u r e  c y l i n d e r s .  Two of t h e  la t ter  o p e r a t e  s l i d e s  on b a l l  bearings, con- 

t r o l l e d  by ra i l s  i n  t h e  pane l ,  mounted wi th  f a s t e n i n g  gear and b o o t s  in tend-  

ed f o r  va lgus  and va rus  stress upon t h e  p a t i e n t ' s  legs (Fig .  6). The la t ter  
t o o  can  b e  a d j u s t e d  t o  d i f f e r e n t  lower-leg l e n g t h s .  
mounted on rails, so t h a t  

r i g h t  or l e f t  knee. A t  t h i s  s i t e  i t  i s  to  act upon t h e  proximal end of t h e  

t i b i a ,  by t r a c t i o n ,  f o r  measuring a n t e r i o r  s t a b i l i t y  or by p r e s s u r e  i n  meas- 
u r ing  p o s t e r i o r  s t a b i l i t y .  

i n d e r  by a p i s t o n  rod and by boots on t h e  f l o o r .  

The c e n t r a l  p a r t  of t h e  f l o o r  c a n  b e  raised and 

This  t r o l l e y  

The arrangement 

Anter i -  

Beneath and be- 
A n t e r i o r l y  

The 

The t h i r d  c y l i n d e r  i s  

it may b e  moved t o  be i n  f r o n t ,  of t h e  , p a t i e n t ' s  

F i x a t i o n  i s  by a canvas  c u f f  connected t o  t h e  cy l -  
A g rad ing  scale on t h e  f l o o r  
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Figure 6: The gonylaxometer with the pa t ien t  and X-ray tube i n  pos i t ion  

f o r  an exposure t o  v isua l i ze  medial and l a t e r a l  i n s t a b i l i t y .  

Note the cassette holder beneath the p a t i e n t ' s  knees. 

ind icates the pos i t i on  o f  the foot .  

that  the second metatarsal bone po in ts  forward i n  the d i rec t i on  of the troc- 

t i o n  or pressure, zero or  neut ra l  posit ion, or i n t o  various pos i t ions 

i n te rna l  o r  external ro ta t ion .  

Boot and foo t  can be f i xed  i n  the way 

of 

Let i t  be stressed tha t  the pressure generator i s  double-secured. A 

f i xed  pos i t i on  o f  a valve guided by a s tee l  spring prevents the pressure i n  

the cy l inder  from exceeding 30 ki lopond (kp). 
be released u n t i l  two e l e c t r i c  switches have been turned on, both of them 

interposed only f o r  safety. 

manually operated regulator valve, and act ion i s  slowly exerted upon the j o i n t  

whi le  the operator i s  simultaneously r e d i n g  the pressure on the manometer. 

About h a l f  a minute passes u n t i l  the j o i n t  has reached i t s  extreme posi t ion.  

This i s  un l i ke  the sudden stress i n  other methods, e.g. tha t  o f  Morkolf e t  

01. (1978). 

Moreover, the pressure cannot 

Thereafter, the pressure i s  slowly raised by a 

The t rans i t i on  f rom taking l a t e r a l  views of one knee during t rac t i on  

and pressure and t o  the sane exposures o f  the other knee i s  f a c i l i t a t e d  by 

the f a c t  tha t  the en t i re  s tee l  frame can be raised and turned 180° on 

cent ra l  swivel foot. The ax is  o f  t h i s  swivel foo t  coincides w i th  tha t  of 

the v e r t i c a l  f i l m  cassette midway between the pa t i en t ' s  knees. 

i s  unnecessary t o  move the X-ray tube. 

a 

Thus, i t  
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5 c 2: 

When the method was developed, the fo l low ing  statements on the stress 

should be applied t o  the knee were avai lcb le :  

vocated a s t a t i c  t r a c t i o n  using weights over pul leys. 

act ions they used &out 1/8 o f  the subject 's  body weight, i .e .  9 - 10 kg 

f o r  adul ts  and presumclbly weights i n  the same order o f  magnitude f o r  t rac t i on  

and pressure upon the 90' f lexed knee. 

borne by the pu l ley  system. 

per m 

Discussion on se lect ing the force o f  the action: 

tha t  

Ouel le t  e t  01. (1968) had ad- 
For valgus and varus 

An unknown par t  o f  the weight i s  

Kennedy and Fowler (1971) used 244.74 k i ld lewton 
2 2 2 2 (kN/m ), which i s  35152 kp/m o r  -3.5 kp per cm . 

they do not s ta te  the dianeter of the gas cylinders, the 

unknown. 

I n  the gonylaxmeter the cross section area o f  the 

For odduction and equal t o  the lumen of the cy l inder .  
e 

Since, however, 

f i n a l  pressure i s  

2 p is ton  i s  1 cm , 
clbduction the pres- 

sure i n  the cy l inder  i s  9 kg per cmL, equivalent t o  the t o t a l  pressure of the 
p i s ton  a t  i t s  ta rge t  po int .  

monometer. 

patient, cf.  (3) ,  (4), and Addendum I. I n  t h i s  exanination there i s  a rota- 

to ry  moment of force (lower-leg length x the force applied), but  a lso a loss 

of force i n  the foo t  fastening gear. 

values are constant f r o m  one examination t o  another. 

or stress upon the 90' f lexed knee there i s  no ro ta to ry  moment of force, the 

po in t  o f  oct ion being the middle o f  the head 

d i rec t i on  o f  the force. 

f a i r l y  small persons, l a t e r  increased t o  30 kp, as t h i s  proved necessary t o  

overcome the resistance o f  the quadriceps, biceps, and pes anserinus muscles 

i n  muscular persons (3), (4 ) .  Thus, the obduction and odduction pressure 

corresponds opproximately t o  the s t a t i c  pressure used by Ouellet e t  01. (1968), 

the po in t  of act ion being the sane. 

This i s  the pressure which i s  read f r o m  the 

If greater force i s  used, the pressure i s  uncomfortcble f o r  the 

I n  the same person, however, these 

On anter ior  or posteri- 

of the t i b i o  s t ra igh t  i n  the 

The force i s  tha t  read f rom the manometer: 20 kp i n  

I n  the gonylaxometer the an ter io r  and poster ior  stress appears t o  be 

somewhat higher than i n  Oue l le t ' s  (1968) as w e l l  as i n  Kennedy and Fowler's 

(1971) methods. 

weight. 

I n  a person weighing 60 kg 20 kp i s  3.27 N per kg body 

A t  a 30 kp action: 4.01 N per kg body weight, c f .  Addendum I, p. 

These loads may be compared t o  those maximally to lerated i n  animal 

experiments. Noyes e t  al. (1974) used rhesbs monkeys. In  experiments on 

t h e i r  K L s  i n  s i t u  the maximum load a t  the y i e l d  po in t  was &out 100 kp, 

equal t o  981 N o r  124.18 N per kg body weight. 

s t ra ted that  i n  the rhesus monkeys the CL are stronger than i n  man. 

had a sectional area 2.3 times tha t  i n  man per kg body weight, and the 

Noyes and Grood (1976) demon- 

They 
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strength o f  the l iganent per area u n i t  was &out twice tha t  i n  young people. 

Neverthless, the force applied i n  the gonylaxometer i s  f a r  below the permis- 

s i b l e  pe& loads. I n  Scandinavia A l m  e t  01. (1974) demonstrated a mean ten- 

s i l e  strength o f  the KL of  dogs o f  59.4 N per kg body weight. The strength 

decreased upon simultaneous r o t a t i o n  o f  the t i b i a  i n  r e l a t i o n  t o  the femur. 

Kennedy e t  01. (1976) tested l iganents of human cadavers (age unknown) d is -  

sected f ran  t h e i r  bony attachments, which must be presumed t o  have reduced 

t h e i r  t e n s i l e  strength. 

time o f  rupture &out 50 kp f o r  the  K L  and &out 50 kp f o r  the SKL, 100 

kp f o r  the PCL. 

They found the  fo l lowing t o t a l  strengths: Load a t  

5 d: Radiographic Technique 

5 d 1: 
r a i l s  i n  the ce i l i ng .  

i n c l i n a t i o n  can be r e d  on a scale. The distance f r a n  the f i l m  cassette t o  

the outer f i l t e r  o f  the tube i s  kept constant, 1 m, the distance t o  the 

centre of the rad ia t ion  source &out 1.25 m. 

r ight  angles t o  the cassette. 

Set-up: The rad ia t ion  source i s  a telescope-suspended X-ray tube on 

Further, the tube can be rotated and t i l ted, and i t s  

The cent ra l  bean i s  always a t  

Cassettes wi th  a ras te r  are used. 

5 d 1.2: Exposure: The exposures are done using &out 50-60 kV and 60 d s ,  
exposure times 0.16 t o  0.20 sec. 

tense experimental series reached 27 exposures per subject. 

trunk, and upper p a r t  o f  the th igh are always shielded. 

The n u d e r  o f  exposures i n  the most in- 

The gonads, 

5 d 1.3: 
j ec t s  i n  the anteroposterior and l a t e r a l  views by the a id  o f  short metal 

wires placed on the sk in  over various juxta-cutaneous bony praninences i n  

the knee j o i n t .  

those f a r  from the f i l m :  

1.1.1 = m (o r  a 10% magnif icat ion on the 

t i o n  i s  mode f o r  the magnification. 

tances measured d i rect  on the f i l m .  

Magnif icat ion on the f i l m  was measured by 21 measurements on sub- 

Bony par ts  close t o  the f i l m  show less  magnif icat ion than 

Range ( 2 1  measurements) 1.03 - 1.15, mean 1.08 
11 f i l m ) .  I n  t h i s  paper no correc- 

Thus the paraneters given are d i s -  

5 d 1.4: 

mode i n  two pos i t ions:  

(1) 

Posi t ion ing o f  the subject du i ing  measurement: Measurements were 

I n  measuring cbduction and odduction i n s t c b i l i t y  (medial and l a t e r a l  in-  

s t c b i l i t y  respect ive ly)  the knees are 20' f lexed. 

wi th anteroposterior d i rect i .on o f  the beam o f  both knees a t  the sane 

time. 

The exposure i s  mode 

The s ta r t i ng  posit ion, i n  which the knees are unloaded and fee l  



- 42 - 

re laxed ,  t h e  f e e t  5 

normal p o s i t i o n ,  i s  c a l l e d :  n e u t r a l  p o s i t i o n  160'. 
For measuring a n t e r c p o s t e r i o r  i n s t h i l i t y  t h e  knees  are 90' f l e x e d .  
The exposure i s  i n  t h e  lateromedial p r o j e c t i o n  of each knee  sepa ra t e -  

l y .  The s t a r t i n g  p o s i t i o n ,  w i th  t h e  foot r e s t i n g  on t h e  f l o o r  of t h e  
t r o l l e y  and wi th  t h e  p a t e l l a r  apex, t i b i a l  t u b e r o s i t y ,  and t h e  second 
metatarsal bone i n  a v e r t i c a l  p l a n e  through t h e  t i b i a l  a x i s ,  i s  ca l l ed :  
n e u t r a l  p o s i t i o n  90'. The second metatarsal bone p o i n t s  forward i n  the 
l o n g i t u d i n a l  d i r e c t i o n  of t h e  appa ra tus ,  i.e. i n  t h e  d i r e c t i o n  of 
t roc t i o n ,  

outward rotated i n  r e l a t i o n  t o  t h e  ana tomica l  

( 2 )  

In  measurements w i th  90' f l e x i o n  i n  t h e  knee and r o t a t i o n  i n  t h e  ankle 
j o i n t ,  t h e  r o t a t i o n  of t h e  f o o t  i s  g iven  i n  dmrees outward (15' and 30') or 
inward (30°) from t h e  p o s i t i o n  j u s t  de f ined .  
j u s t e d  and reproducible X-ray f i l m s .  

T h i s  p rov ides  a c c u r a t e l y  ad- 

I n  exanin ing  fo r  abduct ion  and adduct ion  i n s t h i l i t y ,  t h e  cassette hold 
wi th  t h e  f i l m  cassette (30 x 4 0  c m )  i s  p l aced  benea th  t h e  p a t i e n t ' s  knees 

(F ig .  6 )  and t h e  X-ray tube at  t h e  hove-mentioned distance above t h e  cassettc 
The t u b e  i s  tilted 10' i n  r e l a t i o n  t o  t h e  h o r i z o n t a l  p lane ,  l i k e  t h e  casse t te  
The c e n t r a l  bean, tilted 10' i n  r e l a t i o n  t o  t h e  v e r t i c a l  p lane ,  i s  at  r igh t  
angles t o  t h e  cassette and directed midway between t h e  p a t i e n t ' s  knees.  

by, t h e  t h i g h  and lower l e g  form a flat ,  isosceles t r i a n g l e  wi th  a v e r t i c a l  
a n g l e  of 160°, base  a n g l e s  of loo, and t h e  b a s e l i n e  at t h e  p l a n e  of t h e  cas- 

sette. 
b i s e c t o r  of t h e  v e r t i c a l  a n g l e  and i t s  d i r e c t i o n  i s  t h a t  of t h e  c e n t r a l  bean, 

I n  lateral  p r o j e c t i o n s  t o  detect a n t e r o p o s t e r i o r  i n s t a b i l i t y  or rota- 

Then 

The pe rpend icu la r  bisector t o  t h e  b a s e l i n e  i s  at t h e  sane t i m e  the  

t o r y  i n s t a b i l i t y  t h e  X-ray t u b e  i s  lowered t o  &out 60 c m  above t h e  f loo r ,  
t h e s e  exposures  be ing  m a d e  w i th  h o r i z o n t a l  bean. 
i s  p laced  midway between t h e  p a t i e n t ' s  knees. 
i n  r e l a t i o n  t o  t h e  knee  concerned, at r i g h t  a n g l e s  t o  t h e  cassette. 

set-up exposures  have t o  be m a d e  of each knee  s e p a r a t e l y  (F ig .  7). 
t i o n  of t h e  X-ray t u b e  may be maintained, t h e  gonylaxometer be ing  turned 
180' on t h e  c e n t r e  of t h e  cassette, by means of t h e  swive l  f o o t .  

A cassette of 24 x 30 crn 

The bean i s  latero-medial 
In  this 

The posi- 

5 d 2: Measurement of poraneters on t h e  X-ray f i l m s .  
Landmark s : 

Radiogrophic anatany. 

5 d 2.1: 
t h e  f i l m  on a h o r i z o n t a l  viewing box i l l u m i n a t e d  from below. 
p a r e n t  c e l l u l o i d  f i lms ,  w i th  
o t h e r ,  are p laced  on t o p  of t h e  X-ray f i l m  i n  r e l a t i o n  t o  f u r t h e r  def ined  

Measuring t echn ique  on t h e  f i l m s :  The measurement i s  made w i t h  
Two t r ans -  

t h i n  l i n e s  scored a t  r i g h t  a n g l e s  t o  each 
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Figure 7:  Piston shaft f o r  an ter io r  and poster ior  s t ress actions upon the 

head o f  the t i b i a .  The fastening c u f f  of the p is ton  shaft i s  

The subject i s  i n  the passed around the  proximal pa r t  o f  the lower leg .  

"neutral pos i t i on  90°" before the procedure 

0'. 
i s  started. Rotation o f  foo t  

The c u f f  around the th igh  has been in f l a ted .  

landmarks. 

(1) and (2 ) .  
These landmarks were f i xed  by radiographic-anatunical studies 

5 d 2.2: 

and 

s ional '  p i c tu re  of the three-dimensional cb j ec t .  

- The radiographic anatomy i s  described separately fo r  the l a t e r a l  

f o r  the a-p views, deal ing with the contours traced on the two-dimen- 

~- 

The contours on the l a t e r a l  view are traced on F ig.  8. The la rge  guid- 

ing  r i dge  f o r  the p a t e l l a  on the l a t e r a l  femoral condyle lends i t  a la rger  

contour , with the l i m i t i n g  groove located approximately i n  the middle. 

groove on the medial femoral condyle i s  seen more an te r io r l y  and proximally 

located, only 1/3 t o  1/4 down the curve. The l i m i t i n g  groQves are the best 

landmarks f o r  i d e n t i f y i n g  the femoral condyles. 

upon changing f rom la terunedia l  

The 

The appearances do not a l t e r  

t o  medioloteral beam or upon ro ta t i on  (2) .  
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F i g u r e  8: Contours  on t h e  lateral view o f  t h e  r i g h t  knee  
p o s i t i o n ,  u n l o d e d .  
socket  of t h e  t i b i a  i s  of a c o n s i d e r h l y  h i g h e r  s i t u a t i o n  than 

i n  t h e  n e u t r a l  
Note t h a t  i n  t h i s  case t h e  medial  a r t i c u l a r  

t h e  lateral  one. Brken 
l i n e s :  Lateral condyle  of femur, lateral condyle  of t ibia ,  lateral tubercle. 
S o l i d  l i n e s :  Medial condyles  of femur and t i b i a ,  medial  t u b e r c l e  of intercorr 
d y l a r  eminence, t i b i a l  t u b e r o s i t y ,  and t i b i a l  s h a f t .  Dash-and-dot l i n e s :  
D i s t a l l y :  P o s t e r i o r  margin of  i n t e r t u b e r c u l a r  crest of t h e  eminence continu- 
ing  i n  t h e  area i n t e r c o n d y l a r i s  p o s t e r i o r  of t h e  t i b i a .  

On t h e  r i g h t ,  g roph ic  p r e s e n t a t i o n  of t h e  con tour s :  

Proximally:  
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Femoral ar t icular  surface for the patella and the "roof" of t h e  fossa inter- 

condylaris femoris. 

soat ' s  l ine".  Small  c i rc les :  Fibula, Note how clearly the joint  i s  seen 

between t h e  la te ra l  t ib io l  condyle and t h e  
radiograph (and on the grophic. presentdtion) . 

On the la te ra l  view t h i s  l a t t e r  l i n e  i s  naned "Blumen- 

head of t h e  f ibula on t h i s  

Note t h e  landmarks: for the la te ra l  femoral condyle (limiting groove - 
Grenzrinne - sulcus condylopatellaris) around t h e  middle of i t s  curve, for 

the 
la te ra l  t ibia1 condyle the direct  junction w i t h  t h e  contour of t h e  l a te ra l  

tubercle . 

medial femoral condyle j u s t  af ter  the upper t h i r d  of the curve, for  t h e  
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The femoral a r t i c u l a r  surface f o r  the p a t e l l a  may be traced as a strong 

contour behind the proximal curves o f  the femoral condyles. 

of about 90°, i t  continues i n  a strong, s l i g h t l y  i r regu la r  contour representing 

the " roof"  o f  the fossa in tercondylar is  femoris. On the l a t e r a l  view the l a t t e  

contour i s  ca l led  Blumensaat's l i n e  (1938). 

angulation, i s  the landmark f o r  the most an ter io r  par t  o f  the o r i g i n  o f  the  

The poster ior  

o r i g i n  o f  the ACL ( 2 ) .  

v i s i b l e .  These three l i n e s  form Lud lo f f '  s t r i ang le  (1903). 

A f te r  an angulation 

I t s  an ter io r  point, the peak of 1 

angulation i s  the landmark f o r  the most poster ior  par t  o f  the 
Behind these contours the oss i f i ed  epiphyseal l i n e  i s  

The l a t e r a l  t i b i a l  condyle may be i d e n t i f i e d  by fo l lowing the l a t e r a l  

intercondylar tubercle which continues, f r o m  i t s  peck, backwards i n  an even- 

l y  convex arch, un l i ke  the medial tubercle which slopes steeply down backward 

from i t s  peck. The convex arch of the l a t e r a l  tubercle proceeds d i r e c t  i n to  

the poster ior  contour o f  the l a t e r a l  The contours 

of the socket of the l a t e r a l  condyle are one or  mare, s l i g h t l y  convex or hor i -  

zontal l i n e s  continuing pos ter io r ly  i n  a curve down i n t o  the poster ior  con- 

tour o f  the condyle which i s  more pointed and narrower than t h a t  o f  the medial 

one. 

condyle o f  the t i b i a  (1). 

The proximal pos ter io r  corner of the medial t i b i a l  condyle does not con- 

t inue  i n  the contour o f  the medial tubercle, but  i s  formed by the junct ion of 

the two arcuate contours o f  the cent ra l  and medial margins of the 

This po in t  i s  always i d e n t i f i o b l e  (po in t  B on Fig. 11). 
concave and more ret rover ted than the l a t e r a l  one, so tha t  i t s  an ter io r  part 

i s  a t  a higher leve l .  

the anter ior  d i rec t i on  r i g h t  t o  the beginning o f  the medial tubercle (point A 
on Fig. 11). The anterior, A, and posterior, B, po in ts  o f  t h i s  l i n e  serve as 

landmarks f o r  se t t ing  up a baseline, 91, on Fig. 11. On t h i s  l i n e  the para- 

meters on the l a t e r a l  f i l m  are measured. 

w e l l  as i n  ro ta t i on  the poster ior  arcuate contour tha t  can be traced f r o m  

the l a t e r a l  tubercle should be used as a landmark when measuring the  para- 

meters and so should the proximal 1 cm o f  the poster ior  arch o f  the medial 

condylar conteur. 

fo l low during ro ta t ion .  

socket. 

The medial socket is 

The long concave l i n e  can be traced from po in t  B i n  

I n  the "neutral pos i t i on  PO0" as 

The fact  i s  tha t  these two are the easiest contours t o  

On the anteroposterior f i l m s  i n  the ."160° posit ion' '  the femoral con- 

dyles always present each as a sharp convex contour, wel l -su i ted f o r  placing 

a connecting l ine,  "tangent" 11, Fig. 9, through the two d i s t a l  points. 

between, the fossa in tercondylar is  presents as a concavity. Approximately 

p a r a l l e l  with the concave arch o f  the fossa there i s  the arch of the in te r -  

In 
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Figure 9: Placing 

meters. Top: without load. Centre: abduction. Bottom: 

measuring l i n e s  on the a-p f i l m  and reading o f  para- 

dduc t ion .  The l a t e r a l  aspect o f  the j o i n t  i s  ind icated by the heod of 

the f ibu la .  From (4): Act0 Rodidogica, -Diagnosis 18 (1977) 113-125. - 

condylar eminence, biphasic i n  the great ma jor i t y  o f ,  cases, ‘the medial and 

l a t e r a l  tubercles being c lea r l y  dist inguishable. I n  a few cases, however, 

the two tubercles form on even convexity. As a rule, the  medial tuberc le  

is t a l l e r  (1) .  
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The t i b i a l  condyles  u s u a l l y  form two con tour s  each, t h e i r  margins - and 
t h e  landmarks s e l e c t e d  are t h e  d i s t a l  p o i n t s  on t h e  d i s t a l  con tour s .  

landmarks are employed f o r  p l ac ing  t h e  t angen t ,  12, on F ig .  9. 
t h e s e  p o i n t s  are on t h e  a n t e r i o r  edges because t h e  knee i s  f l e x e d  10' i n  re- 

l a t i o n  t o  t h e  c e n t r a l  beam. 

i n g  i n t o  t h e  j o i n t  s u r f a c e s .  

s u r f  ace, be ing  formed by dense  t r a b e c u l a r  fo rma t ions  subchondra l ly .  

a l l y ,  t h e  d i s t a l  p o i n t  of t h e  medial  t i b i a l  condyle  can  always be loca ted .  
I f  t h e  d i s t a l  p o i n t  on t h e  lateral  condyle  cannot be 

through t h e  c o r n e r  of t h e  socket  l a t e r a l l y .  

These 

A s  a rule, 

E x t r a  con tour s  may occur, the tubercles continu- 

Dense con tour s  may also be seen  beneath t h e  join 
Empiric- 

l o c a t e d ,  l2 is  placed 

The r ad iog raph ic  anatomy of t h e  c o r n e r s  of t h e  lateral and medial con- 

Therefore ,  special rules were needed f o r  placing d y l e s  i s  ext remely  v a r i e d .  

t h e s e  measuring l i n e s ,  l3 and 14, on Fig .  9. 
t o  12, t a n g e n t i a l l y  t o  t h e  most medial  p o i n t  

most lateral  p o i n t  of t h e  l a t e r a l  t i b i a l  condyle r e s p e c t i v e l y .  

media l ly  and laterally on t h e  t i b i a l  condyles  may be r e g u l a r  as i n  F ig .  
bu t  t h e y  may also b e i r r e g u l a r  as shown i n  Fig.  10: Ins t ead  of a rch ing  direct 

i n t o  t h e  outermost po in t  of t h e  condyle,  t h e  c a r t i l o g e - l i n e d  
may be  sepa ra t ed  from it at i t s  edge by a small i n c i s u r e .  

p laced  at  t h e  i n c i s u r e  or at t h e  most prominent po in t  j u s t  proximal t o  i t .  
In p l ac ing  t h e  l i n e s ,  no regard  i s  pa id  t o  os teophytes ,  i f  p re sen t  (4 ) .  

They are p laced  at  a r i g h t  arglt 

of t h e  medial t i b i a l  condyle onc 

The contours 

9 ,  

j o i n t  sur face  

I f  so, l3 o r  l4 is  

5 d 2.3: 
d i s t a n c e  a, c u t  o f f  on l3 and d i s t a n c e  b on l4 apply ing  t o  t h e  unloaded knee 

j o i n t  i n  " n e u t r a l .  p o s i t i o n  160°". l3 dur ing  valgus 

stress and d i s t a n c e  d on l4 dur ing  va rus  stress ( 3 ,  4).  
i n s t a b i l i t y  or "medial i n s t a b i l i t y "  may be expressed ,  as sugges ted  by Kennedy 

and Fowler (1971) : C-a and adduct ion  i n s t a b i l i t y  or "lateral i n s t a b i l i t y " :  

d-b f o r  each lower l imb s e p a r a t e l y .  Another p o s s i b i l i t y  ( 3 ,  4, 5 ,  6, 7) i s  

t o  t a b u l a t e  the maximally p o s s i b l e  d i s t a n c e  between t h e  condyles  du r ing  stress, 

v i z .  c and d,  i n  a material of normal, un in ju red  c o n t r o l  persons  ( f o r  use 
p a r t i c u l a r l y  i n  p a t i e n t s  wi th  b i l a t e r a l  i n j u r i e s ) .  

i n  t h e s e  d i s t a n c e s  between t h e  

( f o r  
d i s t a n c e s  are measured by a Vernier  gauge i n  mm with  one decimal.  

l i n e ,  g l ,  th rough p o i n t s  A and B on F ig .  11. A l l  o t h e r  measuring l i n e s  a re  

at r i g h t  a n g l e s  t o  i t .  

The fo l lowing  parameters  were measured on t h e  a-p view (Fig .  9 ) :  

Dis tance  c, c u t  o f f  on 

Then, abduct ion  

O r  else t h e  d i f f e rences  

d L  r i g h t  and l e f t  knee: cR - cL and dR - 
u s e  i n  u n i l a t e r a l  i n j u r i e s  which are by far t h e  most common). The 

The p a r c h e t e r s  i n  t h e  lateral  view ( 4 )  are measured on t h e  named base- 

L1 i s  p laced  as o . " t angen t "  t o  t h e  a n t e r i o r  con- 
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Figure 10: Different configurations of the t i b i a l  condyles i n  t h e  a-p view 

t o  i l l u s t r a t e  t h e  rules f o r  placing tangents l3 and l4 t o  t h e  
t i b i a l  condyle respectively a t  r ight angles to  l2 (cf.  medial and l a t e r a l  

Fig. 9 ) .  

t o  i t .  From: Acta Radiologica, Diagnosis - 18 (1977), 113-125. 

Note l3 drown through osteophyte (exostosis) without paying regard 

tour of t h e  medial femoral condyle, and l5 as a "tangent" t o  the anterior 

contour of t h e  femoral articular surface for  t h e  patella.  

to the posterior contour of the l a t e r a l  t i b i a l  condyle, l4 t o  the posterior 

contour of t h e  medial t i b i a l  condyle. 
margin of  t h i s  condyle forms a rounded arch; l4 should be placed through 

t h e  posterior 

tween the posterior 

1 i s  a "tangent" 2 

The proximal 1 cm of the posterior 

edge of t h i s  arch. Point S i s  t h e  point of intersection be- 

contour of the medi'ol tubercle and the baseline ( g l ) .  

Distance e i s  cut off on t h e  baseline between l1 and 12, distance f 

betweel l3 and 14, and distance E between l5 and point S on'the l a t e ra l  film 

of t h e  unloaded knee. 

distances are  called g, h, and G respectively, and during posterior stress 
i, j, and I respectively. Distances e and g express the position of t h e  

During forward stress on the t i b i a  the corresponding 

'3 
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F i g u r e  11: 
radiograph .  Unbroken l i n e s :  Lateral f moral condyle,  t i b i a l  condyle,  and 

la teral  tubercle. Broken l i n e s :  Medial f ernoral condyle,  t i b i a l  condyle,  

and medial  t u b e r c l e .  Dot ted  l i n e s :  On t h e  femur: Femoral art icular su r face  

for t h e  p a t e l l a  and Blumensaot' s l i n e .  

o s i t y ,  crest of area i n t e r c o n d y l a r i s  a n t e r i o r .  

a n t e r i o r  p o i n t ,  A, and t h e  pos t e ro - supe r io r  po in t ,  B, of t h e  medial  t i b i a l  
j o i n t  socke t .  

t h e  medial tubercle and t h e  b a s e l i n e .  

g l  . 

Contours  of t h e  knee  j o i n t  and measuring technique  on t h e  lateral 

On t h e  t ibia:  A n t e r i o r  margin, tuber- 

g l  : Base l ine  through t h e  

S p o i n t  of i n t e r s e c t i o n  between t h e  p o s t e r i o r  con tour  of 

L ines  ll t o  l5 are at  r i g h t  a n g l e s  t o  

Di s t ances  E, f ,  and e are shown on t h e  drawing as they  appear  on t h e  

unloaded j o i n t .  

on t h e  l e f t :  G, h, and gr d u r i n g  p r e s s u r e  on t h e  r i g h t :  I ,  j ,  and i. 
The cor responding  d i s t a n c e s  d u r i n g  t r a c t i o n  are i n d i c a t e d  

From Act0 Rodiologica,Diognosis 18 (1977), p .  118. 
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lateral t i b i a l  condyle  i n  r e l a t i o n  t o  t h e  lateral femoral condyle, i n  t h e  
unloaded knee  and du r ing  forward stress on t h e  proximal end of t h e  t i b i a  
( t r a c t i o n ) .  
condyle d u r i n g  t r a c t i o n  cnd, i n  tnalogy, f-h t h e  cor responding  forward dis- 
placement of t h e  medial t i b i a l  condyle.  E G  d e n o t e s  a n t e r i o r  d i sp lacement  
measured between c e n t r a l l y  situated p o i n t s .  Therefore,  t h i s  d i s t a n c e  i s  theo- 
r e t i c a l l y  less a f f e c t e d  by p o s s i b l e  r o t a t i o n  i n  t h e  j o i n t .  
survey of t h e  d i s t a n c e s  measured and t h e  a n t e r o p o s t e r i o r  d i sp lacements .  
c a l c u l a t i o n s  were carried out for  t h e  r i g h t  as w e l l  
i t  is  t h e r e f o r e  p o s s i b l e  to  assess d i f f e r e n c e s  between t h e  two sides. 

Then, e-g s i g n i f i e s  t h e  f orward d isp lacement  of t h e  lateral  t i b i a l  

Table 1 g i v e s  a 

A l l  
as t h e  l e f t  knee, and 

To express t h e  total  a n t e r i o r  d i sp lacement  of t h e  t i b i a l  condyle  t h e  
method uses 
condyles:  ( (e -g)  + ( f -h) ) /2 .  
terior d isp lacement .  Correspondingly,  t h e  p o s t e r i o r  d i sp lacement  du r ing  
pressure on t h e  lateral t ib ia l  condyle  i s  i-e, on t h e  medial condyle  j-f, 
t h e  c e n t r a l  t i b i a l  p a r t  (I-€), and t h e  total  p o s t e r i o r  d i sp lacement  ( ( i  - e )  
+ ( j  - f ) ) / 2 .  
g iven  i n  Table  1. 

t h e  mean of t h e  a n t e r i o r  d i sp lacement  of t h e  lateral and medial 
E G  i s  an approximate measure of t h e  to ta l  an- 

The formulae f o r  t h e  to ta l  a n t e r o p o s t e r i o r  d i sp lacement  are 

5 d 2.4: 
Parameters  and measuring l i n e s  are s h a m  on r d i o g r u p h s ,  F ig .  12 .  The 
dove-ment ioned  r o t a t i o n  du r ing  t r a c t i o n  
knee j o i n t  may be seen  from t h i s  f i g u r e  merely by fo l lowing  t h e  movement of 
t h e  f i b u l a .  

Ro ta t ion  as calculated from t h e  pa rane te r s :  

and p r e s s u r e  a c t i o n s  i n  t h e  normal 

During forward stress ( t r a c t i o n )  on t h e  proximal end of t h e  t i b i a  t h e  
lateral t i b i a l  condyle  i n  sound knee j o i n t s  i s  seen  t o  become c o n s i d e r d l y  
more d i s p l a c e d  than  t h e  medial one. 
t i b i a  i n  t h e  90' f l e x e d  knee on a v e r t i c a l  a x i s  ( i n  t h e  l o n g i t u d i n a l  d i r e c -  
t i o n  of t h e  t i b i a l  s h a f t ) .  
t h e  maximum p o s s i b l e  i n t e r n a l  r o t a t i o n  of t h e  t i b i a  i n  r e l a t i o n  t o  t h e  femur 
(p rona t ion )  i n  t h e  unloaded 90' f l e x e d  knee j o i n t .  
t r a c t i o n  tdtes p l a c e  wi th  t a u t  l i g a n e n t s  u n l i k e  t h e  l a x  l igaments  a t  rest 

which permi t  greater r o t a t i o n .  Expressed by p a r a n e t e r s ,  t h i s  manif ests 

i t s e l f  i n  ( e  - g )  > ( f  - h )  i n  normal knees.  
t e r n a l  rotation, sup ina t ion ,  expressed by ( i  - e )  > ( j  - f ) .  Thus, t h e  total  
a n t e r o p o s t e r i o r  movement i s  shown t o  b e  g r e a t e r  i n  t h e  lateral than  i n  t h e  
medial j o i n t  chanber,  i n  accordance w i t h  c e n t u r i e s  of a n a t a n i c a l  knowledge 
( v i d e  sup ra ) .  

T h i s  i n d i c a t e s  i n t e r n a l  r o t a t i o n  of t h e  

This  r o t a t i o n  du r ing  t r a c t i o n  i s  not  e q u a l  t o  

The r o t a t i o n  du r ing  

On p r e s s u r e  t h e r e  occurs: Ex- 

The f i g u r e  also demons t r a t e s  t h e  change i n  p a r a n e t e r  size 
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F i g u r e  12: Radiographs of t h e  unloaded j o i n t  (middle)  and t h e  j o i n t  du r ing  

t r a c t i o n  on t h e  t i b i a l  condy les  (druwer maneouvre forward)  ( t o p )  

and p r e s s u r e  (bot tom);  p o s i t i o n  of f o o t  n e u t r a l ,  i . e .  r o t a t i o n  = 0. Meas- 

u r i n g  films f u r n i s h e d  wi th  l i n e s  a t  r i g h t  a n g l e s  t o  each o t h e r  i n d i c a t e d  i n  

p o s i t i o n  f o r  measurement. 

b u t  i n  o rde r  t o  p r e s e r v e  t h e  c o n t o u r s  i n  t h e  area measured el f, g f  h, if 

and j are p r o j e c t e d  d i s t a l l y .  

The measurements are normally made on t h e  b a s e l i n e ,  

Note how t h e  f i b u l a  moves forward on t r a c t i o n  and backward on p r e s s u r e  
The lateral t i b i a l  condyle  moves i n  r e l a t i o n  t o  t h e  femur as w e l l  as t i b i a .  

i n  t h e  sane  way i n  r e l a t i o n  t o  t h e  medial t i b i a l  condyle .  

t h e  la teral  t i b i a l  condy le  moves most, i .e .  a r o t a t i o n  i s  d e t e c t c b l e  wi th  t h e  

naked eye: e x t e r n a l  on p r e s s u r e  and i n t e r n a l  on t r a c t i o n  ( i n  accordance  wi th  

t h e  d e f i n i t i o n s  of r o t a t i o n  i n  (6). 

I n  o t h e r  words, 

Moreover, i t  can  be  seen  t h a t  i > e > g and t h a t  j,> f > h. 
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Table 1 Parameters measured on t h e  l a t e r a l  rodiogrcph and formulae f o r  cal- 
cu la t ing  an ter ior  and pos te r ior  displacement of t h e  t i b i a l  condyles. 

Distance between an ter ior  points  (on :he femur) 
and poster ior  points  (on t h e  t i b i a )  

Names of paraneters and 
formulae f o r  displacement 

Measurements i n  "neutral  posi t ion 90°" (no  
stress on the  knees ) :  
f o r  lateral p a i r  of  condyles 
f o r  medial pa i r  of condyles 
f o r  cen t r a l  po in ts  (4 and S)  

Measurements during t rac t ion  on t h e  t i b i a :  
f o r  l a t e r a l  pa i r  of condyles 
f o r  medial pa i r  of condyles 
f o r  cen t r a l  points  
an ter ior  displacement of l a t e r a l  t i b i a l  condyle 
an ter ior  displacement of medial t i b i a l  condyle 
an ter ior  displacement of cen t r a l  pa r t  of t i b i a  
an ter ior  displocement of proximal end of t i b i a  
(mean of l a t e r a l  and medial condyles) 

Measurements during pressure on the t i b i a :  
f o r  l a t e r a l  pa i r  of condyles 
f o r  medial pa i r  of condyles 
f o r  cen t r a l  po in ts  
poster ior  displacement of l a t e r a l  t i b i a l  condyle 
poster ior  displacement of medial t i b i a l  condyle 
poster ior  displacement of cen t r a l  pa r t  of t i b i a  
poster ior  displacement of proximal end of t i b i a  
(mean of l a t e r a l  and medial condyles) 

Total anteroposterior displacement: 
of l a t e r a l  t i b i a l  condyle 
of medial t i b i a l  condyle 
of cen t r a l  par t  of t i b i a  
of proximal end of t i b i a  (mean of l a t e r a l  and 
medial condyles) 

e 
f 
E 

9 
h 
G 
e-g 
f-h 
E-G 

(e-g)+(f-h) 
2 

i 

i-e 
j-f 
I -E 

( i-e)+( j-f ) 
2 

i-g 
j-h 
I-G 

(i-g)+( j -h)  
2 
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from n e u t r a l  p o s i t i o n  t o  d e c r e a s e  du r ing  t r a c t i o n  and i n c r e a s e  du r ing  p res su re :  
f o r  t h e  lateral t i b i a l  condyle  i > e > g, fo r  t h e  medial condyle  j > f > h. 

For r o t a t i o n ,  t h e  fo l lowing  formulae  can be set up by the ,  aid of t h e  

parameters  a l r e a d y  desc r ibed  ( c f .  also Addendum I ) :  
As  regards r o t a t i o n  wi thou t  t r a c t i o n  or p r e s s u r e  stress, F ig .  13, it 

c p p l i e s  i n  e x t e r n a l  r o t a t i o n  t h a t  d i s t a n c e  e i n c r e a s e s :  eext, rotated 
or e o (er  e x t .  15 e x t .  

backward. el5o ext. or e 

degrees; r o t a t i o n  i n  t h e  knee  i s  cons ide rob ly  less. 
i s  nega t ive .  
r e l a t i o n  t o  t h e  femoral condyle,  so t h a t  p a r m e t e r  f decreases. 
t h e  formula  ( f n  - f r  ext. ) i s  p o s i t i v e .  

and ( fn  - f r  e x t .  

t h e  two o p p o s i t e l y  d i r e c t e d  movements i s  u s e d ,  calculated wi th  + and - s i g n s .  
The formula  ( ( e n  - e r )  - ( f n  - f r ) )  may b e  used g e n e r a l l y  f o r  r o t a t i o n  with- 
out a p r e s s u r e  or t r a c t i o n  stress, induced e.g. by a r o t a t i o n  a c t i o n  upon t h e  
f o o t .  The formula  i s  n e g a t i v e  i n  e x t e r n a l  r o t a t i o n  of t h e  t ibia,  p o s i t i v e  i n  

i n t e r n a l  r o t a t i o n .  
cor responds  t o  t h e  sum of t h e  numerical  va lues ;  t h e  nega t ive  or p o s i t i v e  s i g n  
i n d i c a t e s  t h e  d i r e c t i o n  of r o t a t i o n ,  c f .  Addendum I .  

e t c . )  > eneutrol (en),  t h e  lateral t i b i a l  condyle  moving 

i n d i c a t e s  t h e  r o t a t i o n  of t h e  f o o t  i n  circle 30° e x t .  
The formula (en  - er ext ) 

The medial t i b i a l  condyle,  on t h e  o t h e r  hand, moves forward i n  
Therefore,  

The r e v e r s e  c p p l i e s  i n  i n t e r n a l  r o t a t i o n :  (en  - er int ) being p o s i t i v e  

A s  an expres s ion  of total  r o t a t i o n  of t h e  t i b i a  t h e  d i f f e r e n c e  between 
) negat ive .  

Numerically i t  i n c r e a s e s  w i t h  i n c r e a s i n g  r o t a t i o n ,  as it 

During t r a c t i o n  on t h e  proximo1 end of t h e  t i b i a  t h e  formula ( ( e  - g )  
- ( f  - h)) i s  o p p l i c d s l e  as an expres s ion  of r o t a t i o n .  
e x t e r n a l  r o t a t i o n ,  p o s i t i v e  i n  i n t e r n a l  r o t a t i o n ,  Addendum I .  

I t  i s  n e g a t i v e  i n  

During p r e s s u r e  ( ( i  - e )  - (j - f ) )  i s  used. Th i s  formula i s  p o s i t i v e  
The la t ter  two sets of i n  e x t e r n a l  r o t a t i o n ,  n e g a t i v e  i n  i n t e r n a l  r o t a t i o n .  

formulae  can  b e  u s e d  also on t r a c t i o n  and p r e s s u r e  stress from an i n i t i a l  
p o s i t i o n  of r o t a t i o n ,  Addendum I .  

F u r t h e r  mathematical  formulae  can  be set up f o r  measurement du r ing  
t r a c t i o n  and p r e s s u r e  wi th  rotated foot, canpared  wi th  t h e  u n l o d e d  i n i t i a l  
p o s i t i o n  " n e u t r a l  p o s i t i o n  90°", Addendum I .  
va lues ,  i n  t h e  form of upper 97&% fractiles i n  normal knees,  for a l l  t h e s e  
q u a n t i t i e s  b e f o r e  an assessment of i n j u r e d  knees  was p o s s i b l e .  
t h e  c a l c u l a t i o n s  are b e s t  based on t h e  d i f f e r e n c e  between a per son ' s  

I t  was necessary  to  f i n d  normal 

In  odd i t ion ,  
two 

knees  f o r  a l l  t h e s e  formu.loe (3 ,  4, 5, 6, 7, and Addendum I ) .  
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Figure 13: 

l i n e  i s  shown. 

parameter f between the two unbroken tangents. 

t i o n  o f  the  foot; a t  the  top: exposure w i t h  15' external ly  ro tated foot; a t  

the bottom: exposure wi th 30' i n t e r n a l l y  ro tated foot .  The ro ta t i on  i n  the 

knee j o i n t  i s  observed by looking a t  the head o f  the  f i b u l a  which moves 

backward on external ro ta t i on  

Radiograph o f  the r i g h t  knee o f  a 26-year-old wman. The base- 

Parameter e i s  cut. o f f  between the two broken tangents, 

I n  the middle: neutra l  posi- 

and forward on i n te rna l  rotation., i n  re la-  

t i o n  t o  the t i b i a 1  condylar massive. I t  w i l l  be seen a iso tha t  e150 > 
and tha t  f150 ext. < f300 intv By the  measurement 

neut ra l  > e30° i n t .  e 

i t  can be ascertained tha t  f150 ext. < fneutrol < f300 int.. 
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5 d 3: 
T h e o r e t i c a l l y ,  a d i s t i n c t i o n  can  b e  m a d e  between errors of method due  to the  
appa ra tus  and r a d i o l o g i c a l  method and inaccuracy  of measurement on repea ted  
rad iography and measurements on t h e  X-ray f i l m s  of t h e  sane d i s t a n c e s  (para- 
meters )  i n  t h e  same s u b j e c t s .  

Accuracy of Method: Error of Method and Inaccuracy of Measurement 

5 d 3.1: Error of method 
5 d 3.1.1: 
f o r  which c o r r e c t i o n  can  b e  made. 
t ion .  

Magni f ica t ion :  T h i s  can  be regarded as a c o n s t a n t  error of method 
However, t h i s  a p p l i e s  on ly  wi th  approxima- 

The named magn i f i ca t ion  factor of 1.1 or 1C% magni f i co t ion  on t h e  X-ray 
f i l m  i s  a mean. 
f a r t h e s t  from t h e  f i l m  m u s t  be tdcen  i n t o  c o n s i d e r a t i o n .  

A range  from 3% to 154 f o r  t h e  articular p a r t s  closest and 

A 15% magn i f i ca t ion  h a s  been found,on t h e  lateral view i n  2 cases, 

of a metal wire placed on t h e  s k i n  ove r  t h e  head of t h e  f i b u l a .  
landmark n o t  used i n  t h e  measurements. 
most p o i n t  of t h e  knee j o i n t .  
t h e  t i b i a l  t u b e r o s i t y  showed a range  of 6% to  9%. 
mark f o r  t h e  lateral t i b i a l  condyle  i s  a t  t h e  sme p l a n e  p a r a l l e l  t o  t h e  film 
as t h e  t u b e r o s i t y .  
p o s i t i o n  90°". 

f i l m  and t h e r e f o r e  t h e  magn i f i ca t ion  is less. 
t i o n  at  t h e  l e v e l  of t h e  landmarks t h e r e f o r e  ha rd ly  exceeds lU%. 

T h i s  i s  a 
I t  r e p r e s e n t s  t h e  o b s o l u t e l y  outer -  

S i rml taneous  measurement of a metal wire over 
In t h i s  view t h e  land- 

Therefore,  t h e  mogn i f i ca t ion  i s  up t o  9% i n  "neu t r a l  
The landmark f o r  t h e  medial t i b i a l  condyle  i s  closer to the 

I n  t h i s  p o s i t i o n  t h e  mognificu 

A t i b i a l  r o t a t i o n  o f  90' i s  requ i r ed  t o  b r i n g  t h e  p o s t e r i o r  su r f aces  of 

t h e  t i b i a l  condyles  merely i n  t h e  v i c i n i t y  of t h e  naned extreme p o s i t i o n  w i t h  
15% magn i f i ca t ion .  
material. 
15' a t  45O r o t a t i o n  of t h e  f o o t  (Addendum I ) .  

The d i f f e r e n c e  i n  magn i f i ca t ion  between 
to  t h e  f i l m  and lateral  landmarks far from t h e  f i lm,  which are i n  f a c t  fairly 
close to  each o the r ,  is  es t ima ted  t o  be about  5%, v i z .  from & o u t  5% rnedially 
to  &out lC% l a t e r a l l y .  
measured on a specimen is  about h a l f  t h e  d icmeter  of t h e  e n t i r e  t i b i a l  con- 
sole, Addendum I.  

Such r o t a t i o n  was n o t  observed, n o t  even i n  t h e  injured 
m o u n t  to  about In t h e  normal material r o t a t i o n  of  t h e  knee may 

t h e  medial landmarks close 

The d i s t a n c e  between t h e  t w o  landmarks on t h e  t i b i a  ' 

On t h e  a-p view t h e  head of t h e  f i b u l a  and t h e  posterior medial carner 
of t h e  medial t i b i a l  condyle  are t h e  areas close t o  t h e  f i l m  and at t h e  
time to  t h e  sk in .  Here, 
t h e  l e v e l  o f  t h e  t i b i a l  t u b e r o s i t y  i t  is 6% to  11%. 

sane 

t h e  measured magn i f i ca t ion  i s  % to 7%, whi le  a t  
A s  t h e  a n t e r i o r  margins 
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of t h e  t i b i a  

are more r e l e v a n t .  
are u s e d  as landmarks i n  t h i s  p r o j e c t i o n ,  t h e  l a t te r  f i g u r e s  

The d i f f e r e n c e  i n  magn i f i ca t ion  between landmarks close t o  and f a r  

from t h e  f i l m  may b e  imagined t o  e x e r t  an i n f l u e n c e  i n  t h e  fo l lowing  situa- 

t i o n s  ( d i s t o r t i o n )  : 

Assessment of t h e  d isp lacement  of t h e  two t i b i a l  condy les  i n  t h e  an tero-  

p o s t e r i o r  d i r e c t i o n  on t h e  lateral  view. This  i n c l u d e s  a contempla t ion  as t o  
whether t h e  g r e a t e r  m o b i l i t y  of t h e  lateral t i b i a l  condyle  may b e  imagined to  
be  due t o  t h e  p r o j e c t i o n .  l ) ,  as t h e  naned 

movement i n  normal knees  d u r i n g  t r a c t i o n  and p r e s s u r e  i n  t h e  " n e u t r a l  pos i -  

t i o n  90°" ave rages  7.5 mm f o r  t h e  lateral  and 3 .9  mm f o r  t h e  medial t i b i a l  
condyle.  The ra t io  7..5/3.9 = 192.3%. I n  o t h e r  words, t h e  lateral  condyle  

moves, on t h e  ave rage  92.3%-100% more than  does  t h e  medial  one  (6). 
t h e  d i f f e r e n c e  i n  mogni f ico t ion  can  m o u n t  t o  only  &out 5%. 

This  can  be  rejected ( r e f l e c t i o n  

Thereof, 

Role of t h e  r o t a t i o n  of t h e  object, v i z .  t h e  t i b i a ,  i n  c a l c u l a t i n g  rota- 
t i o n  on t h e  lateral  view: On i n t e r n a l  r o t a t i o n  of t h e  t i b i a  i n  r e l a t i o n  t o  
t h e  femur, t h e  landmarks on t h e  p o s t e r i o r  a s p e c t  of t h e  t i b i a  move outward. 

The magn i f i ca t ion  of t h e i r  c o n t o u r s  i n c r e a s e s  by &out t h e  some percentage .  

Therefore,  t h e  pa rame te r s  ( d i s t a n c e s )  measured to  t h e  r e f e r e n c e  t a n g e n t s  t o  

t h e  femora l  condy les  are mognified t o  t h e  sane  e x t e n t .  

mulae are expressed  as a d i f f e r e n c e  between t h e s e  d i s t a n c e s .  

l i n e  segment, used t o  e x p r e s s  r o t a t i o n ,  i s  t h e r e f o r e  inc reased  by t h e  sane 

pe rcen t  age. 

A l l  t h e  r o t a t i o n  f o r -  

The resulting 

During e x t e r n a l  r o t a t i o n  t h e  d i f f e r e n c e  d e c r e a s e s  numer ica l ly ,  t h e  

magn i f i ca t ion  g e t t i n g  reduced when t h e  landmarks on t h e  p o s t e r i o r  a s p e c t  of 

t h e  t i b i a  approach t h e  cassette. 
lower t h a n  d u r i n g  i n t e r n a l  r o t a t i o n  (6) .  

This  i s  r e f l e c t e d  i n  t h e  f i g u r e s  which are 

These two f a c t o r s  t e n d  t o  e l i m i n a t e  each o t h e r  i n  c a l c u l a t i o n s  (by t h e  

formulae)  of t h e  total,, g r e a t e r  m o b i l i t y  of t h e  la teral  t i b i a l  condyle.  

c o n s i s t s  of t h e  numerical  v a l u e  for i n t e r n a l  r o t a t i o n  p l u s  t h e  numerical  v a l u e  

f o r  e x t e r n a l  r o t a t i o n .  Therefore,  t h e  conc lus ion  of r e f l e c t i o n  1 remains 

V a l  i d .  

I t  

5 d 3.1.2:  

t h e  object or t h e  object moves i n  r e l a t i o n  t o  
t h e  p l a n e  of t h e  f i l m  is unchanged (Schinz  1928).  

c e n t r a l  beam through a p o i n t  i n  t h e  object i n  t h e  two extreme p o s i t i o n s  i s  
de f ined  as t h e  p a r a l l a x .  I t  g i v e s  rise t o  d i s t o r t i o n  on t h e  X-ray f i lm ,  a 

p a r a l l a x  error. I t  was endeavoured t o  c o u n t e r a c t  t h i s  error by t h e  rad io-  

P a r a l l a x  arises when t h e  r a d i a t i o n  source moves i n  r e l a t i o n  t o  

t h e  r a d i a t i o n  source,  w h i l e  
The angle between t h e  
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groph ic  t echn ique  u s e d .  
d u r i n g  t h e  stress a c t i o n  i n t o  t h e  same d i r e c t i o n  as t h e  object ( t h e  knee  jo in t )  
Thus, t h e  c e n t r a l  bean h a s  
and a l s o  c o n s t a n t l y  d i r e c t e d  towards t h e  lateral ep icondy le  of t h e  femur. 
t h e  r a d i a t i o n  source and t h e  object have moved equa l ly  i n  t h e  sme d i r e c t i o n ,  
i n  p l a n e s  p a r a l l e l  to  t h a t  of t h e  f i lm .  

I n  t h e  lateral p r o j e c t i o n  t h e  X-ray tube was moved, 

been c o n s t a n t l y  at  r i g h t  a n g l e s  t o  t h e  cassette 
Thus 

Thus, p a r a l l a x  errors d o  n o t  occur. 
Ne i the r  object nor r o d i a t i o n  source moves i n  t h e  a-p p r o j e c t i o n  ( f o r  

obduction o r  adduc t ion  s t d i l i t y )  i n  which t h e  t h i g h s  are f i x e d .  
t i o n  through t h e  c e n t r e  of t h e  knee  only  moves t h e  c e n t r a l  landmarks s l i g h t l y ,  
and i n  p r a c t i c e  t h e  p o s s i b i l i t y  of a p a r a l l a x  error c a n  b e  d i s r ega rded .  

An angula- 

I n  t h e  a-p p r o j e c t i o n  t h e r e  occurs a special form of r o t a t i o n  i n  which 
t h e  e n t i r e  knee  rotates, t h e  femur and t i b i a1  condyles  a t  t h e  sane time and 
i n  t h e  same d i r e c t i o n .  
j o i n t s .  Ro ta t ion  between t h e  femur and t i b i a  i s  minimal. In obduct ion ,  i n  
which t h e  whole knee rotates s l i g h t l y  inwards, measurement w i l l ,  t h e o r e t i c -  

a l l y ,  show parameter  c t o  be t h e  smaller t h e  g r e a t e r  t h e  i n t e r n a l  r o t a t i o n ,  
t h e  landmarks be ing  closer to  t h e  f i l m .  
t i o n  occurs, p a r m e t e r  d, now closer t o  t h e  f i l m ,  w i l l  t h e o r e t i c a l l y  appear 
t h e  smaller t h e  g r e a t e r  t h e  r o t a t i o n .  
measurements, n e i t h e r  among t h e  100 normal s u b j e c t s  no r  i n  2 s p e c i a l l y  examined 
ones.  

Th i s  r o t a t i o n  o c c u r s  mainly i n  t h e  h i p  and a n k l e  

In  adduct ion ,  i n  which e x t e r n a l  rota- 

B u t  t h i s  was n o t  r e f l e c t e d  i n  t h e  

5 d 3 .2 :  
5 d 3 . 2 . 1 :  
meter i n  t h e  sane person .  
racy, t h e  three-d imens iona l  bony object be ing  p r o j e c t e d  t o  a two-dimensional 
p i c t u r e  wi th  many contour!: superimposed on each o t h e r .  
d u r i n g  p o s s i b l e  r o t a t i o n ,  and t h e r e f o r e  any changes i n  t h e  con tour s  and change! 
of t h e  landmarks had 
beam of c o n s t a n t  d i r e c t i o n  ( 2 ) .  
marks can  very e a s i l y  b e  fo l lowed d u r i n g  r o t a t i o n ,  but  t h a t  some, s l i g h t  
change o f  t h e  c o n t o u r s  occurs. 
a s s e s s i n g  and measuring l i n e a r  d i s t a n c e s  on t h e  f i l m .  
p h y s i c a l  f a c t o r s  mentioned under Error of Method c o n t r i b u t e  to t h e  measuring 

error. was t e s t e d  d u r i n g  abduct ion  and adduct ion  stress of 9 kp  as well 
as d u r i n g  t r a c t i o n  and  p r e s s u r e  of 30  kp. 
t h a t  g r e a t e r  abduct ion  and adduct ion  f o r c e s  ( 1 8  kp )  and lesser t r a c t i o n  (13 
kp) o r  p r e s s u r e  f o r c e s  (18 kp)  proved unsu i t ed .  
ment was t e s t e d  by d u p l i c a t e  s t u d i e s  ( t h e  test-retest method) i n  34 cases and 

Inaccuracy of Measurement 
Inoccurocy of measurement i n  r epea ted  exposures  of t h e  sane para- 

Measurements on X-ray f i l m s  c a r r y  a c e r t a i n  i n a c u -  

The c o n t o u r s  alter 

t o  h e  studied d u r i n g  r o t a t i o n  of t h e  knee j o i n t  i n  a 

These i n v e s t i g a t i o n s  showed t h a t  g iven  land- 

Th i s  i s  reflected i n  some inaccuracy  i n  
In t h i s  sense,  t h e  

I t  
Fran  Addendum I i t  w i l l  be seen 

The inaccuracy  of t h e  measure 
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t r i p l e  studies i n  33 cases. I n  t h i s  i n v e s t i g a t i o n  t h e  au tho r  u s e d  coding 
of f i l m  envelopes  and b l i n d ,  randomized measurement of t h e  p a r m e t e r s  as 

w e l l  as two d i f f e r e n t  statistical methods, one i n  t h e  test-retest s tudy  and 
another  one i n  t h e  t r i p l e  s tudy .  

wi th  95% conf idence  limits, as 2 1 . 2  mn f o r  medial  and lateral  s t a b i l i t y  and 
as 2 . 4  mn f o r  a n t e r o p o s t e r i o r  s t a b i l i t y ,  w i thou t  c o r r e c t i o n  f o r  magnifica- 
t i o n  on t h e  f i l m .  
- 2.2 mn. Such i n v e s t i g a t i o n s  were no t  r epor t ed  by Kennedy and Fowler (1971). 

The results agreed .  
A t  t h e s e  stress forces t h e  inaccuracy  of t h e  measurement was determined, 

With correction, t h e  cor responding  v a l u e s  were ? 1.1 and + 

5 d 3.2.2: 
t h e  same parameter  on t h e  same f i l m  i s  of less i n t e r e s t .  
parameters  c, d,  e, and f ,  i n  45 knees  of t h e  material C,,, i .e .  twice 45 para- 
meter read ings  ( r i g h t  knees)  f o r  
i n g s  were b l i n d  and randomized l i k e  t h o s e  mentioned above. For t h e  d u p l i c a t e  
r ead ings  t h e  sane statist ical  formula was used as i n  s tudying  t h e  inaccuracy  
of t h e  measurement i n  t h e  test-retest i n v e s t i g a t i o n s .  
meters t h e  inaccuracy  of r ead ing  was about two- th i rds  of t h e  i n a c u r o c y  of 
measurement (Addendum I ) .  

The r ead ing  inaccuracy  of t h e  measurement on r epea ted ly  reading  
I t  was tested f o r  

each of t h e  named parameters .  These read- 

For t h e  nmed  paro- 

5 e: E x m i n a t i o n  Procedure  
5 e 1: 
i n  t h e  ' ' neu t r a l  p o s i t i o n  160°". A f t e r  t h e  a p p a r a t u s  h a s  been connected t o  
t h e  power supply,  t h e  subject is dressed i n  a l e a d  c a p e  and f a s t e n e d  to  t h e  
seat. 

around t h e  t h i g h s  are i n f l a t e d  b e f o r e  each a c t i o n  upon t h e  j o i n t  and d e f l a t e d  
a f t e r  each exposure.  The h e i g h t  and a n t e r o p o s t e r i o r  p o s i t i o n  of t h e  seat as 

w e l l  as t h e  a n t e r o p o s t e r i o r  p o s i t i o n  of t h e  b o o t s  are adopted t o  l imb l eng th  
and t o  20' f l e x i o n  i n  t h e  knee  j o i n t s .  The a n g l e  measurements are made wi th  
a long-armed goniometer from t h e  
d y l e  of 
which forms an a n g l e  of 10' wi th  t h e  h o r i z o n t a l  p lane ,  i s  mounted. 
t u b e  
way between t h e  two knees; t i l t e d  10'. 
p o s i t i o n ,  w i th  t h e  l i d s  unloaded and a t  such s h o r t  d i s t a n c e  t h a t  t h e  p a t i e n t  
f e e l s  t h a t  t h e  leg i s  re l axed  and una f fec t ed .  
during s imul t aneous  abduct ion  of bo th  lower legs and ano the r  exposure  du r ing  
s imul taneous  adduct ion  of both lower l e g s  ( f o r c e  normally 9 kp) .  
ment of t h e  foot suppor t  and t h e  he igh t  of t h e  cassette ho lde r  are recorded 

The f i r s t  step i s  i n v e s t i g a t i o n  of abduct ion  and adduct ion  s t a b i l i t y  

The f e e t  are f a s t e n e d  i n  t h e  b o o t s  on s l i d e s  a n t e r i o r l y .  The c u f f s  

g r e a t e r  t r o c h a n t e r  t o  t h e  lateral epicon- 
t h e  femur ( v e r t e x )  and lateral malleolus. The l a r g e  cassette holder ,  

The X-ray 
i s  a d j u s t e d  so t h a t  i t s  c e n t r e  i s  above t h e  j o i n t  l i n e  of t h e  knee, mid- 

An exposure i s  made i n  t h e  r e s t i n g  

Therep f t e r ,  an  exposure  i s  made 

The adjust-  
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( f o r  use i n  possible subsequent repeat measurement). 

the pa t i en t  i s  t o l d  t o  re lax  h i d h e r  muscles as completely as possible. 

I n  a l l  exaninations 

Then, the pa t i en t ' s  fee t  are fastened i n  the boots on the f l o o r  of the 

machine, and c u f f s  are appl ied around the malleolar region. 

f o r  anteroposterior s t ress upon the knee j o i n t  i s  fastened t o  the right knee 

by a c u f f  around the proximo1 end o f  the t i b i a .  Af ter  adjustment t o  neutral 

pos i t i on  90' a l a t e r a l  f i l m  i s  taken f i r s t  o f  the unloaded knee j o i n t .  

X-roy tube i s  adjusted a t  r ight angles t o  the cassette, now placed sagi t ta l ly  

between the p a t i e n t ' s  knees. 

with Ind ia  ink, and the cen t ra l  bean i s  d i rected against i t .  I n  exposures 

dur ing t rac t i on  and pressure ( force normally 30 kp) t h i s  po in t  w i l l  be d is-  

placed (of ten by 30 mm) i n  sp i te  o f  the cuff,  owing t o  s h i f t s  i n  the so f t  

t issues o f  the- th igh .  

again h i t s  t h i s  po in t .  

e r ro r ) .  

sure o f  

allow f r e e  c i r c u l a t i o n  i n  the lower l imbs. 

The p is ton  shaft 

The 

The l a t e r a l  epicondyle o f  the femur i s  marked 

Therefore, the tube is moved, so tha t  the cent ra l  beam 

Th is  counteracts d i s t o r t i o n  on the f i l m  (paral lax 

For each exposure the cu f f s  uround the thighs are i n f l a t e d  t o  u pres- 

about 300 - 350 mn Hg, bu t  are deflated between each exposure t o  

Before exposures of the l e f t  knee are started, the gonylaxaneter i s  

turned 180' on i t s  cen t ra l  swivel foot, so tha t  the X-ray tube need not be 

moved. A l l  act ions upon the j o i n t  are kept w i th in  the pain l i m i t  i n  healthy 

subjects ( i .e .  the stresses mentioned above) t o  avoid harm t o  the liganents. 

Contro l  measurements o f  the hydraul ic stress act ion (checking the manometer 

scale) were done f o r  each 10 subjects. I n  patients, e f fus ion i n  the j o i n t  is 

drained before the examination, and i n  the case o f  f resh i n j u r i e s  l o c a l  anaes- 

thesia i s  appl ied t o  General anaesthesia C O U ~  

not 

tender s i t es  around the j o i n t .  

be used i n  such a busy department. 

5 e 2: Determining the n u h e r  o f  standard exposures and the standard method 

f o r  ca lcu la t ing  i n s t a b i l i t y  : 

The n u h e r  o f  exposures should be res t r i c ted  as fur as poss ib le  whi le  a t  the 

sane time as much information as possible i s  col lected. 

out o f  regard t o  the rad ia t ion  dose and t o  the time factor .  

two suggestions w i l l  be mode below. 

The r e s t r i c t i o n  is 
For these reasons 

The former must be an &solute minimum demand. 

exposures o f  both knee j o i n t s  a t  

measure paraneter c and one dur ing odduction t o  measure paraneter d, and three 

l a t e r a l  views o f  each knee j o i n t  i n  a neut ra l  pos i t ion  o f  the foot, one at 

rest, one during t ract ion,  and one during pressure stress. This affords a 

I t  consis ts  of two a-p 

the sane time, one during abduction to  
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p o s s i b i l i t y  
mulae, Table 1, Addendum 11). Fur the r ,  it p e r m i t s  measurement of a n t e r i o r  
and p o s t e r i o r  d i sp lacement  of t h e  t i b i a  i n  r e l a t i o n  t o  t h e  f e m u r  (Cn, Dn, and 
En) and s u p p l i e s  two expres s ions  o f  r o t a t i o n  (F 
procured 6t% of t h e  in fo rma t ion  concern ing  r o t a t i o n  found i n  t h e  c l i n i c a l  
series (Addendum 11) .  

v i z .  2 laterals of each knee i n  15' e x t e r n a l  r o t a t i o n ,  one wi thout  l oad ing  
and t h e  o t h e r  one  wi th  30 kp t r a c t i o n .  Th i s  g ives ,  i n  a d d i t i o n  t o  t h e  above- 
mentioned informat ion ,  ano the r  f o u r  expres s ions  for r o t a t i o n  (formulae FlS, 

'15' Hn15° e x t  . 
A s  i s  appa ren t  from Addendum 11, t h i s  ex tens ion ,  which i n c r e a s e s  t h e  nunber 
of exposures  t o  12, gave  92% of t h e  r o t a t i o n  f i n d i n g s .  

as w e l l  as i n  30' i n t e r n a l  r o t a t i o n  and 30' e x t e r n a l  r o t a t i o n  of t h e  f o o t  
(unloaded p o s i t i o n ,  t r a c t i o n  and p r e s s u r e ) ,  but t h e  e x t r a  g a i n  from t h e s e  
e x m i n a t i o n s  was s l i g h t .  

of measuring lateral and medial i n s t a b i l i t y  ( s e t  o f  A and B for- 

and Gn). These two formulae n 

The second sugges t ion  i s  a s l i g h t  ex tens ion  of t h e  number of exposures,  

and Fn150 ext., where 15Oext .  s i g n i f i e s  15' e x t e r n a l  r o t a t i o n ) .  

0 F u r t h e r  examinat ions  were made wi th  p r e s s u r e  i n  15 e x t e r n a l  r o t a t i o n  

5 e 3: 
A s  t h e  inaccuracy  of t h e  measurement hod proved t o  be 2 1 . 2  mn f o r  lateral 
and medial  s t a b i l i t y  and - 2 . 4  mm f o r  a n t e r o p o s t e r i o r  s t a b i l i t y ,  i t  seems most 

r easonab le  t o  state t h e  results i n  whole mn i n  t h e  f u t u r e .  Measurements and 
c a l c u l a t i o n s  are s t i l l  performed wi th  1 decimal. 
and 3 .0  mn u s e d  i n  ( 5 )  are t h u s  also rounded o f f  t o  whole c i p h e r s :  

E s t a b l i s h i n g  C r i t i c a l  Levels  

+ 

The c r i t i ca l  l e v e l s  of 2 .0  

2 mn f o r  medial and lateral s t a b i l i t y  and 

3 mrn f o r  a n t e r o p o s t e r i o r  d i sp lacement  and r o t a t o r y  i n s t a b i l i t y .  
T h i s  means t h a t :  

< > va lues  = 2 mn are normal and va lues  = 3 rtnn abnormally e l e v a t e d  f o r  medial  
and lateral s t a b i l i t y .  

A s  r e g a r d s  a n t e r o p o s t e r i o r  d i sp lacement  and measurement of r o t a t i o n :  
< > va lues  = 3 mn are normal and v a l u e s  = 4 mm abnormally e l eva ted  ( c a l c u l a t i n g  

t h e  p a r a n e t e r  v a l u e  of t h e  i n j u r e d  minus t h a t  of t h e  un in ju red  knee) .  
Such rounding off i s  i n  f a c t  a very  s l i g h t  "moving of t h e  critical 

l e v e l "  from 2 .0  t o  2 .4  and 3.0 t o  3.4 mn r e s p e c t i v e l y ,  c f .  Addendum 11. The 

pos. d i a g n o s t i c  probabilities: t h e  p r e d i c t i v e  v a l u e  of a p o s i t i v e  test, PV 
( i n  Danish: d i a g n o s t i s k  s p e c i f i c i t e t )  and t h e  p r e d i c t i v e ,  v a l u e  of a nego- 
t i v e  test, PV 
Wulff 1973 a ) ,  are only  s l i g h t l y  a l t e r e d  by t h i s  re-adjustment.  
t h e  PVpos. i s  not  altered a t  a l l ,  n e i t h e r  f o r  medial and lateral  s t a b i l i t y  
nor  f o r  a n t e r o p o s t e r i o r  s t a b i l i t y .  

( i n  Danish: d i a g n o s t i s k  s e n s i t i v i t e t )  (Vecchio 1966, 
neg. 

In f a c t ,  

Th i s  p r o b a b i l i t y  h a s  a very h igh  score, 
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i .e. t h e  p r e d i c t i o n  of a p a t h o l o g i c a l  c o n d i t i o n  i s  very  c e r t a i n  (Addendum 

11). T h i s  means t h a t  i f  t h e  test i s  p o s i t i v e ,  also wi th  t h e s e  new 
l e v e l s ,  i t  i s  almost 100% c e r t a i n  t h a t  t h e r e  is an i n j u r y  t o  t h e  tested 

structure, either a c o l l a t e r a l  or a cruciate l i g a n e n t .  The PV ' alters i n  
t h e  case of a n t e r o p o s t e r i o r  i n s t c b i l i t y  only  f r a n  96% t o  94%. 

t h a t  h e r e  too it  may be deduced w i t h  an almost equa l ly  g r e a t  c e r t a i n t y  tha t  

a n e g a t i v e  r e s u l t  of t h e  test means t h a t  t h e r e  cannot  be a ( t o t a l )  rup tu re  

of a cruciate l i g m e n t .  

from 92% to  86%. B u t  as mentioned i n  Addendum 11, t h i s  lowering i s  due  t o  

t h e  fact t h a t  small i n j u r i e s  w i th  smal l  i n s t a b i l i t i e s  are no longer caught 

b y  t h e  test. Now, i t  h a s  to  b e  said, wi th  a p r o b a b i l i t y  of &out 14%, that  

i n  s p i t e  of Q n e g a t i v e  result of t h e  test t h e r e  may be a l igament  in ju ry .  

Since,  however, such s l i g h t  i n j u r i e s  u s u a l l y  d o  no t  i n d i c a t e  surgery ,  a low- 
e r i n g  of j u s t  t h i s  PV 

cr i t ical  

neg. 
T h i s  means 

For  medial i n s t c b i l i t y ,  however, t h e  PVnW changes 

i s  not  of much importance.  
neg. 

The c l i n i c a l  v a l u e  of t h e  test, thus ,  remains una f fec t ed  by t h e s e  4- 
j u s tmen t s  of t h e  cr i t ical  l e v e l s  ( c f .  Wulff 1973 b ) .  

In  g e n e r a l ,  t h e  r i s k  and d i scomfor t  t o  t h e  p a t i e n t  a t  gonylaxometry 
8 - 12 exposilres of t h e  knee do no t  amount t o  a l a r g e  i r r d i a t i m  are s l i g h t .  

dose, and t h e  method as u s e d  h e r e  does n o t  r e s u l t  i n  f u r t h e r  r u p t u r e  of 

p a r t i a l l y  rup tu red  l i g m e n t s .  In  a few cases, however, i t  h a s  e n t a i l e d  pain, 

and i f  so i t  h a s  been i n t e r r u p t e d  ( f r e s h  i n j u r i e s ) .  

Thus, even a f t e r  rounding o f f  t h e  calculated v a l u e s  and c r i t i ca l  levels 

to whole ciphers i n  t h e  way stated, t h e  test h a s  proved f u l l y  v a l i d  occord- 

i n g  t o  p r o s p e c t i v e  c l i n i c a l  t e s t i n g  (Addendum 11) .  
Whether i t  i s  reasonable t o  use t h e  974% upper l i m i t  f r a n  a "knee 

sound" popu la t ion  as t h e  c r i t i ca l  l e v e l  i n  a test depends upon t h e  conse- 

quences of f i x i n g  t h i s  l e v e l ,  and such exunples  of f i x i n g  d i f f e r e n t  cri t i-  

cal l e v e l s  have been d i scussed  by Wulff (1973 a )  and by Baden e t  01. (1971), 

In  t h e i r  cases, however, enzymatic tests were made, w i t h  marked overlapping 

between t h e  test v a l u e s  f o r  normal and d i s e a s e d  popu la t ions .  I n  gonyloxo- 

metry, which i s  performed i n  cases o f  wel l -def ined  i n j u r i e s ,  t h e r e  has  been, 

wi th  t h e  rounded cr i t ical  l e v e l s  based upon 97& fractiles, l i t t l e  over- 

lopping  of r e s u l t s  for  nctrmol pe r sons  and p e r s o n s  wi th  c l i n i c a l l y  significoni 

i n  j u r i e s .  

5 f :  Con t ra - ind ica t ions  t o  t h e  Examination 

Con t ra - ind ica t ions  w i l l  b e  d i scussed  i n  Addendum 11, b u t  w i l l  b e  b r i e f l y  out- 

l i n e d  here :  
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(1)  L i f e - th rea t en ing  c o n d i t i o n s  t o  b e  g iven  p r e f e r e n c e  t o  o r thopaed ic  

surgery .  
Cond i t ions  i n  which t h e  p o p l i t e a l  a r t e r y  i s  i n j u r e d  or th rea t ened  

(e.g.  d i s l o c a t i o n  of  t h e  knee)  and c o n d i t i o n s  i n  which t h e  peronea l  

nerve  i s  pa ra lysed .  

( 2 )  

(3 )  Complicating, major f r a c t u r e s  of ad jocen t  bones. 

(4) 

( 5 )  

I n t r a - a r t i c u l a r  f r a c t u r e s  of t h e  knee.  

Cond i t ions  i n  which r u p t u r e  of a l i g m e n t  h a s  been a s c e r t a i n e d  by 

p l a i n  radiography (bone a v u l s i o n s  a t  t h e  sites of i n s e r t i o n  or o r i g i n )  

i n  which i t  may b e  f e a r e d  t h a t  t h e  method w i l l  i n c r e a s e  t h e  i n j u r y .  
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CHAPTER 6 

PRESENT INVESTIGATIONS: RESULTS 

6 a: 

5 a 1: 

The presuppositions f o r  being able t o  describe and measure disorders by a 

given method are knowing t h e  normal l i m i t s ,  the IInormal range", and the accu- 

racy o f  the method. The l a t t e r  aspect was described i n  the preceding chcpter, 

but  the deductions drawn there are  a lso  based on the examination o f  the normal 

Examination o f  the Knees o f  100 Normal Persons and Discussion 

Composition and relevance o f  the mater ia l  

knees t o  be discussed here. 

100 normal persons w i t h  sound knees were exmined (Addendum I). The cri* 

t e r i a  o f  normali ty are described i n  the Addendum. 

the composition o f  the group with respect t o  age and sex was canpletely hano- 
geneous and corresponded i n  age t o  the group o f  pa t ien ts  who empir ica l ly  are 

most apt t o  sustain i n j u r i e s  t o  the knee liganents, v is .  mainly during the 
age range 20 t o  50 years. 

i s  relevant. 

I t  was substantiated that 

Thus, the age d i s t r i b u t i o n  o f  the normal material 

Among the l a s t  50 cont ro ls  (group $1, i t  was demonstrated tha t  no 

systematic d i f fe rence ex i s t s  between the parameters of  t he  r i g h t  and l e f t  knee 

Therefore, i t  i s  possible t c ,  ca lcu la te  the normal d i f ference between the two 

legs as regards the various paraneters f o r  l i g m e n t  i n s t o b i l i t y  by using the 

numerical d i f fe rence (/cR - cL/(medial i n s t o b i l i t y )  as an exanple). 

found tha t  despite a marked d i f fe rence f rom 

meters - the ''normal range" being very wide - the difference, inc lud ing the 

er ro r  o f  measurement, between the two normal knees o f  the same person was ol- 
ways very small. 

i .e .  the border l ine  against disorders, 2 mm f o r  medial and l a t e r a l  instob i l i ty  

and 3 mn f o r  an ter io r  o r  pos ter io r  displacement f o r  the d i f fe rence between o 

person's two knees. This method o f  ca lcu la t ion  proved t o  apply unchanged fran 
20 kp t o  30 kp t r a c t i o n  a d  pressure, arid i t  renders the values independent a 

sex, height, l e g  length, and body weight which a f fec t  the upper 974% l i m i t s  f d  

the var ia t ions  i n  the paramters f o r  each l e g  separately. 

greater dimension causes s i g n i f i c a n t l y  higher values f o r  the paraneters. 

appl ies t o  height, l e g  length, as w e l l  as body weight. I t  has been demon- 

s t ra ted also tha t  the d i f fe rence i n  parameter s ize between the two sexes i s  

due t o  a d i f fe rence i n  dimension between the two sexes (Addendum I). 

I t  was 

one person t o  another i n  a l l  paro 

According.ly, i t  i s  permissible t o  use as c r i t i c a l  levels, 

The f a c t  i s  that a 

This 



- 67 - 

6 a 2: 

were investigated. 

a, an the radiograph o f  the unloaded knee j o i n t  i n  "neutral  pos i t ion  

i n  r e l a t i o n  t o  the analogously cu t  o f f  l i n e  segment, c, during abduction, the 

difference, c-a, ind ica t ing  medial s t a b i l i t y  o r  i n s t a b i l i t y .  I n  the sane way 

a di f ference between l i n e  segments, measured l a t e r a l l y  a t  r e s t  and during ad- 
duction, denoted l a t e r a l  s t a b i l i t y  or  i n s t a b i l i t y .  

soon s imp l i f ied  t o  ca lcu la t ing  the di f ference between the subject 's two knee 

j o i n t s  during stress, v iz.  /cR - cL/ f o r  medial i n s t a b i l i t y  and /dR - dL/ f o r  

l a t e r a l  i n s t a b i l i t y .  

the subjects f e l t  the knees were a t  res t  did not seem well-defined. However, 

subsequent cont ro l  calculat ions have shown tha t  these quant i t ies measured a t  

rest, a and b respectively, d id  not carry a greater inaccuracy than the measure 

ments during stress, medially c and l a t e r a l l y  d. 

tha t  the method o f  Kennedy and Fowler (1971) (c-a) i s  j us t  as accurate as 

/cR - cL/. 

reason: one exposure and two measurements with appurtenant calculat ions were 

obviated (Addendum I ) . 

D i f fe ren t  p o s s i b i l i t i e s  o f  measuring the various types o f  i n s t a b i l i t y  

Thus, medial i n s t a b i l i t y  was measured as a l i n e  segment, 

160°" 

These measurements were 

This a l t e ra t i on  was done because the pos i t ion  a t  which 

I t  must be a d m i t t e d ,  then, 

However, the method o f  Kennedy and Fowler was abandoned f o r  another 

I t  was attempted also t o  use "landmarks" i n  cent ra l  - parts o f  the j o i n t  

t o  measure anter ior  o r  poster ior  displacement o f  the proximal end o f  the t i b i a  

- i . e .  a s ingle di f ference i n  parameter t o  denote a possible anter ior  or pos- 

t e r i o r  drawer sign (4). 
method i s  p r a c t i c a l l y  the same as that o f  the present one. 

i n  measuring the displacement o f  each t i b i a 1  condyle separately i n  re la t i on  t o  

the respective femoral condyle and using the mean as a measure o f  the displace- 

ment of the proximal end o f  the t i b i a .  This i s  done on the sane X-ray f i l m ,  so 

tha t  i t  does not increase the number o f  exposures. It gives the sane resu l t  as 

measurement by the a id  of  cen t ra l  "landmarks", and - most important of a l l  - i t  
simultaneously af fords a p o s s i b i l i t y  o f  calculat ing the rotat ion.  

measurement 

n u d e r  of parameters (Mdendum I). 

This i s  pract icable too, and the inaccuracy o f  t h i s  

The l a t t e r  consists 

Therefore, 

f rom cent ra l  "landmarks" was abandoned - again t o  r e s t r i c t  the 

6 a 3: 

and i t  can be demonstrcitkl by ro ta t i on  o f  the foo t  only, without t rac t i on  or 

pressure, and by t rac t i on  and pressure i n  posi t ions o f  ro ta t ion  of the foot.  

The formulae f o r  ro ta t i on  i n  these cases have been given above under "Method, 

and t h e i r  c r i t i c a l  leve ls  have also been deduced and investigated on the basis 

of the normal mater ia l  (Addendum I ) .  

Rotation can be found a t  t rac t i on  and pressure i n  the neutral  position, 

These formulae express the ro ta t i on  as 
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t h e  d i f f e r e n c e  i n  d isp lacement  between t h e  t i b i a 1  condy les  i n  mm i n s t e a d  of as 

degrees of an arc. 

Other  methods were also tested wi th  t h i s  set-up, i .e .  t h e  gonylaxometer, 
because o t h e r  workers have measured by e x t e r n a l l y  f a s t e n e d  appa ra tuses ,  us ing  
t h e  degrees of an arc - so t h a t  convers ion  t o  such d e g r e e s  f a c i l i t a t e s  a corn- 

pa r i son .  Th i s  r evea led  a mean e x t e r n a l  r o t a t i o n  i n  t h e  knee j o i n t  of 15' at 
45' e x t e r n a l  r o t a t i o n  of t h e  f o o t  and an  i n t e r n a l  r o t a t i o n  i n  t h e  knee  j o i n t  
of 13' at  i n t e r n a l  r o t a t i o n  i n  t h e  foot of 4 5 O  fran t h e  ' ' neu t r a l  p o s i t i o n  90°". 
I n  t h e s e  extreme p o s i t i o n s  t h e  s u b j e c t s  reported a s e n s a t i o n  of p a i n  i n  t h e  
knee  j o i n t s  - a d  fo rced  r o t a t i o n  a g a i n s t  such p a i n  The 
mean of t h e  to ta l  excur s ion  of 28' would p r o b d l y  have been h ighe r  i n  t h a t  
event ,  as i n d i c a t e d  by p rev ious  studies i n  vivo. 
hand, t h e  r o t a t i o n  has  proved less at 90' f l e x i o n  i n  t h e  knee  ( v i d e  i n f r a ) .  
Attempts a t  a t r i g o n a n e t r i c  c a l c u l a t i o n  of t h e  r o t a t i o n  on t h e  b a s i s  of t h e  
p a r a n e t e r s  measured on t h e  X-ray films showed a fair agreement wi th  t h e  ex- 
t e r n a l  measurements i n  a smaXl series of 12  s u b j e c t s  (Addendum I ) .  However, 
bo th  of t h e s e  l a t te r  forms of  measurement c a r r y  marked inaccuracy  - an inoccu- 
rocy which i n c r e a s e s  i n  t h e  presence  of d e v i a t i o n s  from normal, i.e. i n  l i g a -  
ment i n j u r i e s  and &normal r o t a t i o n s ,  t h e  very objects of s tudy  f o r  which the 
appa ra tus  was developed. inaccuracy  w i l l  be expla ined  i n  more d e t a i l  i n  
Addendum I .  I t  i s  less than  i t  would be on rotation measurement i n  a case of 
l i g a n e n t  r u p t u r e  i n  t h e  way suggested by O u e l l e t  et 01. (1968).  These workers 
used t h e  r o t a t i o n  c e n t r e ,  and thereby  t h e  l e n g t h  of t h e  radius, i n  t h e i r  cal- 
c u l a t i o n .  
c e n t r e  i s  unknown. 
gony laxmet ry ,  t h e  c a l c u l a t i o n  i s  s t i l l  poss ib l e ,  but  t h e  inaccuracy  increases 
wi th  i n c r e a s i n g  r o t a t i o n .  Therefore,  i t  was abandoned. 

was no t  a t t e n p t e d .  

I n  t h e  cadaver ,  on t h e  o ther  

The 

This  is  n o t  p o s s i b l e  i n  an  i n j u r e d  knee, i n  which t h e  r o t a t i o n  
By t h e  t r i gonomet r i c  method used i n  connec t ion  wi th  t h e  

More than  h a l f  t h e  r o t a t i o n  tckes p l a c e  i n  t h e  a n k l e  j o i n t  i n  t h i s  set-up, 
as i t  i s  n o t  s t i f f l y  imnobi l ized .  
Slocurn and Larson (1968).  
f o o t  f i x e d ,  bo th  i n  15' e x t e r n a l  r o t a t i o n  and i n  30' e x t e r n a l  r o t a t i o n  i n  order 
t o  imitate as f a r  as p o s s i b l e  t h e  test of Slocum and Larson (1968).  
p r a c t i c e ,  they  
be ing  performed wi th  a 90' f l e x e d  knee "and 
a t e d  15 degrees" ,  a somewhat i n a c c u r a t e  s ta tement ,  as accord ing  t o  t h e  
f i n d i n g s  t h e  f o o t  rotates more than  twice as much as t h e  knee j o i n t .  

The same a p p l i e s  t o  t h e  c l i n i c a l  test of 

Therefore,  i n v e s t i g a t i o n s  were c a r r i e d  out wi th  the 

I n  c l in i ca l '  

performed t h i s  test accord ing  t o  d i s c r e t i o n ,  d e s c r i b i n g  it as 

t h e  f o o t  and leg e x t e r n a l l y  rot-  
I 

present 

The magnitude of r o t a t i o n  i n  normal knees  can  b e  s t a t e d  i n  d i f f e r e n t  w ~ y s ,  

The numerical  v a l u e s  for t h e  formula ( ( e n  - er) - ( f n  - f r ) l  c f .  Chopter 5 ,  d 2. 
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which denotes 

out a n t e r i o r  o r  p o s t e r i o r  stress, a re  g iven i n  Addendum I, Tables 22, 23, and 

33. For each knee i t  averages 4 mm a t  a 1 5 O  ex terna l  r o t a t i o n  o f  the  foot,  8 

mn a t  30' externa l  r o t a t i o n  o f  the  foot,  and 6 mn a t  30' i n t e r n a l  r o t a t i o n .  

The 97%% upper l i m i t  i s  12 mn a t  30' externa l  r o t a t i o n .  

a t  t r a c t i o n  and pressure i n  a n e u t r a l  p o s i t i o n  o f  the  f o o t  i s  somewhat less:  

range a t  t r a c t i o n  up t o  5 mm and a t  pressure up t o  7 mn. D i f fe rence between 

r i g h t  and l e f t  knee < 3 m. These and other  r o t a t i o n  measurements a re  g iven 

i n  Addendum I, Tables 29, 30, 31, and 32. 

r o t a t i o n  i n  the  knee j o i n t  on r o t a t i o n  o f  the  f o o t  alone, w i t h -  

Rotat ion o f  the  knee 

6 0 4 :  Mag n i t u d e  o f  l a t e r a l  and medial  s t o b i l i t y  and a-p displacement 

Contemplation o f  Table 2 af fords an impression o f  t h e  magnitude o f  medial  sta- 

b i l i t y ,  paraneter c, on valgus s t ress  upon normal knees: 5 - 12 mn. 

s t c b i l i t y ,  paraneter d, ranges fran 9 - 17 mn. The d i f f e r e n c e  between a 

person's two knees i s  wi th in much narrower l i m i t s :  

1.4 mm, o f  /dR - dL/ 2.0 mm. 

n e u t r a l  p o s i t i o n  o f  the  foo t .  

two knees i s  considerably l e s s  marked. 

o r  displacement o f  the  t i b i a l  condyles i n  r e l a t i o n  t o  the femoral condyles 

i n  t h e  sane knee dur ing  t r a c t i o n  or  pressure vary according t o  t h e  i n i t i a l  posi- 

t i o n  i n  which t h e  f o o t  has been f i x e d  (Tables 19, 25, 26, and 27 i n  Addendum 

I). There may be a n t e r i o r  displacements up t o  10-12 mn f o r  one condyle i n  a 

normal knee and up t o  17 mn o f  t o t a l  anteroposter ior  displacement f o r  one con- 

dyle.  

l a t e r a l  j o i n t  chanber, c f .  Tables 19, 25, 26, and 27, 5th column, i n  Addendum 

I. 

L a t e r a l  

upper l i m i t  o f  kR - cL/ 

Table 2 a lso  shows the a-p displacements o f  the  t i b i a l  condyles a t  a 

Here too, the  d i f fe rence between a person's 

Inc identa l l y ,  the  a n t e r i o r  and pos ter i -  

However, the  t o t a l  anteroposter ior  movement i s  always grea ter  i n  t h e  

Within the normal m a t e r i a l  about 6400 paraneter readings were made on 

X-ray f i l m s .  

6 a 5: 
The advantoge o f  t h e  present method over non-radiological  methods, i n  which 

t h e  apparatus has t o  be fastened ex terna l l y  on the  s o f t  t i ssues  of  t h e  lower 

lid, i s  t h a t  i t  

t i ssues  ( 3 ) .  I n  T i l l b e r g ' s  (1977) method, f o r  instance, the  measuring equip- 

ment was fastened ex terna l l y  wi th  tape on the  t h i g h  and lower l e g  i n  t h e i r  

long axes. 

in f luences t h e  r e s u l t s  of the  measurements, especia l ly  i f  t h e  subject  i s  obese. 

Discussion o f  method and f i n d i n g s  i n  100 normal subjects 

avoids t h e  inca lcu lab le  uncer ta in ty  due t o  s h i f t s  o f  the sof t  

I n  t h a t  way, i t  can hard ly  be avoided t h a t  so f t - t i ssue s h i f t i n g  
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External measuring equipment 

may a lso i e  inf luenced by sof t - t issue s h i f t s  over these bony pa r t s  (3, 4). 
which i s  based upon bony pa r t s  close t o  the sk in  

Gonylaxmetric studies on normal subjects can be canpared with the  methods 

of others which have o f ten  been tested, t o  a major o r  minor extent, on normal 

subjects. His 

measurements are not based on X-ray f i lms, but on repeated external measurements 

using the mean of the resu l t s  obtained. 

d i f ference o f  measurements between a person's two knees as a measure o f  ins tcb i -  

l i t y ,  t h i s  value being lower and more constant than 

vary a great deal f r o m  one person t o  another. 

view. 

knees of normal persons t o  average 1 mn. 
sent f indings, the d i f ference mong 34 persons, a t  a 20 kp load, averaging 0.9 

mm -1 mm (corrected f o r  10% magnif icat ion on the X-ray f i l m :  mean = 0.8 mn). 

Upper l i m i t  (974%) 2.6 mm, corrected 2.4 mn. 

Sy lv in  reported that  t h i s  l i m i t  was 2.5 mn. 

Such cunparcble speci f icat ions have been given by Sylv in  (1975). 

Further, he recmends  using the 

the t o t a l  excursions which 

The present author shares t h i s  

Sy lv in  found the d i f ference between m t e r i o r  displacement i n  the two 

This i s  i n  agreement w i t h  the pre- 

A c loser  agreement can hard- 

l y  be found between 2 apparatuses f o r  measuring an ter io r  s t a b i l i t y .  

p r i nc ip les  o f  the methods d i f f e r ,  the extremely i d e n t i c a l  resu l t s  confirm each 

other t o  q u i t e  a p a r t i c u l c r  extent. 

forms of i n s t c b i l i t y .  

As the 

Sy lv in 's  cpparatus cannot measure other 

For anter ior  displacement i n  one knee Sylv in  found mean values f r o m  3.02 

mn i n  young women t o  5.00 mn i n  men between 2 1  and 36 years of age, and 4.80 i n  

men f rom 41 t o  50. 

5 mn, i n  good keeping w i th  the 4.1 mn found i n  the present study (Addendum I, 
Table 19) .  

The mean f o r  a l l  subjects i s  stated t o  be sanewhot belcm 

Markolf e t  a l . ' s  method (1978), electrcgoniometry, ( c f .  Chapter 2 b), 

using manual stress upon the  t i b i a  i n  sudden jerks, has no mechanical safe- 

guard against too f o r c e f u l  

i n s t a b i l i t y  as the mean i n  sound knees agrees w i th  the gonyloxometric f ind-  

ings i n  which the mean was 5.7 mn measured on the X-ray f i l m ,  corrected 5.1 

mn. Thus, i n  both methods the rounded f i g u r e  i s  5 mn. On the other hand, 

t h e i r  f i nd ing  o f  o very marked d i f ference between the two knees of the sane 

person must be due t o  an inaccuracy o f  t h e i r  method. 

of 26 - 35%. I n  the  gonylaxometer the corresponding mean values were 17.5% 

f o r  medial i n s t c b i l i t y ,  15.5% fo r  l a te ra l ,  and 2P4 f o r  a-p i n s t a b i l i t y ,  i n -  

cluding the inaccuracy o f  the measurement which const i tu ted the greater pa r t  

o f  t h i s  d i f ference i n  normal knees. 

stress actions. Their f i nd ing  o f  a 4.0 mn a-p 

They s ta te  mean values 

I n  a short paper Nyga (1970) has reported an cn ter io r  displacement o f  

2 - 5 mm i n  normal subjects. He used a simple measuring technique, mcking 
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no d i s t i n c t i o n  between the displacement o f  the l a t e r a l  and medial condyles, and 

no mention i s  made of the nunber o f  normal subjects o r  any pa t ien t  moterial.  

According t o  Volkov (1971), an ter io r  displacement o f  the proximal end of 

the t i b i a  of 10 mn or over i s  abnormal, s ign i fy ing  t o t a l  rupture o f  the A b  
(confirmed by surgery i n  22 cases). 

was not calculated. 

been performed. 

The d i f fe rence from the uninvolved knee 

I t  i s  not  stated whether studies on normal subjects had 

I n  the normal mater ia l  (Addendum I )  the use o f  20 kp t r a c t i o n  showed an 

upper c r i t i c a l  l e v e l  (9% l eve l )  o f  7.0 mn, and a t  30 kp o f  7.4 mn (range up 

t o  8.5 mm). This i s  i n  qu i te  good agreement w i t h  the c r i t i c a l  l e v e l  selected 

by Volkov. 

Kennedy and Fowler (1971) have given a thorough descr ip t ion o f  several 

series which can eas i l y  be canpcred w i t h  the  present study. 

t e r i a l  canprised measurements on 110 knees, which may be in terpreted as measure- 

ments o f  the knees o f  &out 55 young people, ac t i ve  a th le tes  without a h is tory  

o f  knee in ju r i es .  

a l l y  the some way as i n  the present study - w i t h  Q few exceptions, c f .  (4) - 
the numerical values f o r  the various paraneters can be compared. Kennedy and 

Fowler reported the range o f  medial i n s t o b i l i t y  a t  20' f l e x i o n  in the knee of 
normal persons t o  be 0.8 mm t o  3.5 mn. 

c-a (expressed l i k e  the formulcie o f  the present study). 

cu la t i on  was soon re jected i n  the present study, but yet  the range f o r  34 
normal subjects (17 males and 17 females) a t  9 kp loading can be given (Addend- 

um I, 68 measurements): 1.1 mn t o  6.1 mn. A f te r  correct ion f o r  magnif icat ion 

on the X-ray f i l m s  t h i s  amounts t o  1.0 mn - 5.5 mn. 

not  mention whether such correct ion was performed. 

magnification, the highest value measured was 57% higher i n  the present ma- 

t e r i a l  than i n  Kennedy and Fowler's. 

ably wider "normal range'' by h i s  own method, using instead /c, - c,/ o r  

- c  ('injured unin jured), 
i n  the s ize o f  the parmeters between the r i g h t  and l e f t  knee (Addendum I ) .  
However, the resu l t s  o f  the measurements agree roughly w i th  Kennedy and Fowler's. 

For an ter io r  s t o b i l i t y  i n  the normal knee Kennedy and Fowler found a displace- 

ment from 0.0 - 5.0  mm, and th is .app l ied  t o  both condyles. The present author 

found considerably greater mob i l i t y  o f  the l a t e r a l  t i b i a l  condyle i n  re la t ion  

t o  the femoral condyle, up t o  9.1 mn a t  20 kp  t r a c t i o n  and up t o  10.2 mn a t  30 

kp t rac t i on  

of  20 kp and 7.4 mn a t  30 kp. 

and medial t i b i a l  condyle appl ies a lso t o  pressure exer t ing the sane forces 

Their normal ma- 

As these meusurements were made on X-ray f i l m s  i n  fundanent- 

This paraneter they measured as the 
This method o f  ca l -  

Kennedy and Fowler do 

Even a f t e r  correct ion fo r  

Thus, the present author found a consider- 

s t a t i s t i c a l  analysis showing no systematic difference 

i n  the neutra l  pos i t i on  than of  the medial one: 5.5 mn a t  t ract ion 

This d i f fe rence i n  mob i l i t y  between the l a t e r a l  
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(Addendum I and (4)), the t o t a l  displacement o f  the l a t e r a l  t i b i a l  condyle a t  

neutral 

one calculated f rom the  mean values (Addendum I). 

findings o f  Her te l  and Schweiberer (1975). 

metal marks on the t i b i a l  condyles and using a simpler measuring technique 

than the present one, they found the 

greater than t h a t  o f  t he  medial one i n  the i n t a c t  knee f lexed 90'. 

al ly, t h i s  phenomenon has long been known by anatomists (Winslow 1719, Weber 

and Weber 1836, Fick 1911, Palmer 1957, Kaplan 1962). One explanation why 

Kennedy and Fouler d i d  not recognize t h i s  fact may have been a de f ic ien t  use 

of landmarks on the X-ray f i l m ,  c f .  (2)  and (4) .  

the 

a t  exposures wi th 15' and 30' external ly  ro tated foo t  as w e l l  as w i th  30' i n -  

te rna l l y  ro tated foo t  - with s l i g h t  deviat ions i n  the means, x, (Addendum I, 

Tables 19, 25, 26, 27). 

pos i t i on  of the foot  (force: 30 kp) being twice tha t  o f  the medial 

This i s  confirmed by the 

X-raying cadaveric knees with 

mob i l i t y  o f  the l a t e r a l  condyle t o  be 

Incident- 

I t  has nothing t o  do with 

pro jec t ion  or  w i th  d i s t o r t i o n  on the radiograph, and i t  applies unchanged 

- 

Kennedy and Fowler (1971) had no well-defined baseline on which t o  

perform the measurements on the l a t e r a l  radiograph. 

p a r a l l e l  wi th the lower edge o f  the f i l m .  

su l ts  under unfortunate ci rcumstances (4). 

They measured on a l i n e  

This may g ive r i s e  t o  varying re- 

Rotatory s t a b i l i t y  is measured i n  the gonylaxometer w i th  the foo t  sup- 

ported, bu t  the j o i n t  does not even bear 

supported by i n f l a t e d  c u f f s  (3). 

s i tua t ion  d i f f e r s  essentici l ly f r c m  the set-up with hanging lower leg. 

best canparison is ,  therefore, w i th  the resu l t s  of authors who have used the 

sane experimental condit ions: 90' f lexed knee and supported foo t  and thigh. 

I n  llexternal" examination o f  ro ta t i on  by means o f  the scale on the f l o o r  of 

t he  gonylaxometer a t o t a l  ro ta t i on  of 2B0 i n  the knee i s  found, external 

(45') p lus  i n t e r n a l  ro ta t i on  o f  the foo t  (45') t o t a l l i n g  90'. 

of maximal r o t a t i o n  was not  attenpted as 

Ross (1932), i n  100 normal subjects, found a t o t a l  ro ta t i on  averaging 37O, 

18' i n t e r n a l  and 19' external ro ta t ion .  

fresh, i n t a c t  cadaveric knees, found a 

Hall6n and Lindahl (1965) an average o f  26O. 

Ruetsch and Morscher (1977), measuring the t o t a l  ro ta t i on  i n  21 normal sub- 

jects, found a mean o f  36'. This i s  i n  qu i te  good conformity w i t h  the pre- 

sent findings, although no attenpt was made a t  i den t i ca l  experimental condi- 

t ions. 

the weight of the th igh  which i s  

Because the foo t  i s  supported, however, the 

The 

Determination 

by the workers t o  be quoted below. 

I n  the 90' f lexed knee Meyer (1853) found a t o t a l  ro ta t i on  of 42'. 

Brantigan m d  Voshell (1941), using 

ro ta t i on  o f  up t o  24' i n  90' f lexion, 

The greater p o s s i b i l i t y  o f  r o t a t i o n  i n  l i v i n g  knees than i n  cadaveric 
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knees is s t r i k i n g  i n  t h e  ncimed series. 

good agreement between t h e  exper iments  of Ross (1932) and Ruetsch and Morscher 

(1977) ( t o t a l  r o t a t i o n  of 37' and 36' r e s p e c t i v e l y )  under exper imenta l  con- 

d i t i o n s  which were e n t i r e l y  i d e n t i c a l .  Cons ider ing  t h e  greater r i g i d i t y  of 

codave r i c  knees, t h e  exper imenta l  results and also c u t t i n g  exper iments  on coda- 

v e r i c  knees  m u s t  b e  regarded wi th  sane  r e se rve .  

Las t ly ,  i t  i s  worth p o i n t i n g  o u t  t h e  

6 b: I n v e s t i g a t i o n s  of In ju red  Knees and Discuss ion  

6 b 1: 
The s c i e n t i f i c  va lue  of gonylaxunet ry  is  c l e a r l y  based on t h e  f a c t  t h a t  i t  
measures i n  known p h y s i c a l  u n i t s  which can  be s t o r e d  and used f o r  canpar i son  

i n  p o s s i b l e  later follow-up. 

Agreement between results of measurement and o p e r a t i v e  f i n d i n g s  

I t  i s  a p resuppos i t i on  of t h e  method as a measuring ins t rument  of sci- 
e n t i f i c  va lue  t h a t  it i s  a p p l i c a b l e  also c l i n i c a l l y .  I n  o t h e r  words, t h a t  i t  
can  d i s t i n g u i s h  wi th  great occurocy between normal and i n j u r e d  knees.  

I t  i s  a d i f f e r e n t  motter a l t o g e t h e r  whether i t  i s  going  t o  g a i n  gene ra l  
ground i n  c l i n i c a l  practices as a d i a g n o s t i c  aid.  Th i s  m u s t  depend on whether 
o t h e r  d i a g n o s t i c  methods a f f o r d  approximately t h e  sane d i a g n o s t i c  r e l i a b i l i t y  

and are a t  t h e  sane time cheaper  and less time-consuming. 

Both a s p e c t s  w i l l  b e  e l u c i d a t e d  by t h e  p r e s e n t  i n v e s t i g a t i o n s  of pa t i en t s  

w i th  knee i n j u r i e s  (5 ,  6, 7,and Addendum 1 1 ) .  

The c l i n i c a l  s i g n s  which have p rev ious ly  been most thoroughly inves t i -  

gated are medial  and lateral  i n s t h i l i t y  as w e l l  as t h e  a n t e r i o r  and p o s t e r i o r  

d r w e r  s i g n .  I t  was n a t u r a l ,  t h e r e f o r e ,  t o  select t h e s e  f o u r  s i g n s  i n  a clini-  
cal  study of t h e  p r a c t i c a l  v a l u e  of gonylaxunetry and t o  omit r o t a t i o n  measure- 

ments, as t h e r e  i s  s t i l l  g r e a t  c l i n i c a l  d i sagreement  

of r o t a t o r y  i n s t h i l i t y  and t h e  v a r i o u s  r o t a t i o n  p a t t e r m .  

Trickey (1977) and Warren e t  a l .  (1974),  u n l i k e  Slocum and Larson (1968) and 

Hughston and Eilers (1973, f e e l  t h a t  t h e  SMCL p l a y s  a greater role i n  r o t a t o r y  

stability ( c o n t r o l l i n g  e x t e r n a l  r o t a t i o n )  than  do  t h e  DMCL and M L .  

concern ing  t h e  g e n e s i s  

For in s t ance ,  

T h i s  view formed t h e  b a s i s  of t h e  a n a l y s i s  i n  Paper 5 which reported on 
a p rospec t ive ,  consecu t ive  c u n p a r a t i v e  s tudy  of 
( 1 )  stress rodiograp,hy, 

(2 )  c l i n i c a l  exan ina t ion  of lateral and medial i n s t a b i l i t y  cnd t h e  d r w e r  sign, 
and 

i n v e s t i g a t i o n  of t h e  :sane s i g n s  under gener.01 a n m i t h e s i a .  

I 

( 3 )  
The o p e r a t i v e  d i a g n o s i s  w a s  i n  a l l  cases t h e  f i n d  check on t h e  preopera- 

t i v e ,  t e n t a t i v e  d iagnoses .  On t h i s  b a s i s  i t  could be  eva lua ted  which of t h e  
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preopera t ive  f i n d i n g s  were t r u e  p o s i t i v e ,  TP, true nega t ive ,  TN, f a l s e  p o s i t i v e ,  

FP, and f a l s e  nega t ive ,  FN. Th i s  makes it p o s s i b l e  t o  calculate t h e  PV and 

Wneg. 
B u t  a presuppos i t i on  is comple te  i n v e s t i g a t i o n ,  as done here :  

examined underwent ope ra t ion ,  also t h o s e  i n  whom t h e  measurements had g iven  nega- 

t i v e  results. The last-mentioned were p a t i e n t s  having haemor thros is  of t h e  

knee and who were subjected to o p e r a t i o n  on t h e  c l i n i c a l  i n d i c a t i o n  of suspec ted  

ligament rup tu re ,  and i n  whom t h e r e  were o t h e r  i n t r a a r t i c u l a r  , i n j u r i e s  as well. 
I t  was apparent  from t h e  s tudy  t h a t  gonylaxometry was t h e  b e s t  of t h e  tests tried.  
judging by t h e  d i a g n o s t i c  p r o b m i l i t i e s ,  t h e  PV and PVneg., bu t  so c l o s e l y  

fo l luued  by exon ina t ion  under g e n e r a l  a n a e s t h e s i a  t h a t  w i th  95% conf idence  l i m -  
i t s  i t  was n o t  p o s s i b l e  t o  d i s t i n g u i s h  d e f i n i t e l y  between t h e  t w o  tests. Con- 

s i d e r m l y  poorer  results were ob ta ined  by o r d i n a r y  c l i n i c a l  assessment.  Fur- 

thermore, t h e  comparison of t h e  t h r e e  t y p e s  of examination was reduced t o  a 

purely q u a l i t a t i v e  d iognos i s :  lateral/medial i n s t a b i l i t y  or not ,  to ta l  an te ro -  
p o s t e r i o r  i n s t a b i l i t y  to  an abnormal e x t e n t  or n o t .  
( s en io r  r e g i s t r a r s  or c o n s u l t a n t s )  were n o t  &le t o  c a r r y  o u t  f u r t h e r  g rad ing  

w i t h  any c e r t a i n t y .  

thus, d i d  no t  even cane  t o  a tes t  i n  t h i s  assessment.  
The results concern  153 i n j u r e d  knee j o i n t s .  

Pas. 
of t h e  v a r i o u s  methods (Vecchio 1966, W u l f f  1973 a, (5 ) ,  and Addendum 1 1 ) .  

a l l  t h e  p a t i e n t s  

pos.  

The c l i n i c a l  e x m i n e r s  

The a b i l i t y  of gonylaxometry f o r  q u a n t i t a t i v e  eva lua t ion ,  

Medial i n s t a b i l i t y ,  de- 
f ined  as t h e  d i f f e r e n c e  between t h e  i n j u r e d  and un in ju red  knee, was > 2 - 4 
mn i n  cases wi th  r u p t u r e  of t h e  DMT and M L .  
but never t o t a l l y  rup tu red  a t  t h i s  magnitude of i n s t a b i l i t y .  

was p resen t ,  t h e  i n s t a b i l i t y  w a s  > 4 mm and ranging  up to  17 mn (cinjured - 
C ) i n  e n t i r e  agreement wi th  Warren et 01. (1974)and wi th  Schweiberer 

and Hertel (1977).  In  cases o f  m r k e d  i n s t a b i l i t y  t h e r e  was co -ex i s t ing  rup- 

ture of t h e  cruciate l igaments  (5, F ig .  2 )  and p o s t e r i o r  f i b r o u s  capsule, as 
also repor t ed  by Holl&n and t i n d a h l  (1965 a ) .  

st*ility (d in ju red  - dun in ju red  ) was 20.8 mn. 

both cruciate l igamen t s  and of t h e  p o s t e r i o r  capsule co-exis ted .  

p a t i e n t s  had f r e s h  l i g a n e n t  r u p t u r e s .  
less marked (F igs .  3 and 4 i n  ( 5 ) ) .  

The Shxx might b e  p a r t i a l l y ,  

I f  t o t a l  r u p t u r e  

unin jured  

I n  one  case t h e  lateral in -  

In  t h i s  case too r u p t u r e  of 
The n m e d  

I n  o l d e r  r u p t u r e s  the d i f f e r e n c e  was 

A n t e r i o r  and p o s t e r i o r  d o m e r  s i g n s  of 14 - 18 mn were observed i n  f r e s h  
as well as i n  o l d e r  r u p t u r e s  of t h e  cruciate l igaments .  Below t h e  c r i t i ca l  
l i m i t  of 3 mn t h e r e  were only  M and p a r t i a l  rup tu res ,  and two cases of to ta l  
r u p t u r e s  i n  which t h e  knee  was locked by  a rneniscal bucket hand le  i n j u r y ,  

p lus  one case of an o l d e r  i n j u r y  ( 5 )  
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The test f o r  t h e  a b i l i t y  of t h e  method t o  d i s t i n g u i s h  normal from in -  
j u red  knees  and t o  measure t h e  size of t h e  l i g u n e n t  i n j u r y ,  thus ,  was i n  con- 
fo rmi ty  wi th  t h e  o p e r a t i v e  f i n d i n g s .  

s u i t a b i l i t y  as a c l i n i c a l  s c i e n t i f i c  measuring in s t rumen t .  

There can  be no doubt concern ing  its 

6 b 2:  

p r o b a b i l i t i e s  had t o  b e  canpared  wi th  t h o s e  of o t h e r  methods. 
was m a d e  w i th  c l i n i c a l  t e s t i n g  and wi th  t e s t i n g  under g e n e r a l  a n a e s t h e s i a .  

To assess t h e  c l in i cc i l ,  d i a g n o s t i c  v a l u e  of t h e  method i t s  d i a g n o s t i c  
This  comparison 

The " p r e d i c t i v e  va lue  of a p o s i t i v e  test", PVpos, (Wulff 1973 a )  i s  

The " p r e d i c t i v e  
de f ined  as t h e  p r o b a b i l i t y  of  t h e  p re sence  of a g iven  l i g u n e n t  i n j u r y ,  i f  

t h e  test for t h i s  i n j u r y  h a s  been p o s i t i v e  (Vecchio 1966). 
v a l u e  of a n e g a t i v e  test'', PV 
structure i s  no t  i n j u r e d ,  i f  t h e  result of t h e  test h a s  been nega t ive .  

PVpos and PV are be:jt eva lua ted  i n  t h e  90 cases of f r e s h  knee  in -  
juries (5), as t h e  i n j u r y  p r e s e n t s  i t s e l f  most c l e a r l y  at  ope ra t ion  i n  t h e  
a c u t e  s tage ,  b e f o r e  i t  h a s  become b l u r r e d  by cicatricial t i s s u e .  
l ists  t h e  p r e d i c t i v e  v a l u e s  
t h a t  t h e  conf idence  l i m i t s  to PV 
and t h e  t e s t i n g  under g e n e r a l  anaes thes i a ,  w h i l e  for PV they  are wide. 
T h i s  i s  because t h e  sum of p o s i t i v e  f i n d i n g s  i s  h igh  and t h a t  of nega t ive  
f i n d i n g s  low, c f .  Table 3. The exp lana t ion  is t h a t  a l r e a d y  at  t h e  i n s t i t u t i o n  

of t h e  c l i n i c a l  d i a g n o s t i c  procedure  t h e  p a t i e n t s  n o t  r e q u i r i n g  surgery  were 

sorted o f f .  This  was done f o r  e t h i c a l  reasons,  as peop le  were no t  t o  b e  
exposed t o  a subsequent o p e r a t i o n  except  on an i n d i c a t i o n  of haemar th ros i s  
w i th  a susp ic ion  of major i n t e r n a l  derangement or of menisca l  i n j u r y .  
was not  p o s s i b l e  t o  collect  a major series of such persons .  Therefore ,  as 
is  apparent  also f r a n  t h e  tdde, t h e  wide conf idence  l i m i t s  f o r  PV 
to  t h e  small numbers, i .e. few pe r sons  and, bes ides ,  i n  p a r t i c u l a r  very few 
f a l s e  nega t ives .  
p a r a b l e  wi th  t h o s e  of t h e  PV,,o; which i n d i c a t e  
measurements. 
founded d i s i n c l i n a t i o n  t o  invo lve  p a t i e n t s  w i th  nega t ive  c l i n i c a l  f i n d i n g s  
i n  f u r t h e r  exan ina t ions  and surgery .  Never the less ,  t h e  f i n d i n g s  of  c l i n i c a l  
t e s t i n g  were t h e  poores t  ones.  Table 

4, s e t t i n g  out t h e  f i n d i n g s  f o r  t h e  drawer s igns ,  i s  a s i n p l i f i c a t i o n  of 
Toble 14 i n  Addendum 11. Moreover, i t  m u s t  b e  emphasized t h a t  as FN t h e  
au tho r  inc luded  i n j u r i e s  which at subsequent o p e r a t i o n  proved t o  b e  p a r t i a l  
r u p t u r e s  - which ha rd ly  a f f o r d  on i n d i c a t i o n  f o r  surgery .  

i s  d e f i n e d  as t h e  p r o b a b i l i t y  t h a t  t h e  given 
neg' 

neg 

Table 3 

f o r  medial i n s t a b i l i t y .  I t  m u s t  b e  mentioned 
are extremely narrow f o r  gonylaxanet ry  

POS 
neg 

I t  

are d u e  
neg 

These conf idence  l i m i t s  are occord in ly  not  imnedia te ly  com- 

a very g r e a t  accuracy of t h e  
The few FN i n  t h e  c l i n i c a l  test also r e p r e s e n t  t h e  e t h i c a l l y  

The sane  a p p l i e s  t o  t h e  drawer s i g n s .  
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Table 3 

Predictive values in knee injuries = 14 days. Medial instability. < 

Gcnylaxometry: TN = 2 1 ,  FN = 5 ,  TP = 63., FP = 0 ,  N = 89  

6 3  = ___ = 100 % predictive value of pos.test = PV = TP + Fp 63 + 
TP 

PO S 

( 9 5  % confidence limits: 94 - 100 % )  

81 % neg TN + FN 21 + 5 - 
TN - 2 1  predictive value of neg; test = PV = - - ~ = 

( 9 5  % confidence limits: 61 - 9 3  %) 

Clinical test: TN = 10, FN = 2, TP = 6 6 ,  F P  = 12, N = 90. 
- 6 6  TP - 66 +- 12 = 85 % (75 - 9 2  % )  ''pas = TP + FP - 

83 % ( 5 2  - 98 % )  TN I0 - pv  = - = - =  
neg TN + FN 10 + 2 

Testunder General A n a e s t h e s i a T N  = 20, FN = 3, T P  = 65,  FP = 2 ,  N = 90 

TP 65 = 97  % ( 9 0  - 100 % )  - p v  = - -  pos TP + FP - 6 5 + 2  

= 8 7  % (66  - 97 % )  - 2 0 + 3  - TN - 20 
P V  = neg TN + FN 

TN = true negative, T P =  true positive, FN = false negative, 

FP = false positive, N = number of patients tested.. 

From : Acta or thop .  s c a n d .  48, 301 - 310, 1977 
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Toble 4: P r e d i c t i v e  va lue  uf p o s i t i v e  test, PVpos, and p r e d i c t i v e  va lue  of 
< nega t ive  test, PV f o r  drawer s i g n s  i n  knee i n j u r i e s  = 14 days.  

neg' 

A n t e r i o r  drawer s i g n  Gonyl.axometry Test under g e n e r a l  C l i n i c a l  test 
anaes  t h e sia 

5'4% 83% 59% 

86% 83% 79% 
pvpos 

"neg 

P o s t e r i o r  drawer s ign  

pvpos 

PV 
neg 

5' 5% 

100% 

99% 96% 

Gonylaxometry, as c a r r i e d  out i n  t h i s  i n v e s t i g a t i o n ,  u s ing  local anaes- 

t h e s i a ,  gave  t h e  best results. Under g e n e r a l  a n a e s t h e s i a  i t  would presum- 
cb ly  b e  cble t o  a f f o r d  even g r e a t e r  p r e c i s i o n .  I t  w i l l ,  t he re fo re ,  be the 

b e s t  tool i n  c l i n i c a l  s c i e n t i f i c  work. However, c l i n i c a l  t e s t i n g  under gen- 

eral a n a e s t h e s i a  gave  results very close t o  t h o s e  of gonylaxometry, and i t  
i s  cheaper  and easier, so t h a t  i t  m u s t  be expected t o  b e  f u l l y  j u s t i f i ed  for 
g e n e r a l  c l i n i c a l  diagnostic:  use. 

6 b 3: An te r io r  drawer s i g n  was found i n  t h e  p re sence  of i n j u r y  t o  t h e  KL, 

connected i n  most cases wi th  t o t a l a  p a r t i a l  r u p t u r e  of t h e  K L s  (5, Fig.  2) .  

B u t  i s o l a t e d  a n t e r i o r  drcwer s igns ,  i n  cases of i s o l a t e d  r u p t u r e  of t h e  KL, 

were fbund also i n  t h e  group of p a t i e n t s  w i th  acute i n j u r i e s ,  Cases  64, 67, 
and 75, t h e  last-mentioned one  having a very small tear of t h e  SMCL. How- 

ever,  t h e s e  drawer s i g n s  are small ones  and only  j u s t  exceed t h e  c r i t i ca l  
l e v e l s .  

formal in-prepared  cadave r i c  knees: t h a t  isolated c u t t i n g  of t h e  ACL i n  such 
knees  does  no t  g i v e  rise to  a drawer s ign .  Dexel et  01. (1977), however, f w  
i n  r a d i o l o g i c a l  studies wi th  manual t r a c t i o n  on specimens, a few mn anter ior  

d ruue r  s i g n  after i s o l a t e d  c u t t i n g  of t h e  ACL. So d i d  t h e  p r e s e n t  au thor  fin: 
t h i s  phenanenon on stress radiography i n  a few p a t i e n t s  w i th  isolated ruptun 
of t h e  E L .  of t h e  drawer s i g n  i s  presumobly t h e  reason 

why i t s  e x i s t e n c e  was d e n i d  by Hughston et 01. (1976, I )  whose e x m i n a t i o n  
was pure ly  c l i n i c a l .  

arises only  i f  t h e  K L  i s  i n j u r e d .  
i n  t h e i r  i n v e s t i g a t i o n s  they  de f ined  t h e  a n t e r i o r  drawer s i g n  bo th  wi th  the 
f o o t  i n  t h e  n e u t r a l  p o s i t i o n  and i n  i n t e r n a l  and e x t e r n a l  r o t a t i o n .  On the 

Indeed, t h i s  a g r e e s  wi th  T r i c k e y ' s  (1977) f i n d i n g s  i n  t h e  more rigid, 

The s l i g h t  deg ree  

In  their paper  they  claim t h a t  a n . a n t e r i o r  drawer sign 

I t  should b e  bo rne  i n  mind, however, that 
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b a s i s  of my c l i n i c a l  f i n d i n g s ,  I can  agree p a r t l y  wi th  t h e s e  a u t h o r s  - but 
without s u b s c r i b i n g  t o  t h e i r  sha rp  fo rmula t ion .  Judging from Cases  87 and 
88 i n  Addendum 11, I can  consent  to  t h e  fo l lowing  fo rmula t ion :  
t h e  PCL wi th  an i n t a c t  KL ( p l u s  r u p t u r e  of t h e  DMCL and O K L  and of t h e  
f i b r o u s  ccpsule pos t e romed ia l ly  - i .e.  inc lud ing  t h e  o b l i q u e  p o p l i t e a l  liga- 

ment) t h e r e  moy b e  an a n t e r i o r  drawer s i g n  a long  wi th  
ever,  I m u s t  adhe re  t o  t h e  formula t ion :  t h a t  r u p t u r e  of t h e  PCL normally 
g i v e s  rise t o  a p o s t e r i o r  drawer s ign ,  sometimes also r o t a t o r y  i n s t a b i l i t y  
due  t o  r u p t u r e  of o t h e r  structures, e .g .  t h e  medial ones  as i n  Case 87 i n  
Addendum 11. 
i u p t u r e  of t h e  medial structures by a t r a c t i o n  test wi th  15' r o t a t i o n  of t h e  
f o o t .  I n  Hughston et a l . '  s nomenclature, t h i s  i s  c a l l e d  an  a n t e r i o r  drawer 
s ign  wi th  e x t e r n a l l y  rotated foot. Opera t ion  d i s c l o s e d  r u p t u r e  of t h e  PCL, 

bu t  an i n t a c t  ACL. With t h e  foot i n  n e u t r a l  p o s i t i o n  t h e r e  was no a n t e r i o r  
drawer s ign .  I t  m u s t  be noted, then, t h a t  i n  t h i s  r e s p e c t  t h e  disagreement 
i s  on a pure ly  abstract l e v e l ,  v i z .  i n  t h e  d e f i n i t i o n s .  There is agreement 
i n  t h i s  case as w e l l  as i n  t h e  p rev ious  one, when correct t r a n s l a t i o n  i s  made 
f r m  one  n m e n c l a t u r e  t o  t h e  o t h e r .  

I n  r u p t u r e  of 

a p o s t e r i o r  one. How- 

In t h a t  case I demonstrated e x t e r n a l  r o t a t o r y  i n s t a b i l i t y  due  t o  

There may be y e t  ano the r  cause of t h e  d isagreement  concern ing  t h e  role 
of i n j u r y  t o  t h e  PCL i n  t h e  v a r i o u s  forms of a n t e r o p o s t e r i o r  i n s t a b i l i t y :  
Even on close i n s p e c t i o n  i t  may be d i f f i c u l t  t o  d e t e c t  minimal i n t r a l i g a n e n t -  
ous p a r t i a l  rup tures  which have been demonstrated mic roscop ica l ly  by Noyes et 
01. (1974) and by Kennedy e t  01. (1976) a f t e r  exper imenta l ,  v i o l e n t  stress 
a c t i o n s .  Such f i n e  r u p t u r e s  of i n d i v i d u a l  f i b r e s  may p r e s u m h l y  lead to  a 
s l i g h t  l eng then ing  of t h e  l i g a n e n t .  
v i  s i b 1  e. 

They occur before an actual r u p t u r e  i s  

I n c i d e n t a l l y ,  it must b e  emphasized t h a t  a n t e r i o r  drawer sign, w i th  t h e  
f o o t  i n  n e u t r a l  p o s i t i o n ,  was observed i n  a s s o c i a t i o n  wi th  i n j u r y  t o  t h e  ACL. 
and p o s t e r i o r  drawer s i g n  i n  connec t ion  wi th  r u p t u r e  of t h e  PCL, i n  agree- 

ment w i th  Palmer (1938) old more r e c e n t l y  Furman et 01. (1976) and Dexel e t  
01. (1977).  Fu r the r ,  t h e  p r e s e n t  material conf i rms  t h e  g r e a t  importance of a 

minimal i n j u r y  t o  t h e  collateral  l i g a n e n t s  i n  demonst ra t ing  an a n t e r i o r  drawer 
s i g n  which would otherwise! ha rd ly  be v i s i b l e  c l i n i c a l l y  (Palmer 1957).  
drawer s i g n  i s  t h e  g r e a t e r ,  t h e  g r e a t e r  t h e  co -ex i s t ing  i n j u r i e s  t o  t h e  c o l l a t -  
erals. F i g u r e s  14 and 15 (Cases 76 and 90) show t h e  stress rod iogrcph ic  
appearances  of drawer s igns ,  F igu re  16 of lateral i n s t a b i l i t y  (Case 70).  

The 
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a 

F i g u r e  14: S t r e s s  rad iography i n  Case  76: 

- CI Very marked medial i n s t a b i l i t y ,  so marked as t o  occur only  wi th  co -ex i s t en t  

r u p t u r e  of a l l  medial l igaments ,  t h e  p o s t e r i o r  capsu le ,  and bo th  cruciate 

l i g m e n t s .  

d rawer  s ign ,  

A t  t h e  same t i m e ,  t h e  lateral views show a n t e r i o r  and p o s t e r i o r  

- b and - d r e s p e c t i v e l y .  

- c Neu t ra l  p o s i t i o n  wi thou t  l oad ing .  

The p o s t e r i o r  drawer  s i g n  i s  q u i t e  marked. 
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Figure 15: Case 90. Posterior drawer sign, shearing fracture of the 
digital  impression of the area intercondylaris anterior, and 

impression fracture of the medial femoral condyle. Hyperex- 

tension injwry. 
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Figure 16: Latera l  i n s t a b i l i t y  i n  rupture of the LCL, i l i o t i b i a l  tract, 

both c ruc ia te  ligcments, poster ior  capsule, p o p l i t e a l  and 

biceps tendons. Case 70. Such marked i n s t c b i l i t y  does not 

occur u n t i l  both c ruc ia te  ligcments, the poster ior  capsule, 

and the l a t e r a l  structures have ruptured. 

I n  p a r t i a l  ruptures of the c ruc ia te  l igcments a drawer sign was gen- 

e ra l l y  not demonstrcble. There i s  an anatomical explanation: The ACL i s  

composed o f  a postero la tera l  part, tau t  i n  extension and looser i n  90' 
f l ex ion  o f  the knee, and an anteromedial pa r t  which i s  tau t  i n  90' f lex ion .  

This  phenomenon was described I n  8 of the FN measure- 

ments i n  p a r t i a l  ruptures, the rupture was o f  the postero la tera l  f i b r e s  , 

(hyperextension i n  j u r i es )  , whereas the anteranedial f ibres,  which are taut 

i n  90' f l e x i o n  of the knee, the pos i t ion  i n  which the stress radiography i s  

done, were preserved. I n  t h i s  s i t ua t i on  there i s  no p o s s i b i l i t y  of produc- 

ing a drawer sign. 

on the measuring c b i l i t i e s  o f  the method. 

i n  Chapter 3 b. 

Therefore,these FN values can i n  f a c t  hardly be blcmed 
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I t  i s  inpor tant  t o  po in t  'out t ha t  there i s  no f r e e  i n t e r v a l  between the 

upper l i m i t  o f  a normal a-p mob i l i t y  and p o s i t i v e  drawer signs due t o  cruciate 

i n  ju ry  or between la tera l /media l  s t a b i l i t y  and la tera l /media l  i n s t a b i l i  t y  . 
There are qu i te  even t rans i t i ons  from normal values through s l i g h t l y  &normal 

values, t o  la rge  drawer signs or la tera l /media l  i n s t a b i l i t i e s .  This i s  t o  be 

expected i n  a b io log i ca l  mater ia l  i n  which 

i n  which the sever i ty  o f  the signs a lso  depends upon the s ta te  of  other l i ga -  

ments and o f  the capsular apparatus (Addendum 11). 
f ind ings  must have been caused by too s t r i c t  a c l i n i c a l  se lect ion of  the ma- 

t e r i a l s  (Kennedy and Fowler 1971, Sy lv in  1975). 

canplex i n j u r i e s  are camon, and 

Previous, c o n f l i c t i n g  

6 b 4: Rotatory i n s t c b i l i t y  

C l i n i c a l  examination was no t  merely i n f e r i o r  i n  diagnostic m i l i t y  (measured 

by the PV and PV ) for la tera l /media l  i n s t c b i l i t y  and d r w e r  sign. The 

c l i n i c a l  examiner a lso  had d i f f i c u l t y  i n  assessing whether a ro ta to ry  fac to r  

entered i n t o  the evaluation o f  the signs. 

hand, such an analysis i s  practicable, even quant i ta t ive ly ,  f o r  exanple 

Case 105 (Addendum 11): 

I f  external ro ta t i on  i s  t o  be demonstrated i n  the form o f  an an ter io r  d is-  

placement of the proximal end of  the t i b i a  wi th external ly  ro ta ted  foo t  and 

t ib ia ,  and thus be a sign o f  i n j u r y  t o  the K L s  alone, a t e s t  f o r  an ter io r  

displacement should be negative i n  a neutra l  posit ion, bu t  pos i t i ve  i n  a 

pos i t i on  of  external ro ta t i on  of' the foo t .  A t  the sane time, i t  must be de- 

manded tha t  subsequent operation discloses i n t a c t  c ruc ia te  l iganents and i n -  

j u ry  exclusively t o  the K L s .  (Slocum and Larson's tes t  presupposes tha t  i t  

has been ensured a p r i o r i  that  the l a t e r a l  ligaments are i n t a c t ) .  

Test f o r  an ter io r  drawer sign i n  "neutra l  pos i t i on  90°" (Cn) gave 0.9 mn, i . e .  

i t  was negative; wi th a 15' external ly  ro tated foo t  i t  was 3.7 mn, v iz .  posi- 

t ive; w i th  30' external ly  ro tated foot i t  was 6.6 mn, v iz .  h igh ly  pos i t i ve .  

A medial i n s t a b i l i t y  o f  4.5 mrn was measured. The operative f ind ings  were i n  

agreement wi th a l l  these f indings. There were three s imi la r  cases: 101, 106, 
and 107. 

POS neg 

By the gonylaxaneter, on the other 

Slocum and Lorson's (1968) theory could be confirmed: 

Case 105: 

A v io len t  increase o f  a drawer sign, demonstrated with the foot  i n  a 

neutra l  pos i t ion,  was found on repeating the exanination i n  1 5 O  o r  30' ex- 

te rna l  ro ta t i on  i n  the presence of  rupture of  the ACL and t o t a l  rupture of the 
KLs (Addendum 11, Case 78). 

Lorson's tes t  a lso ind icates i n j u r y  t o  the K L s .  

This increase i n  the drawer sign i n  Slocum and 

I n  a l l ,  59 cases of  ro ta t i on  of  d i f f e r e n t  types were denonstrated i n  
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53 knee j o i n t s  onong the 153 cases o f  knee in ju ry ,  i .e .  sane form of  ro ta t i on  

i n  about one-third. 

"Def in i t ions"  occurred. The most c m o n  forms were simple medial ro ta to ry  i n -  

s t a b i l i t y  (23 cases) and c:omplex anteromedial ro ta to ry  i n s t a b i l i t y  (20 cases). 

I n  most instances the i n s t a b i l i t y  and the ro ta t i on  could be explained by the 

i n j u r i e s  found a t  operation (Addendum 11). 

influences the ro ta to ry  s t a b i l i t y ,  a lso  according t o  f ind ings i n  the present 

mater ia l  (Cose 127 and others). 

Inc identa l ly ,  a l l  the forms of  ro ta t i on  mentioned under 

It i s  l i k e l y  tha t  themeniscus too 

External r o t a t i o n  (simple medial ro ta to ry  i n s t h i l i t y  o r  complex an- 

teromedial ro ta to ry  i n s t h i l i t y )  was found i n  32 cases i n  which the mechanism 

o f  the trauma hod been iden t i ca l :  

degree o f  knee f l ex ion  or  on a f u l l y  extended knee. 

mechanism o f  the i n j u r y  (Addendum 11). 

demonstrated i n  9 cases. 

that  presumably the abduction component hod exerted most in f luence during the 

trauma. 

medial ligaments alone rupture i n  the abduction-external ro ta t i on  traumas and 

when the ACL ruptures as wel l .  

abduction-external ro ta t i on  i n  a varying 

This i s  the most c m o n  

In te rna l  r o t a t i o n  on pressure was 

When fu r the r  l o d i n g  i n t o  these cases i t  was found 

The study does not al low the ex t rac t ion  o f  any r u l e  as t o  when the 

I t  i s  a very important feature(5 and Addendum 11) tha t  i n  62% of  the i n -  

j u r i e s  sustained more than 3 months previously there was no medial i n s t a b i l i t y  

when measured f r a n  the "neutral pos i t i on  160°". However, i t  has been pointed 

out (5) tha t  t h i s  does not i nd i ca te  anything concerning ro ta to ry  i n s t a b i l i t y .  

I n  Addendum I1  i t  w i l l  be demonstrated tha t  11 of  these 23 cases exhibited 

r o t d o r y  i n s t a b i l i t y  o f  sane type or  other. 

6 b 5: Role o f  the sensory innervat ion o f  the ligaments 

An in te res t ing  phenomenon, mentioned i n  the descr ip t ion  o f  ligament anatany 

(Chapter 3, f), was manifest i n  the  present series of  patients. 

Payer (1927) and Palmer (1938) suggested tha t  apart f r a n  being purely 

passive s tab i l i ze rs  i n  the j o in t ,  the l iganents presurrdbly had an equally i m -  

portant funct ion as sensory organs, se t t i ng  the ac t ive  s tab i l i ze rs  of  the j o i n t  

i n t o  ac t ion  as soon as the j o i n t  i s  approaching cn unfortunate extreme posi t ion.  

It was s t r i k ing ,  i n  the present ser ies o f  in ju red  knee jo in ts ,  tha t  i n  many 

cases o f  p a r t i a l  ligcnnent rupture, i n  which sane of the nerve f i b r e s  must be 

assumed t o  have become 

resistance against an ter io r  o r  pos ter io r  displacement. , I n  t o t a l  rupture there 

was no resistance t o  displacement, as a lso pointed out by Palmer (1938, 1958). 
This has proved t o  be the 'case i n  a nurtber o f  fresh, i so la ted  p a r t i a l  ruptures 

act ivated without ye t  being interrupted, there was 
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of medial collateral l i gamen t s  (Cases 12  - 24, 33, 41, Addendum 11),  i n  which 

ccmparison w i t h  t h e  un in ju red  l e g  gave  a n e g a t i v e  v a l u e  on t e s t i n g  an te ropos te r io r  

s t c b i l i t y .  On t h e  o t h e r  hand, i t  was p o s s i b l e  t o  demonst ra te  s l i g h t  lateral/ 
medial i n s t c b i l i t y ,  g e n e r a l l y  of :2 - 4 mm as compared wi th  t h e  un in ju red  s ide .  

Obviously, i t  i s  easier t o  overcome t h e  r e f l ex -cond i t ioned  muscular r e s i s t a n c e  

i n  t h e  f r o n t a l  p l a n e  i n  t h e  "160° p o s i t i o n "  than  i n  t h e  s a g i t t a l  p l a n e  wi th  

90" f l e x i o n  i n  t h e  knee. 

a n t e r o p o s t e r i o r  d i sp l acemen t s  of condyles  which b e a r  p a r t i a l l y  rup tu red  l i g a -  

ments. 

The named muscular i n h i b i t i o n  of d i sp lacement  was found also i n  cases where 

t h e  l i g m e n t  f i b r e s  had ruptured ,  b u t  were s t i l l  assembled benea th  t h e  connec- 
t i v e - t i s s u e  menbrane of t h e  l i g a n e n t  . 

The s t rong  femora l  and lower-leg muscles resist 

T h e  sane a p p l i e s  i n  cases of p a r t i a l  r u p t u r e  of t h e  cruciate l i g m e n t s .  

6 b 6 : P r o c t i c a l  S c i e n t i f i c  App l i ca t ion  of t h e  Method 

To demons t r a t e  t h e  way i n  which t h e  method is  a p p l i c a b l e  i n  
r e f e r  t o  paper  7. 
g i c a l  t r ea tmen t  of a n t e r i o r  i n s t c b i l i t y  due  t o  p o s t t r a u m a t i c  a t rophy  of t h e  

ACL. 

There were two groups  of p a t i e n t s .  

25 opera t ed  knees, hod undergone t h e  o p e r a t i o n  b e f o r e  t h e  stress rad iog rcph ic  

method had been f u l l y  developed. 

opera ted  knees,  had had t h e  ope ra t ion  a f t e r  t h e  method hod become o v a i l o b l e .  

In  t h e s e  5 cases, t h e r e f o r e ,  

stress rodibgrophic  s t u d i e s  wi th  t h o s e  a t  f o l l w - u p .  

p r a c t i c e ,  l e t  m e  
T h i r t y  p d i e n t s  were re -exmined  about 2 y e a r s  after s u r -  

The o p e r a t i v e  method hod been t h a t  desc r ibed  by Jones  (1963, 1970).  
The former,  comprising 25 p a t i e n t s  w i th  

The lat ter,  compr is ing  5 p a t i e n t s  w i th  5 

t h e r e  was a p o s s i b i l i t y  of comparing p r e o p e r a t i v e  

In  t h e  former 25 p a t i e n t s  t h e  follow-up gonylaxunet ry  was done f o r  medial 
and lateral  i n s t c b i l i t y  as well 0s f o r  a n t e r i o r  and p o s t e r i o r  drawer s igns ,  and 

t h e  result was assessed by canpa r i son  wi th  t h e  p a r m e t e r s  i n  t h e  p a t i e n t ' s  un- 

i n j u r e d  knee. 

ought t o  b e  f u l l y  s a t i s f a c t o r y .  

trols i n  t h i s  r e s p e c t  (Table  5 i n  paper  7). 
f a i r l y  marked drower s i g n s  prior t o  t h e  opero t ion ,  and at  follow-up they  had 

s l i g h t  d i sp lacements ,  showing a g r e a t ,  measurcble improvement. Moreover, a t  
follow-up t h e  d i f f e r e n c e s  between t h e  i n j u r e d  

p a t i e n t s  were small (exceeding 3 mn i n  on ly  one  c a s e ) .  

c l i n i c a l  and s u b j e c t i v e  e v a l u a t i o n  of t h e  results as be ing  good. 
t i e n t s  of t h e  l a r g e  group who hod similar small drawer s i g n s  st follow-up were 
g e n e r a l l y  s a t i s f  ied too. 
by a p o s t e r i o r  drawer s ign .  

According t o  t h e  i n v e s t i g a t i o n s  reported i n  Addendum I, t h i s  

The small group of 5 p a t i e n t s  a c t e d  as con- 

These lat ter p a t i e n t s  h d  hod 

and un in ju red  knee i n  t h e s e  
Th i s  ugrees wi th  t h e  

Those pa- 

P e r s i s t i n g  compla in ts  i n  t w o  cases were e x p l i c a b l e  

A f w had s l i g h t  medial  i n s t o b i l i t y .  Rota tory  
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i n s t d i l i t y  was no t  demonst rab le  i n  any case. 

t i e n t ' s  good knee  at  follow-up i s  f u l l y  up t o  a comparison of measurements be- 
f o r e  and after ope ra t ion .  The reason  why a few mn of a n t e r i o r  drawer s i g n  was 
nearly always p r e s e n t  a t  follow-up may be t h a t  t h e  new l i g a n e n t  i s  t igh tened  
i n  t h e  course of t h e  o p e r a t i o n  wi th  t h e  knee close 
at follow-up t h e  measurement i s  done wi th  t h e  knee i n  90' f l e x i o n .  Therefore,  
t he  new l i g a n e n t  r e p r e s e n t s  t h e  p o s t e r o l a t e r a l  p a r t  of t h e  ana tomica l  l i g a n e n t  
which i s  taut a t  ex tens ion  i n  t h e  knee and l a x  at  90' f l e x i o n  ( c f .  F igs .  4 and 
5 i n  Chapter 3 b ) ,  K L ,  taut i n  90' f l e x i o n ,  
i s  lacking  i n  t h e  a r t i f i c i a l  l igcment .  

Thus, comparison wi th  t h e  pa- 

to  ex tens ion  (175'), whereas 

whereas t h e  a n t e r i o r  p a r t  of t h e  

In t h e  i n v e s t i g a t i o n s  of i n j u r e d  knees  &out 3500 parameter measurements 
were made on t h e  X-ray f i l m s .  

6 7: 
C l i n i c a l  t e s t i n g  of an appa ra tus  t o  de te rmine  its d i a g n o s t i c  p r o b d i l i t y  (PV 
and PV 

ject ( s t a b i l i t y  of knee  l i g m e n t s ) .  
t h e  d i a g n o s t i c  v a l u e  o f  t h e  method wi th  t h e  results of o t h e r s .  
meter va lues  can  b e  compared. 

Conparison of P r e s e n t  Results w i t h  Those of O t h e r s  Measuring In ju red  Knees 

POS 
), as done here ,  h a s  n o t  been r epor t ed  i n  t h e  literature on t h i s  sub- 

neg 
Accordingly, i t  i s  d i f f i c u l t  t o  compare 

B u t  t h e  para- 

Kennedy and Fowler (1971) s t u d i e d  a group of p a t i e n t s  wi th  75 &normal 
knees. These were o l d  i n j u r i e s  t h a t  can  b e  compared wi th  knees  from &normal 
group 3 of t h e  p r e s e n t  material, v i z .  i n j u r i e s  o l d e r  than  3 months. Such pa- 
t i e n t s  can  b e  exanined wi thout  a n a e s t h e s i a .  These a u t h o r s  found medial i n s t a -  
b i l i t y .  (c-a) o f  3 .0  mn t o  8.5 mn anong t h e s e  p a t i e n t s ,  or from 0 t o  5.'0 mn i n  
excess  of t h e i r  "cri t ical  l e v e l "  (3 .5  mn). 

cal l e v e l  (cinj - c 
i n  group 3 was exceeded by from 0 t o  2 .6  mn. i n  t h e  most se- 

ve re  case of t h e  group (Addelndum 11) was 13 .6  mn and (cinj - cuninj ) = 4 . 6  
mm. As &normal materials vary  more than  d o  normal ones, t h e r e  seems t o  b e  
s a t i s f a c t o r y  agreement between my f i n d i n g s  and Kennedy and Fowle r ' s  i n  t h i s  
r e s p e c t .  

In  t h e  p r e s e n t  material t h e  c r i t i -  
) = 2 mm ( i n j . = i n j u r e d  knee, u n i n j .  = un in ju red  knee) 

D i s t ance  cinj 
. u n i n j .  

Kennedy and Fowler' s (1971) a n t e r i o r  d i sp l acemen t s  were measured for each 
condyle  s e p a r a t e l y ,  but i n  cases where t h e  condy les  moved equa l ly  t h e  va lues  
g iven  are mean va lues ,  i .e. t h e  a n t e r i o r  drower s i g n  as de f ined  by t h e  p r e s e n t  
au thor .  
medial i n s t d i l i t y .  
from 6.0 t o  12.9 mn i n  one  group and from 7.0  t o  20.0  TI i n  t h e  o the r ,  i .e. 

from 1 . 0  t o  15 .0  mn i n  excess  of t h e i r  cr i t ical  l e v e l .  No v a l u e s  are g iven  

They had two s e p a r a t e  groups,  one wi th  and one wi thout  co -ex i s t ing  
By Kennedy and Fowler t h i s  i s  r epor t ed  t o  have ranged 



f o r  to ta l  d i sp lacemen t s  i n  t h e  tables of Addendum 11, b u t  they  were from 6.3 
t o  23 .8  mn a n t e r i o r  d i sp lacement  i n  group 3 ( i n j u r i e s  more t h a n  3 months o l d )  

i n  p a t i e n t s  w i t h  r u p t u r e  of t h e  K L ,  x = 11.1 mn. 

s i g n s  t h e  range  went up t o  17 .2  mm i n  t h e  p r e s e n t  material. 
t h e r e  i s  comple te  agreement between my f i n d i n g s  and Kennedy and Fowle r ' s  
t h i s  r e s p e c t  too. 

Among f r e s h  a n t e r i o r  drawer 

I n  o t h e r  words, 
i n  

Kennedy et 01. (1974) r e p o r t e d  a n t e r i o r  d i sp l acemen t s  of t h e  same order  

as  above, v i z .  f r a n  5.1 t o  18.2 mm. 

Tillberg (1977), measuring t h e  a n t e r i o r  drawer s i g n  by e x t e r n a l l y  f ast- 
ened appa ra tus ,  also r e p o r t e d  a n t e r i o r  drawer s i g n s  of  1 0  - 20 mn i n  o l d e r  

i n j u r i e s  i n  s u b j e c t i v e l y  very u n s t a b l e  j o i n t s .  In  o t h e r  words, t h i s  i s  a 
magnitude about which t h e r e  i s  wide agreement. 

The last  group of p a t i e n t s  t h a t  Kennedy and Fowler (1971) r epor t ed  on 

( t h e i r  "group I " )  was c h a r a c t e r i z e d  by medial i n s t a b i l i t y  and a n t e r i o r  d i s -  

placement of t h e  media l  t i b i a l  condy le  i n  excess  of t h e  cr i t ical  l e v e l  (5 .0  
mn) on t r a c t i o n ,  wh i l e  t h e  d isp lacement  of t h e  lateral  t i b i o l  condyle  d i d  not 
exceed t h i s  l e v e l .  To quo te  t h e s e  a u t h o r s  " t h e  co inc idence  of t h e s e  two dis -  

p lacements  s u g g e s t s  e x t e r n a l  r o t a t i o n a l  i n s t a b i l i t y  or t h e  r o t a t o r y  i n s t a b i l i -  
t y  of Slocum and Larson . . . .I1. 
and Fowler touched upon t h e  p o s s i b i l i t y  of measuring r o t a t o r y  i n s t c b i l i t y  by 

stress radiography and i l l u s t r a t e d  i t  by a case report i n  which t h e  d i f f e r -  

ence  between a n t e r i o r  d i sp lacement  of t h e  medial and lateral t i b i a l  condyle 

was 9.4 mm. Th i s  i s  a h igh  f i g u r e ,  e s p e c i a l l y  when c o n s i d e r i n g  t h a t  normally 

i t  i s  the lateral  condy le  which moves more on t r a c t i o n .  

t h e  same t y p e  of r o t a t i o n  were observed i n  Case 2 of t h e  p r e s e n t  material i n  

which t h e  medial  t i b i a l  condy le  was d i s p l a c e d  8.4 mn a n t e r i o r l y  and t h e  l a t -  

eral  one only 2 .2  mm, a d i f f e r e n c e  of 6.2 mn. The under ly ing  i n j u r y  a f f ec t -  

ed only  medial structures. 

Thus, a l r e a d y  i n  t h e i r  f irst  study, Kennedy 

S i m i l a r  v a l u e s  and 

However, most cases of r o t a t o r y  i n s t a b i l i t y  w i l l  remain hidden, i f  

t h i s  i s  t h e  only  way of i n v e s t i g a t i n g  t h e  results. 
of t h e  parameters  between t h e  p a t i e n t ' s  i n j u r e d  and un in ju red  knee, as in- 

t roduced  i n  s tudy  6, r e v e a l s  t i  fa r  l a r g e r  number of cases. The explana t ion  

is s i n p l y  t h a t  a very g r e a t  mcivement of t h e  medial condy le  i s  needed t o  ex- 

ceed t h e  normally occur r ing ,  g r e a t e r  a n t e r i o r  d i sp lacement  of t h e  lateral  
t i b i a l  condy le  on t r a c t i o n .  

by comparison w i t h  t h e  p a t i e n t ' s  good knee, t h e  

t h e  normally occurr ing ,  o p p o s i t e l y  d i r e c t e d  r o t a t i o n .  Even more cases were 
d e t e c t e d  by means of t h e  formuilae developed f o r  t h e  s tudy  

A c o n s t a n t  comparison 

I f  t h i s  normal condy la r  movement i s  "eliminated" 

r o t a t i o n  i s  n o t  masked by 

of r o t a t i o n .  
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Roser e t  01. (197.L), i n  4 a t h l e t e s  w i t h  u n s t a b l e  knees,  u s e d  a s imple  
stress rad iog raph ic  method w i t h  ropes and p u l l e y s .  They measured lateral  and 
medial i n s t a b i l i t y  i n  t h e  160° p o s i t i o n  and used "Mar t in ' s  clear space" (Mar- 
t i n  1960, Chapter  2 b ) .  
l a t e r a l l y  10 - 1 6  mn, and t h e  a-p 

are presumably r a t h e r  i n a c c u r a t e ,  as t h e  measurements were made between " the  

c m o n  p o s t e r i o r  edges of t h e  femora l  condyles" (?)  and " t h e  t i p  of t h e  an- 
terior sp ine"  which may indeed  b e  rounded. 

They found "clear spacell media l ly  t o  b e  11 - 2 1  mn, 
i n s t a b i l i t y  5 - 11 mn. The la t te r  results 

Equipment and methods f o r  measuring r o t a t i o n  i n  an i n t a c t  knee  were de- 
scribed i n  Chapter  2 b. T h i s  h a s  been measured i n  normal, l i v i n g  pe r sons  by 
ex terna l  appa ra tuses  by Meyer (1853),  Ross (1932), and Ruetsch and Morscher 
(1977), b u t  never p r e v i o u s l y  on i n j u r e d  knees.  

Let i t  b e  mentioned t h a t  by t h e  g o n y l a x m e t e r  r ad iog raphs  of medial 
and lateral  i n s t c b i l i t y  can  also be t cken  w i t h  extended knees .  
t i o n  of i n s t a b i l i t y  i n  t h i s  p o s i t i o n  presupposes  r u p t u r e  of b o t h  cruciate 

l i g a e n t s  and of t h e  p o s t e r i o r  c a p s u l e  (Hall-& and Lindohl 1965 a, Dexel et al. 
1977). However, such s e v e r e  i n j u r i e s  are opparent  also from t h e  magnitude of 
t h e  lateral/medial i n s t t b i l i t y  i n  t h e  160' p o s i t i o n  (Chcpter  6 b and Addendum 
11). 

Demonstra- 

6 b 8: 

As t h e  d i a g n o s t i c  use of' gonylaxometry has  been d i s c u s s e d  here ,  a r thrography 
must be  mentioned i n  t h i s  connec t ion .  The lat ter method i s  u s e d  f o r  i n v e s t i -  
ga t ing  i n j u r y  t o  the cruciate l igaments ,  most f avourab ly  i n  connec t ion  wi th  an 
a n t e r i o r  or p o s t e r i o r  drcmer manoeuvre. I t  h a s  been u s e d  by B i rche r  (1933), 
with s i n g l e  and double  c o n t r a s t ,  and i t  has  r evea led  r u p t u r e  of t h e  cruciate 
l i g a e n t s  as well as l eckage  of c o n t r a s t  medium i n  ccpsular i n j u r i e s  i n  asso- 

c i a t i o n  w i t h  r u p t u r e s  of t h e  collateral l i gamen t s .  Lindblom (1938) found 
ar thrography wi th  s ing le .  c o n t r a s t  t o  be a p p l i c a b l e  i n  o l d  r u p t u r e s  of t h e  

cruciate l igaments ,  b u t  n o t  i n  f r e s h  ones, f i n d i n g  t h a t  t h e  c o n t o u r s  on t h e  
rad iographs  were b l u r r e d  by c l o t t e d  blood which rendered  t h e  d i a g n o s i s  uncer- 
t a i n .  c a p s u l a r  i n j u r y  
a s s o c i a t e d  w i t h  r u p t u r e  of t h e  collateral  l i g a e n t s  as a d i a g n o s t i c  s i g n  i n  
some cases, and so did  Seyss  (1'956) and F r e i b e r g e r  et al. (1966). 
a u t h o r s  used double  c o n t r a s t  i n v e s t i g a t i o n .  Mittler et a l .  (1972) and 
Pavlov and F r e i b e r g e r  (1978) recomnend doub le  c o n t r a s t  a r throgrophy f o r  v i sua-  
l i z i n g  i n j u r i e s  t o  t h e  cruciate l i g a e n t s ,  bu't do not  g i v e  any informat ion  
about a p a t i e n t  material. 

et  al ,  (1970), about ha l f  t h e  cruciate l i g a n e n t  r u p t u r e s  are overlooked i n  

Comparison wi th  Arthrography 

Palmer (1938) mentioned ledtage of c o n t r a s t  medium i n  

The la t ter  

According t o  B u t t  and McIntyre (1969) and Nicholas  
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Tcble 5 
Comparison of p r e d i c t i v e  v a l u e s  from Lil jedohl  et al. ' s a r t h r o g r c p h i c  material  
(1966) and t h e  p r e s e n t  stress rad iog raph ic  material. Both materials comprise 
r u p t u r e s  of t h e  cruciate l igamen t s  ( c f .  also Tcble 4 ) .  

L i l j e d a h l  et  a l . :  Fresh  i n j u r i e s :  
TP = 12, TN = 18, FP = 2, FN = 4, total  = 36. 

95% conf idence  l i m i t s  
- TN 18 

PVnw - T" = = 75% (53% - 90%) 

Gonylaxanetry: From paper  5, Table  4, f r e s h  i n j u r i e s :  

TP = 21, TN = 56, FP = 0, FN = 10, to ta l  = 87. 
= 100% (84% - 100%) pvpos 
= 85% (74% - 92%). "neg 

P a r t i a l  r u p t u r e s  are inc luded  as r u p t u r e s  i n  both  materials. 
underwent surgery .  

A l l  p a t i e n t s  

t h i s  method, FN = 50%. 
be better, b u t  n o t  reliable, and he  reported no numerical  v a l u e s  f r a n  patient!  
Wang and Marsha l l  (1975) stated t h a t  t h e  s i n g l e  c o n t r a s t  method was more re- 

l ic lb le ,  but t h e i r  a n a l y s i s  a f f o r d s  no p o s s i b i l i t y  of a sys t ema t i c  assessment 
of t h e  method, as on ly  h a l f  t h e  a r throgrophed  p a t i e n t s  underwent ope ra t ion .  
Therefore ,  i t  i s  no t  p o s s i b l e  t o  assess t h e  FN f i n d i n g s  and t h e  p r e d i c t i v e  
va lues .  

S t a p l e  (1972) found s i n g l e  c o n t r a s t  a r th rography  t o  

The only  sys t ema t i c  study t h a t  t h e  a u t h o r  
t h a t  of  L i l j e d a h l  e t  01. (1966).  Reviewing an o l d e r  series from 1940 - 1959, 
they  found a very h igh  pe rcen tage  of e r roneous  d i agnoses  and cases i n  which 
t h e  l i g a n e n t  could  not  be eva lua ted  (36  out  of 51 c a s e s )  as well as a conside 
d A y  better series from 1959 - 1962 ( t h e i r  g roup  I B) ,  and l a s t l y  d i d  a systc 

matic s tudy ,  imned ia t e ly  fo l luwed by o p e r a t i o n ,  on a group ( s e r i e s  11) of 36 
p a t i e n t s  w i th  whom d i r e c t  comparison i s  p o s s i b l e .  From t h e s e  a u t h o r s '  Toble 
3, i t  i s  p o s s i b l e  t o  c a l c u l a t e  p r e d i c t i v e  c a l v e s  ( c f .  Toble 5 ) .  The wider 
conf idence  l i m i t s  i n  L i l j e d d d  et  a l . ' s  material are due  t o  i t s  smaller size.  
Neve r the l e s s ,  gonylaxometry appea r s  t o  b e  more accurate, even when compared 

h a s  been clble t o  trace i s  
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w i t h  t h i s  very  c a r e f u l l y  performed a r th rography  material. 

generol a n a e s t h e s i a  also gives better p r e d i c t i v e  va lues .  

Exanina t ion  under 

"Computer-assisted tomography" can  v i s u a l i z e  an i n t o c t  c r u c i a t e  l i g a -  

ment (Pavlov et 01. 1978) .  

jured knees. 
As y e t ,  t h e r e  have been no  such studies of in -  

6 b 9: G n p a r i s o n  wi th  Othe r  Methods 

Mention may b e  made of a few simple measuring cppa ra tuses  w i t h  which no com- 
parison i s  p o s s i b l e  and which measure only  one  q u a l i t y .  K l e i n ' s  (1962),  cf: 
Chapter 2 b, was des igned  only  t o  measure l a t e r a l / m e d i a l  i n s t c b i l i t y  i n  f u l l  

extension. 

Lindohl 1965 a ) .  The 2O. 3 to  2O. 6 &duc t ion  and adduc t ion  i n s t c b i l i t y  meas- 
ured by Klein  may w e l l  have been caused  e x c l u s i v e l y  by s h i f t i n g  of t h e  soft  
tissues. Moreover, t h e  a p p a r a t u s  can  r e v e a l  on ly  v i o l e n t  i n j u r i e s ,  as 

la te ra l /media l  i n s t c b i l i t y  i n  e x t e n s i o n  i s  p o s s i b l e  on ly  i f  r u p t u r e  h a s  

occurred of t h e  collateral  l i gamen t s  on t h e  s i d e  concerned c o i n c i d e n t  w i t h  

rupture of b o t h  cruciate l i g a n e n t s  and t h e  p o s t e r i o r  j o i n t  c a p s u l e .  

juries are b e t t e r  demonstrated and measured i n  o t h e r  appa ra tuses ,  e.g. by 

gonylaxornetry, p. 7 5  I Chapter  4 b and Addendum 11. 

I n  t h i s  p o s i t i o n  t h e  knee  i s  stable i n  normal p e r s o n s  (Ha l l& and 

These in -  

K a l e n d  and Morehouse (1975) u s e d  an 'apparatus which measured d i a l  and 
l a t e r a l  i n s t c b i l i t y  l ' e x t e r n d l y "  i n  d e g r e e s  of an arc. 
found i n  normal, un in ju red  knees  on measurewnt  i n  10' f l e x i o n  appear  reason- 

able. 

The i n s t a b i l i t i e s  t hey  

K i t t l e s o n  et 01. (1967),  c f .  Chapter  2 b 'lgoniometry", d i d  not  s tate 
a d m i t  themselves  t h a t  t h e  any numerical v a l u e s  i n  t h e i r  report - and they  

apparatus i s  i n a c c u r a t e .  

Lowe and Sounders (1977) des igned  an cppa ra tus  f o r  a c t i n g  upon knee 

j o i n t s ,  one 

i n  a p o s i t i o n  ranging  from 150' a n g u l a t i o n  between t h e  femur and t i b i a  through 

180' t o  
This i s  p o s s i b l e  also i n  t h e  gonylaxometer, of bo th  legs at t h e  same t i m e .  

Greater d e g r e e s  of f l e x i o n  or a g r e a t e r  measuring p o t e n t i a l  w i t h  r ega rd  t o  

the  va r ious  t y p e s  of i n s t a b i l i t y  are not  w i t h i n  t h e  p o s s i b i l i t i e s  of t h e i r  

opparatus.  

measurements are t r a n s f e r r e d  t o  a g raph  by a s t r i n g - g a u g e - p o t e n t i m e t e r  de- 
vice. An unknown n u d e r  of a b j e c t s  had been tested, and. a t  0' (180' pos i -  

t i o n )  a total  lateral  + m e d i a l  d i sp lacement  of 94.7 i s  reported. 
i n  ogreenent w i t h  t h e  f a c t  t h a t  f u l l  ex t ens ion  and lock ing  of t h e  knee j o i n t  
i n  most normal peop le  d o e s  no t  occur u n t i l  a p o s i t i o n  of 

a t  a time, i n  a h o r i z o n t a l  p l a n e  du r ing  adduc t ion  or obduct ion  

190°, and consequent ly  t h e  e x m i n a t i o n s  can  b e  made i n  t h e s e  p o s i t i o n s .  

The a n a l y s i s  i s  no t  r d i l o g i c a l ,  b u t  g r a p h i c  goniometry, and t h e  

Th i s  i s  

185' t o  187'. 
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Wirth and Artmnn (1974), Chapter 2 b, have performed an analysis of the 

g l id ing movement between the t i b i a 1  and femoral condyles i n  knee jo in t s  wi th 

and without the An. The method i s  time-consuming and hardly generally applic- 

able, but the resul ts are very instruct ive.  

of  the t i b i a  without the E L  moves, during the l a s t  part  (45') of a loaded ex- 

tension, i n  an abnormally great g l i d ing  movement a t  least 10 mn more forward 

than i n  a norm1 knee jo in t .  

and 

order corresponding to  the drawer signs found by me and others (Kennedy and 

Fowler 1971, Volkov 1971, Ti l lberg 1977). 

They show that the proximal end 

I t  returns correspondingly during loaded f l e x i o n  

t h i s  leads t o  wear on the condylar cart i lage. This movement i s  of an 
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CHAPTER 7 

CONCLUSION 

The objec t  of t h e  p r e s e n t  s tudy ,  v i z .  t o  deve lop  f u r t h e r  and t o  i n v e s t i g a t e  t h e  

r e l i a b i l i t y  of  Kennedy and Fowle r ' s  (1971) method fo r  measuring i n s t o b i l i t y  i n  

the knee j o i n t  fo r  s c i e n t i f i c  use, was f u l f i l l e d  as follows: 
1. I t  was demonst ra ted  t h a t  t h e  method g i v e s  r e p r o d u c i b l e  measurements i n  p h y i -  
c a l  un i t s ,  mn. I n  o t h e r  words, t h e  inaccuracy  when measuring t h e  sune  parameter  

i n  t h e  same person  on r epea ted  o c c a s i o n s  i s  s u i t a b l y  mal l  i n  r e l a t i o n  t o  t h e  paro- 
meters measured. 

2. Parameter v a l u e s  for  i n j u r e d  knees,  t h e r e f o r e ,  can  be s t o r e d  and compared wi th  

the f i n d i n g s  after t r e a t m e n t  has  been c o n p l e t e d  i n  s c i e n t i f i c  t e s t i n g  of t h e  va lue  

of a t h e r q e u t i c  method. 

3. 
injured knees  i s  s u f f i c i e n t l y  shc rp .  

t ion i n  which g o n y l a x m e t r y  proved s u p e r i o r  t o  o t h e r  methods. 

necessary t o  f i x  t h e  "normal range", i . e .  t h e  cr i t ical  l e v e l s  i n  t h e  form of 

upper l i m i t s  t o  t h e  parameter v a l u e s  i n  non-injured normal knees.  

4. 
various t y p e s  of i n s t a b i l i t y  t o  acover a l l  known t y p e s  of i n s t o b i l i t y :  lateral and 

medial i n s t a b i l i t y ,  a n t e r o p o s t e r i o r  i n s t o b i l i t y ,  s imple  and complex r o t a t o r y  in-  
s t a b i l i t y .  The r o t a t i o n  measurements i n  v i v o  on i n j u r e d  knees  i s  an  innova t ion ,  

as such measurements have no t  p r e v i o u s l y  been performed. 

out a s tandard  method i n c l u d i n g  e i g h t  e x p o w r e s  which cove r  t h e  e n t i r e  spectrum. 

5 .  

knee i n s t o b i l i t y :  

The p r e s u p p o s i t i o n  i s  t h a t  t h e  o b i l i t y  of t h e  method t o  d i s t i n g u i s h  normal from 
T h i s  was confirmed by a c l i n i c a l  i n v e s t i g a -  

B u t  f i rs t  i t  was 

The method h a s  a s u f f i c i e n t l y  wide spectrum of p o s s i b i l i t i e s  for  meosuring 

The a u t h o r  h a s  worked 

The method i s  a p p l i c a b l e  t o  d i f f e r e n t  a u t h o r s '  sys t ema t i c  c l a s s i f i c a t i o n  of 
Slocum and Lorson ' s  (1968),  Nicholas '  (1973 a ) ,  Hughston et 

1 a l . ' s  (1976), T r i c k e y ' s  (1977).  

T h u s  t h e  method i s  t h e  most widely appl icc lb le  of t h e  s c i e n t i f i c  measuring 

methods u s e d  so far  for  measuring i n s t c l b i l i t y  i n  t h e  knee, and i t s  accuracy  i s  

up t o  o r  above t h a t  of o t h e r s  known so far.  
I t  seemed r e a s o n a b l e  t o  t r y  a s s e s s i n g  t h e  va lue  of t h e  c p p a r a t u s  as a 

d iagnos t i c  aid f o r  c l i n i c a l  use .  

cases, i t  e x h i b i t e d  a greater d i r x n o s t i c  c e r t a i n t y  (PV 
ves t iga t ion  under g e n e r a l  a n a e s t h e s i a .  However, t h e  d i f f e r e n c e  i s  so s l i g h t  

t h a t  i t  can  h a r d l y  outweigh t h e  g r e a t e r  i nves tmen t s  i n  economy and time t h a t  

As used here ,  w i th  local a n a e s t h e s i a  i n  a c u t e  

and PV ) t h a n  i n -  
POS neg 
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gonylaxometry r e q u i r e s ,  For t h i s  reason, t h e  stress rad iog raph ic  method w i l l  
h a rd ly  come i n t o  g e n e r a l  u s e  i n  t h e  c l i n i c a l  depar tments  which w i l l  presumabl 
u t i l i z e  examination under g e n e r a l  a n a e s t h e s i a  also i n  t h e  f u t u r e .  
c l i n i c a l  e v a l u a t i o n  i s  very  much less relicble t h a n  bo th  gonylaxometry and 
examination under g e n e r a l  a n a e s t h e s i a .  

Ordinary  

I n  attenpts at e l u c i d a t i n g  t h e  r e l a t i o n s h i p  between t h e  mechanism of  CI 

trauma and t h e  p a t t e r n  of i n s t c b i l i t y ,  i t  was p o s s i b l e  t o  demonst ra te  i n  the 

c l i n i c a l  series on ly  t h a t  (p 207 ) obduct ion-externa l  r o t a t i o n  wi th  t h e  knee i r  

f l e x i o n  o f  some e x t e n t  or o t h e r  du r ing  t h e  trauma m a y  cause s imple  medial rotc 
t o r y  i n s t c b i l i t y  or conplex  an teromedia l  r o t a t o r y  i n s t c b i l i t y  combined wi th  

medial i n s t c b i l i t y  and p o s s i b l y  an a n t e r i o r  drawer s ign .  
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CHAPTER a 
SUMMARY 

Chapter 1: 
ment of l igament-conditioned s t a b i l i t y  i n  t h e  knee  j o i n t .  

develop f u r t h e r  t h e  method of Kennedy and Fowler (1971) f o r  stress rad iog raph ic  

measurement. Gonylaxometry, v i z .  measurement of l a x i t y  i n  t h e  knee j o i n t ,  i s  a 
method based on t h e  stress rad iog rcph ic  p r i n c i p l e .  

and lateral  s t c b i l i t y ,  a n t e r o p o s t e r i o r  s t a b i l i t y ,  and r o t a t o r y  s t c b i l i t y .  I t  was 

the purpose t o  develop  t h e  method for s c i e n t i f i c  use for measuring t h e s e  stabili- 
t ies  i n  mn and t o  test t h e  r e l i a b i l i t y  of t h e  method. 

The object of t h e  s tudy  was t o  develop  a method f o r  reliable measure- 
The a u t h o r  dec ided  t o  

I t  i s  cble t o  measure medial 

Chcpter 2 :  
t ioned s t a b i l i t y  i n  t h e  knee j o i n t  are d e s c r i b e d .  

reported by o t h e r s  d u r i n g  t h e  p a s t  decades  f o r  c l i n i c a l  e v a l u a t i o n  of s t a b i l i t y /  
i n s t c b i l i t y  are reviewed and desc r ibed .  

i n s t c b i l i t y ,  most enphas i s  is l a i d  on Pa lmer ' s  (1938) d e f i n i t i o n s  of lateral/  
medial i n s t a b i l i t y  and drawer s i g n s .  

f o r  c l a s s i f y i n g  r o t a t o r y  i n s t o b i l i t y  are mentioned. 

r i c o l  survey of instrumental .  measurement of knee s t a b i l i t y ,  bo th  i n  specimens 

of human knees  and i n  vivo. 

i n v e s t i g a t i n g  specimens, as i n  t h a t  case they  could  be f i x e d  d i r e c t  i n  bony 

tissue t o  o b t a i n  accurate results. 
uses f a s t e n e d  e x t e r n a l l y  and, t h e r e f o r e ,  g i v i n g  rise t o  i n a c c u r a c i e s  of t h e  
measurement because of s h i f t i n g  of t h e  ove r ly ing  s o f t  tissues. 
s t u d i e s  a d i s t i n c t i o n  i s  mode between t h e  crbove-mentioned form o f  "ex te rna l "  

measurement and r a d i o l o g i c a l  measurement. The former comprises:  

(1 )  goniometry, 

( 2 )  measurement of a n t e r o p o s t e r i o r  d i sp l acemen t s  i n  mn, 
(3)  a cornbination o f  ( 1 )  and (2), and 
(4) photographic  methods. 

On t h e  b a s i s  of t h e  literature methods f o r  assessing ligament-condi- 

I n  s e c t i o n  2 a t h e  methods 

In  d i s c u s s i n g  t h e  v a r i o u s  forms of 

The systems used by s e v e r a l  r ecen t  a u t h o r s  

S e c t i o n  2 b g i v e s  a h i s t o -  

Measuring appa ra tuses  have been des igned  more fo r  

In  v ivo  measurements have required oppara t -  

In  t h e  i n  vivo 

A historical  survey i s  also g i v e n  of t h e  radiological t echn iques .  The 

f i r s t  methods were restricted t o  demonst ra t ing  l a t e r a l / m e d i a l  i n s t a b i l i t y  and t h e  
d r w e r  s igns .  

measure t h e s e  forms of i n s t a b i l i t y  i n  p h y s i c a l  u n i t s .  
cppara tus  u t i l i zes  a measurable mechanical stress a c t i o n  and rad iog raph ic  ex- 

posure  i n  s t anda rd ized  p r o j e c t i o n s ,  so-ca l led  stress radiography. Exposure i s  

mode f i r s t  wi thout  stress aid then  wi th  stress. 

I n  t h e  most recen t ,  most advanced methods i t  i s  endeavoured t o  
Kennedy and Fowler' s (1971) 

On t h e  X-ray f i l m  i t  i s  p o s s i b l e  
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t o  measure d i r e c t  a cha rge  i n  t h e  d i s t a n c e  between t h e  bones of t h e  j o i n t ,  re- 

p resen ted  by f u r t h e r  de f ined  ].andmarks as a measure of s t d i l i t y  or i n s t d i l i t y .  

T h i s  o b v i a t e s  t h e  dove-mentioned, i n c a l c u l d l e  inoccurocy due t o  
t h e  s o f t  tissues. 

s h i f t i n g  of 

Chapter  3: Anatomy of t h e  knee j o i n t  e l u c i d a t e d  on t h e  b a s i s  of t h e  l i t e r a t u r e .  

The osseous  anatomy i s  desc r ibed  t o  t h e  e x t e n t  t h a t  i t  i n f l u e n c e s  t h e  X-ray ano- 

tomy of t h e  knee, i n c l u d i n g  t h e  landmarks t o  b e  enployed i n  measuring t h e  para- 
meters on t h e  X-ray f i l m .  

The l i gamen t s  of t h e  knee  j o i n t  are b u i l t  up of c o l l a g e n  connec t ive  t i s s u e  

Therefore,  an i n t a c t  l i g m e n t  i s  an  i n e l a s t i c  posses s ing  very l i t t l e  e l a s t i c i t y .  

organ. 

ments. 

v i z .  t h e  s u p e r f i c i a l  and deep  medial  c o l l  deral  l igaments ,  t h e  ob l ique  medial 
collateral  l igament,  t h e  lateral c o l l a t e r a l  l igament ,  and t h e  c r u c i a t e  l iganents .  
Each of t h e  latter can  b e  d iv ided  i n t o  two f u n c t i o n a l l y  d i f f e r e n t  f i b r e  bundles. 

The menisci  are desc r ibed  i n  f a i r l y  g r e a t  d e t a i l ,  as r e c e n t  i n v e s t i g a t i o n s  

A c e r t a i n ,  s l i g h t  l a x i t y  i s  p r e s e n t  i n  normal knees  t o  permi t  normal move 

This  f u n c t i o n  o f  t h e  .ligaments i s  desc r ibed  f o r  each l igament separa te ly ,  

have shown t h a t  t h e  f i b r e s  of t h e  medial  collateral l igament cross i n s i d e  t h e  

subs t ance  of t h e  meniscus, so t h a t  i n j u r y  t o  t h e  meniscus or its removal close 

to  t h e  pe r iphe ry  damages t h e  co l l agen  f i b r e s  of t h a t  l igament .  

i n t i m a t e l y  a s s o c i a t e d  wi th  t h e  l i gamen t s  and p l ay  a g r e a t  r o l e  i n  j o i n t  stability 
The menisci  a r e  

The f i b r o u s  capsule of t h e  knee j o i n t  i s  conposed a n t e r o l a t e r a l l y  of one 

l a y e r ,  an t e romed ia l ly  of two l a y e r s .  

t h e  a n t e r i o r ,  approx. 10 mn wide, p a r t  of t h e  s u p e r f i c i a l  medial collateral l i g o  

ment. 

almost equa l ly  l a r g e  p a r t s .  

h e r i n g  t o  t h e  synov ia l  membrane, t h e  middle t h i r d  i s  s t r o n g e r  and m d t e s  up t h e  

deep medial collateral  l igament .  The p o s t e r i o r  t h i r d  of t h e  f i b r o u s  c a p s u l e  of 

t h e  knee  j o i n t  c o n s i s t s  of t h e  ob l ique  medial  c o l l a t e r a l  l igament p l u s  collagen 

f i b r e s  which con t inue  i n t o  t h e  p o s t e r i o r  c a p s u l e  of t h e  j o i n t .  

In  between t h e s e  two l a y e r s  g l i d e s  f r e e l y  

On t h e  medial s i d e  t h e  deep  l a y e r  of t h e  copsu le  i s  d i v i s i b l e  i n t o  th ree  

The a n t e r i o r  one- th i rd  i s  a t h i n  f ibrous l a y e r  ad- 

The extreme s t r e n g t h  of t h e  p o s t e r i o r  capsule i s  po in ted  o u t .  

A sumrtary d e s c r i p t i o n  i s  g iven  of t h e  knee j o i n t  muscles, because  they 
Inne rva t ion  i s  desc r ibed  e x e r t  a n  a c t i v e ,  s t a b i l i z i n g  a c t i o n  upon t h e  j o i n t .  

i n  connec t ion  wi th  t h e  role of t h e  r e f l e x  arc i n  a c t i v a t i n g  t h e  m u s c u l a r  s t ab i -  

l izers .  
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Chapter 4: 
find suitable landmarks i n  t h e  j o i n t .  

and Fowler (1971) was found. 

i n  p a r t i c u l a r  as regards t h e  i d e n t i f i c a t i o n  

mardins of t h e  t i b i a1  condy les  on t h e  X-ray f i l m .  

Anatomical s t u d i e s  hod t o  be c a r r i e d  ou t  by t h e  p r e s e n t  a u t h o r  t o  
Disagreement wi th  t h e  landmarks of Kennedy 

These f i n d i n g s  led t o  a c o r r e c t i o n  of t h e  methcd, 

of t h e  c o n t o u r s  of t h e  p o s t e r i o r  

Chcpter 5 :  

method, gonyloxometry. 
cepts are de f ined .  

an apparatus t o  act upon t h e  lower limb by wel l -def ined  stress forces, not a 

measuring appa ra tus  i n  i t s e l f .  

gear a l s o  tdces p l a c e  i n  t h i s  machine, and t h e r e f o r e  i t  
w i t h  X-ray exposures d u r i n g  t h e  a p p l i c a t i o n  of stress. 
meters i s  done on t h e  f i l m s  after exposure.  

producible d i r e c t i o n  of t h e  X-ray beam. 
the pressure  g e n e r a t o r  being an elect r i c a l l y  ope ra t ed  o i l  pump, doubly secured 
against too f o r c e f u l  stress a c t i o n s .  

anaesthesia i s  a p p l i e d  i n  cases which are a c u t e  or so f r e s h  t h a t  a p a i n  r e a c t i o n  

i s  s t i l l  e l i c i t e d  from t h e  knee  j o i n t .  The p a t i e n t  i s  p laced  i n  a d e n t a l  c h a i r ,  

w i t h  t h ighs  and f e e t  f a s t ened ,  t h e  a p p a r a t u s  be ing  adjustable t o  d i f f e r e n t  l e g  

lengths and d i f f e r e n t  p o s i t i o n s  of t h e  knee  j o i n t .  

exposures a stress f o r c e  of 9 kp i s  u s e d ,  a c t i n g  at t h e  l e v e l  of t h e  sole. 
t ion moment of force arises ( lower- leg  l e n g t h  x t h e  f o r c e  applied). 
ures t o  r evea l  drawer s igns ,  a stress f o r c e  of 20 kp  or 30 kp  was app l i ed  a t  t h e  

proximal end of t h e  t i b i a  and an a c t i o n  s t r a i g h t  i n  t h e  d i r e c t i o n  of t h e  d i s -  

placement (no r o t a t i o n  moment). 

the to l e rance  of  t h e  l igaments .  

d s  . 

( the  160' p o s i t i o n ) .  

during t h e  a p p l i c a t i o n  of stress. 

90'. 

First, an exposure i s  m o d e  of t h e  knee  concerned wi thout  stress a c t i o n ,  t he re -  

a f t e r  one wi th  p r e s s u r e  and one wi th  i r a c t i o n .  

w i t h  t he  f o o t  f a s t e n e d  i n  a p o s i t i o n  of r o t a t i o n .  

repeated on t h e  o p p o s i t e  knee, so t h a t  t h e  pa rame te r s  f o r  bo th  knees  can  be  

conpared. 

Th i s  c h c p t e r  g i v e s  a d e s c r i p t i o n  of t h e  a u t h o r ' s  stress rad iog raph ic  

F i r s t ,  t h e  v a r i o u s  t y p e s  of i n s t a b i l i t y  and o t h e r  con- 

In s e c t i o n  5 b i t  i s  emphasized t h a t  t h e  gonylaxometer i s  

A s h i F t  of s o f t  tissues benea th  t h e  f a s t e n i n g  
f u n c t i o n s  i n  connec t ion  

Reading of t h e  para-  

The t echn ique  a l s o  secures a re- 
P r e s s u r e  i s  e x e r t e d  by h y d r a u l i c  force, 

The stress a c t i o n  i s  e x e r t e d  slowly. Local 

In  abduct ion  and adduct ion  

A rota- 
I n  expos- 

The :stress f o r c e s  a p p l i e d  are apprec iab ly  below 

The exposures  are mode at  50 - 60 kV and 60 

Abduction and adduct ion  measurements are made wi th  t h e  knees  i n  20' f l e x i o n  

T h i s  i s  an a-p exposure  of bo th  knees,  b e f o r e  as well as 

The f i l m  i s  p laced  benea th  t h e  knees.  

In measurements of a n t e r i o r  and p o s t e r i o r  i n s t a b i l i t y  t h e  knees  are f l exed  
The second metatarsal bone p o i n t s  s t r a i g h t  forward, " n e u t r a l  p o s i t i o n  90°". 

The procedure  may b e  repea ted  

Therea f t e r ,  t h e . p r o c e d u r e  i s  
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Measurement o f  t h e  p a r m e t e r s  on t h e  X-ray f i l m s  i s  done  on a h o r i z o n t a l  
Lateral/medial i n s t a b i l i t y  i s  measured an viewing box i l l u m i n a t e d  from below. 

t h e  a-p view. 
femoral condy les  a d  t h e  most d i s t a l  contours of t h e  articular s u r f a c e s  of t h e  
t i b i a l  condy les  r e s p e c t i v e l y .  
t angen t  t o  t h e  
b a s e l i n e  on t h e  t i b i a l  condyle.  
measured on a t angen t  as t h e  d i s t a n c e  c u t  o f f  between t h e  t i b i a l  and femoral 
b a s e l i n e s .  
on t h e  la teral  rodiogroph on a b a s e l i n e  on t h e  j o i n t  socke t  of t h e  medial t i b i a l  
condyle .  
t h e  most a n t e r i o r  and most p o s t e r i o r  p o i n t s  of t h e  femoral and t i b i a l  condyles 
r e s p e c t i v e l y .  
One parameter i s  measured f o r  t h e  lateral  p a i r  of condyles  and one for  t h e  
medial. On t r a c t i o n ,  t h e  p a r m e t e r s  d iminish ,  t h e  p o s t e r i o r  edges  of t h e  t i b i a  
approaching t h e  a n t e r i o r  edges of t h e  femoral condyles .  
r e v e r s e  a p p l i e s .  
cates t h e  mean d isp lacement  i n  t h e  a n t e r i o r  or p o s t e r i o r  d i r e c t i o n :  If t h e  ex- 
posu re  h a s  been made i n  " n e u t r a l  p o s i t i o n  90°1', t h i s  i s  d e f i n e d  as a n t e r i o r  and 

p o s t e r i o r  d i sp lacement  r e s p e c t i v e l y ,  and at d m o r m l l y  h igh  v a l u e s  as a n t e r i o r  
and p o s t e r i o r  drawer s ign .  I f  t h e  condy les  are unequal ly  d i sp l aced ,  t h e r e  i s  
r o t a t i o n .  By exmino- 
t i o n s  of normal pe r sons  t h e  normal ranges and 97% upper n o r m 1  l i m i t s ,  "criti- 
cal  l eve l s " ,  of t h e s e  d isp lacement  p a t t e r n s  were found. Conparison i s  d e  pre- 
f e r o b l y  wi th  t h e  subject 's  o t h e r  knee, and cr i t ical  l e v e l s  for t h e  d i f f e r e n c e  
between t h e  two knees  were also determined. 

Two b a s e l i n e s  ore p laced  through t h e  most d i s t a l  p o i n t s  of t h e  

Medial i n s t a b i l i t y ,  parameter c, i s  cut off on a 

most medial p o i n t  of t h e  t i b i a l  condyle,  at r i g h t  a n g l e s  t o  the 

S i m i l a r l y ,  parameter  d, lateral i n s t c b i l i t y ,  i s  

The p a r a n e t e r s  f o r  a n t e r i o r  and p o s t e r i o r  d i sp lacement  are measured 

On t h i s  l i n e  are dropped pe rpend icu la r  l i n e s  which are t a n g e n t s  t o  

The parameters  u r e  cut o f f  on t h e  b a s e l i n e  between t h e s e  tangents, 

During p r e s s u r e  t h e  
The mean of t h e  differences from t h e  u n l o d e d  knee j o i n t  indi- 

Formulae f o r  c a l c u l u t i n g  such d i sp lacemen t s  are set up. 

Magni f ica t ion  an t h e  X-roy f i l m  overages  10%. A p s s o i b i l i t y  of d i s t o r -  
t i o n  of t h e  actual appearances  on t h e  X-ray f i l m  due t o  d i f f e r e n t  magnification 
of p o i n t s  close t o  and f a r  from t h e  f i l m  are d i scussed .  I t  i s  concluded t h a t  
t h e  f a r  g r e a t e r  mob i l i t y  of t h e  lateral t h a n  of t h e  medial t i b i a l  condyle  i n  
normal knees  on t r a c t i o n  and p r e s s u r e  cannot  b e  expla ined  by such d i f f e r e n c e s  
i n  magnif i c a t i o n .  

P a r a l l a x  errors do not  accur i n  exposures  wi th  a laterornedial d i r e c t i o n  
of t h e  beam. 
t h a t  i n  p r a c t i c e  it i s  n e g l i g i b l e .  

In 0-p exposures t h e  p o s s i b i l i t y  of a p a r a l l a x  error i s  SO slight 

Inaccuracy of measuremerit on r epea ted  exposures  and measurements on t h e  
X-ray f i l m s  of t h e  sane  parameters  i n  t h e  same subjects were s t u d i e d  by t r i p l e  
examinat ions  of 33 persons .  1.2 mm l h e  95% conf idence  l i m i t s  proved t o  be < 
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f o r  medial and lateral s t a b i l i t y  and < f 2.4 mm for a n t e r c p o s t e r i o r  s t a b i l i t y .  
Less i n t e r e s t  a t t a c h e s  t o  actual inaccuracy  of r ead ing  t h e  sane parameter  fran 
t h e  same film from one occas ion  t o  ano the r .  
was h o u t  two- th i rds  of f h e  inaccuracy  reported h o v e .  

For  a s t anda rd  procedure  t h e  au tho r  recomnends a series of stress ex- 

For  4 p a r a n e t e r s  i n v e s t i g a t e d  it 

posu res  c o n s i s t i n g  of two a-p exposures  of bo th  knees  s imul taneous ly  and t h r e e  
lateral  exposures  of each knee  s e p a r a t e l y  i n  ' ' neu t r a l  p o s i t i o n  90°". 

exposures of t h e  two knees  on t h e  same f i l m  a f f o r d  measurement of medial and 
lateral i n s t a b i l i t y .  
sa ry .  
l i t y  and t h e  predominant p a r t  of cases wi th  r o t a t o r y  i n s t h i l i t y .  
n u h e r  of exposures  was reduced t o  e i g h t .  

The e p  

An a-p exposure  of t h e  unloaded knee  h a s  proved unneces- 
The s i x  lateral  exposures  of f o r d  measurement of a n t e r o p o s t e r i o r  i n s t a b i -  

Thereby, the 

I t  seems most r easonab le  t o  state t h e  results i n  whole mn. Measurements 
and c a l c u l a t i o n s  were performed wi th  one decimal. 
f o r  lotercsl/medial s t a b i l i t y , / i n s t a b i l i t y ,  3 mm f o r  a n t e r i o r  and p o s t e r i o r  dis- 
placement i n  t h e  form of t h e  d i f f e r e n c e  between t h e  p a t i e n t ' s  i n j u r e d  and unin- 

Th i s  i s  say ing  t h a t  l e v e l s  = 2 mn are normal, l e v e l s  = 3 mn abnor- 
For cmte ropos te r io r  d i sp loce -  

The cri t ical  l e v e l  i s  2 mm 

< > . j u r e d  knee. 
mally e l e v a t e d  f o r  medial and lateral s t d i l i t y .  
ment and r o t a t i o n  v a l u e s  = 3 mn are normal and v a l u e s  = 4 mm abnormal. < > 

Cont ra - ind ica t ions  t o  t h e  exan ina t ion  are: L i fe - th rea t en ing  states, i n -  
juries t o  t h e  p o p l i t e a l  a r t e r y  or pe ronea l  nerve, major f r a c t u r e s  of ad jacen t  
bones, i n t r a a r t i c u l a r  fractures, and  r a d i o l o g i c a l l y  demonstrated bony i n s e r t i o n  
a v u l s i o n s  of t h e  l igaments .  

Chopter 6 :  

t h e  e x a n i n a t i o n s  
and critical l e v e l s  were b a s d  upon t h e  f i n d i n g s  i n  t h i s  material. 
ranges  were found for paromeler size, but also f o r  d i f f e r e n c e s  between a p e r s o n ' s  
two knees  f o r  a l l  p a r a n e t e r s .  
i t  v a r i e s  w i t h i n  a very  narrcjw range, w h i l e  t h e  parameter  v a l u e s  themselves 
have very wide ranges .  Consequently,  it i s  more d i f f i c u l t  t o  state, on t h e  b a s i s  
of t h e  last-mentioned normal ranges,  whether or no t  a parameter  i s  normal. How- 
ever ,  t h e y  have t o  be used i f  bo th  knees  are i n j u r e d .  

On t h e  b a s i s  of t h e  

P r e s e n t  i n v e s t i g a t i o n s  and r e s u l t s .  
of 100  normal persons .  

The f irst  s e c t i o n  d e a l s  with 
The naned i n a c c u r a c i e s  o f  measurement 

The n o r m 1  

I t  proved a d v i s c i d e  t o  use t h i s  d i f f e r e n c e ,  as 

lcindmarks de te rmined  by ana tomica l  and r ad iog roph ic  
ana tomica l  studies, i t  was p o s s i b l e  t o  demonst ra te  t h a t  d u r i n g  t r a c t i o n  or pres-  
sure t h e  lateral t i b i a 1  condyle  moves h o u t  twice as much ,as t h e  medial one i n  
normal knees.  
r o t a t i o n  on p r e s s u r e .  

In  o t h e r  words, i n t e r n a l  r o t a t i o n  &curs on t r a c t i o n ,  e x t e r n a l  
The nctrmal ranges of t h i s  movement and of  t h e  d i f f e r e n c e  
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between a p e r s o n ' s  two knees  were also de termined .  

g a t i o n s  were performed wi th  t h e  subjec t ' s  f e e t  f i x e d  i n  15' and 30' e x t e r n a l  

r o t a t i o n  and i n  30' i n t e r n a l  r o t a t i o n .  

of s e v e r a l  au tho r s ,  each d e a l i n g  wi th  t h e i r  p a r t  of t h e  i n s t a b i l i t y  "spectrum". 

The p r e s e n t  au tho r  d i s a g r e e s  wi th  Morkolf et  al .  (1978) and i s  of t h e  op in ion  thal 
t h e i r  f i n d i n g  of marked d i f f e r e n c e s  between t h e  same parameters i n  t h e  two knees 

of a normal person  are due t o  on i n a c c u r a t e  method. 

S imi l a r  series of i n v e s t i -  

God agreement was found wi th  t h e  studies 

Sec t ion  6 b r e p o r t s  t h e  t e s t i n g  of t h e  a b i l i t y  of t h e  method t o  d i s t ingu i sh  

between normal and i n j u r e d  knees  i n  a material of 153 i n j u r e d  knees.  

examined p a t i e n t s  subsequent ly  underwent ope ra t ion ,  and t h u s  t h e  gonylaxometric 

f i n d i n g s  cou ld  be compared wi th  t h e  o p e r a t i v e  f i n d i n g s .  
a n t e r i o r  drawer s ign ,  w i th  t h e  foot p o i n t i n g  s t r a i g h t  forward, i n  i n j u r i e s  t o  
t h e  anterior cruciate ligament,  p o s t e r i o r  drawer s i g n  i n  i n j u r i e s  t o  t h e  pos t e r i -  

or cruciate l i g a n e n t .  

A l l  t h e  

The g o n y l a x m e t e r  showed 

Smoll p o s i t i v e  v a l u e s  f o r  medial i n s t o b i l i t y  (cinjUred - 
< ) > 2 m t o  = 4 mm were found i n  cases wi th  r u p t u r e  of t h e  deep medial un in ju red  C 

c o l l a t e r a l  l i g a n e n t  and t h e  o b l i q u e  medial  collateral l i g a n e n t ,  wi thout  to ta l  
r u p t u r e  of t h e  s u p e r f i c i c l  medic11 collateral  l i g a n e n t  . Higher p o s i t i v e  va lues  

- c  ('injured un in ju red  
medial collateral l igament,  and even h i g h e r  v a l u e s  when r u p t u r e  of 

) > 4 mm, were found i n  to ta l  r u p t u r e  of t h e  s u p e r f i c i a l  
t h e  c r u c i a t e  

l i g a n e n t s  and r u p t u r e  of t h e  p o s t e r i o r  j o i n t  copsu le  co-existed. 
a few i n j u r i e s  of t h e  lateral collateral l i g a n e n t  i n  t h e  material. 

There were only 

I n  a l l ,  5 9  cases of d i f f e r e n t  abnormal r o t a t i o n a l  phenomena were observed. 

They c o n s i s t e d  i n  simple medial r o t a t o r y  i n s t c b i l i t y  i n  

a n t e r m e d i a l  r o t a t o r y  i n s t a b i l i t y  i n  20. 
s t a b i l i t y  may well e x i s t  i n  a knee wi th  very  l i t t l e  p e r s i s t i n g  lateral/medial 
i n s t c b i l i t y .  In  e x t e r n a l  r o t a t o r y  i n s t o b i l i t y ,  s imple  or complex, t h e  mechanism 

of t h e  trauma was i n  most cases t h e  sane, v i z .  cbduct ion-externa l  r o t a t i o n  i n  

c o d i n a t i o n  wi th  a va ry ing  degree  of knee  f l e x i o n .  

23 cases and complex 

I t  w a s  demonstrated t h a t  r o t a t o r y  i n -  

Gonylaxometry was conpared wi th  c l i n i c a l  exan ina t ion  and wi th  exanina t ion  

under g e n e r a l  a n a e s t h e s i a  i n  t h i s  material. 
d i a g n o s t i c  r e l i a b i l i t y ,  estimated by t h e  p r e d i c t i v e  va lues ,  but c l o s e l y  followed 

by exan ina t ion  under g e n e r a l  a n o e s t h e s i a ,  I t  was f a r  s u p e r i o r  t o  c l i n i c a l  exam- 
i n a t i o n .  

methods. According t o  most au tho r s ,  a r thrography a f f o r d s  i n a c c u r a t e  results 

wi th  r e s p e c t  t o  l igament rup tu res .  
one w e l l  conducted study r e p o r t i n g  very c a r e f u l  a r thrography,  w i th  which com- 
p a r i s o n  could  b e  made. However,, i t  c l e a r l y  showed h e r  d i a g n o s t i c  p r e d i c t i v e  

va lues  of p o s i t i v e  or nega t ive  f i n d i n g s  t h a n  gonylaxometry and also lower than  
exan ina t ion  under g e n e r a l  anaes  t h e s i a .  

Gonylaxometry showed t h e  g r e a t e s t  

I n  t h e  d i s c u s s i o n  i ts  d i a g n o s t i c  v a l u e  i s  conpared wi th  t h a t  of o ther  

I n  t h e  literature t h e  au tho r  could f i n d  only 
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Chopter 7: 
d iagnos t i c  accuracy, h i g h e r  t han  o t h e r  known methods, i .e .  good agreement wi th  

opera t ive  f i n d i n g s .  
other known methods, a f f o r d i n g  a p o s s i b i l i t y  of measuring, o p a r t  from lateral/  
medial i n s t o b i l i t y  and a n t e r o p o s t e r i o r  i n s t a b i l i t y ,  also a l l  r o t a t i o n  p a t t e r n s .  

I t  measures i n  known p h y s i c a l  u n i t s ,  "I, by a r e p r o d u c i b l e  and known stress force 

and a rep roduc ib le  d i r e c t i o n  of t h e  X-ray bean. Therefore,  i t  i s  a good s c i e n t i -  

f i c  measuring method. 

I t  i s  concluded t h a t  t h e  gonylaxometric method p o s s e s s e s  a very h igh  

I t  h a s  a wider  spectrum of i n v e s t i g a t i v e  p o s s i b i l i t i e s  than  

For c l i n i c a l  d i a g n o s t i c  use it i s  t o o  time-consuming i n  t h e  form used h e r e  

as compared wi th  exan ina t ion  under g e n e r a l  a n e s t h e s i a  which h a s  opproximotely 

the  sme p r e d i c t i v e  va lues  i n  e x m i n i n g  f o r  lateral/medial i n s t a b i l i t y  and antero-  

p o s t e r i o r  i n s t a b i l i t y .  Accordingly, exan ina t ion  under g e n e r a l  anaes thes i a ,  which 

does not  r e q u i r e  any s p e c i a l  equipment, w i l l  presumably b e  p r e f e r r e d  for  c l i n i c a l  

use i n  our h o s p i t a l  depar tments .  
l i dde  than  t h e  two methods d i s c u s s e d  above. 

Ordinary c l i n i c a l  exan ina t ion  i s  much less re- 
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S W R Y  IN DANISH 

Kopitel 1: 
ing of liganentsrt beginget stobilitet i kmleddet. 

videreudvikle den of Kennedy og Fowler (1971) beskrevne metode ti1 stress-radio 

grofisk &ling. 

efter det stress-rodiogrofiske princip. 

stabilitet, ontero-posterior stobilitet og rototionsstobilitet. 

fordlet at udvikle metoden ti1 videnskobeligt brug med henblik @ &ling of 

disse lesheder i "I, somt at afpr~ve metodens glidelighed. 

Arbejdets fordl har m r e t  at udvikle en metode ti1 glidelig m61- 
Forfotteren hor volgt at 

Gonyloxometri, km-l#sheds&ling, er en metode, der orbejder 
Den kon d l e  medial og lateral side- 

Det hor mret 

Kopitel 2: 
dgmmelse of ligcmenbrt betinget instobilitet i kmleddet. 

klinisk instobilitetsbe&mnelse historisk belyst og beskrevet, s m  de seneste 

drtiers forfottere hor redegjort for deres metoder. Under omtalen of de for- 

skellige instobilitetsformer er hovedvqten lagt @ Palmers (1938) defini- 

tioner of sideinstobilitet og skuffesymptomer. 

rnotik ved inddelingen of rototionsinstabilitet er mtalt. 

Der er ud fro litteraturen givet en beskrivelse of metoder ti1 be- 

I kopitel 2 a er 

Flere nyere forfotteres syste- 

I kopitel 2 b er givet en historisk oversigt over instrumentel &ling 
of k m t s  stabilitet, dels p6 humane kmledspmporoter, dels in vivo. 

opporoturer har i videre udstrdning m r et konstrueret ti1 undersagelser ph 

prsporoter, do man her hor kurinet fiksere dem direkte i knoglemv og sdledes 

opt& n0jagtige resultater. 
ekstremiteten fostspcendte oppctroturer, hvor unjajagtigheder i &lingerne op- 
stdr p6 grund of bladdelsforskydninger over knoglerne. Ved unders0gelser in 

vivo skelnes mellem ovenmvnte 

Den f~rstmvnte omfatter 

1. goniometri, vinkeldling, 

2. 
3. en kombination of 1. og 2. og 
4. fotogrofiske metoder. 

M l e -  

Ved &ling in vivo n d  benyttes udvendigt p6 under- 

form of "extern" &ling og rodiologisk &ling. 

&ling of ontero-posteriore forskydninger i mm, 

Rodiologisk unders0gelsesteknik er ligeledes gennemgdet historisk. 

De farste metoder indskmnkedet sig ti1 pbisning of sideinstobilitet og skuffe. 

symptom; ved de seneste og mest ovoncerede tilstmbes en &ling of disse in- 
stabilitetsformer i fysiske enheder. I Kennedy og Fowlers apparotur (1971) 
benyttes en dlelig mskanisk kraftphirkning og rentgenoptagelse i standard- 
iserede projectioner herunder; den dkaldte stress-radiograf i . Der ek f poneres 
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f@rst uden kroftp&irkning, derefter under en stidon ptivirkning. 
filmen kon direkte d l e s  en ofstandsendring mellem leddets knogler, represent- 
eret ved mrmere definerede "landmarksL1 som m81 for stabilitet eller instabili- 
tet. 
of blgddelenes forskydning. 

P6 r~ntgen- 

Man und&r herved den ovenfor m n t e  uberegnelige usikkerhed fremkoldt 

Kapitel 3: 
er behondlet i det omfong, den hor betydning for kmleddets rentgenonotomi, 
herunder de lllondrnarks", der skal benyttes ved uddling of parometre @ 
rentgenf ilmen. 

Kmleddets anatomi belyst ud fro litteroturen. Den ossgse onotomi 

Kmleddets liganenter er opbygget of kollogent bindemv med meget lille 
elosticitet. 
lashed er ti1 stede i normole! knre for at tillade normale bevqelser. 
funktion of liganenterne er omtalt for hvert ligament for sig. 
sig om liganentum collaterale mediale superf iciale et profundum, ligamentum 
obliquum mediale, ligamenturn collaterole laterale og liganenta cruciata. De 

sidstmvnte kan hver opdeles i to funktionelt forskellige fiberbundter. 

Et intokt ligament er derfor et uelastisk organ. En vis lille 
Denne 

Det drejer 

Menisci er omtalt relativt udferligt, idet undersagelser i de seneste 
har vist, at ligamentum collaterale mediales fibre krydses inde i menisk- 6r 

substansen, stiledes at en meniskhsion eller meniskfjernelse nrer meniskens 
periferi beskodiger ligcmentets kollagene fibre. 
rned ligamenterne og har stor betydning for leddets stabilitet. 

Menisci er intimt forbundet 

Kmleddets fibrgse kapsel best& fortil lateralt af eet lag, fortil 
medialt af to lag. 
ale mediale superficiale glider frit mellem de to lag. 
kan pd medialsiden inddeles i 3 omtrent lige store dele. 
er et tyndt fiberlag adhcerent ti1 synovialis; den rnidterste 1/3 er stmrkere 
og uder ligamenturn collaterole mediale profundum. 
kmleddets dybe fibr~se kapsel udgres of  ligamentum obliquum rnediole plus 
kapselfibre, der kontinuerligt fortsetter i leddets posteriore kopsel. 

Den forreste ca. 10 mn brede del of liganentum colloter- 
Detdybe kopsellog 

Den forreste 1/3 

Den posteriore 1/3 of 

Den overordentlige styrke of den posteriore kapsel er fremhsvet. 
Kmleddets rnuskler er summarisk omtalt, fordi de kan udgve en oktiv, 

stobiliserende virkning p6 leddet. Innervationen er omtalt i forbindelse 
med refleksbuens betydning for oktiveringen o f  de rnusculere stabilisotorer. 

Kopitel 4: 
lceggelse of egnede landmarks i leddet har vceret nkdvendig. Der er fundet 
uoverenststemnelse med de af Kennedy og Fowler (1971) onvendte landmarks. 

Egne anotomiske undersegelser hor vsret Sknpvet, idet en klar- 
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Disse fund hor  f g r t  ti1 k o r r e k t i o n  of metoden, specielt hvod ong6r i d e n t i f i k a -  

t i onen  a f  t i b i d t o n d y l e r n e s  bogkontkonturer pti r ~ j n t g e n b i l l e d e t . '  

Kop i t e l  5 i ndeho lde r  en  b e s k r i v e l s e  o f  f o r f o t t e r e n s  stress r o d i o g r o f i s k e  metode, 

gonylaxometri .  

t y p e r  og ondre  anvendte  begreber .  

opparo t  ti1 f i v i r k n i n g  of unde reks t r emi t e t en  med v e l d e f i n i e r e d e  k m f t e r ,  i kke  

e t  d l e o p p o r a t  i s i g  s e l v .  En forskydning  of b l l d d e l e n e  u n d e r  f o s t s p m d i n g s -  

opporo tu re t  f i n d e r  ogs6 s t e d  i c le t te  opporot .  
med r@ntgenoptogelser  under k r o f t p h i r k n i n g e n .  

gtjr fi rgntgenf i lmene  e f t e r  eksponer ing .  

producerbor s t r t t l e r e t n i n g .  T r y k p b i r k n i n g e n  s k e r  hydrau l i sk ,  og t rykgenero toren  

er en  e l e k t r i s k  d r e v e t  oliepumpe, d o b b e l t s i k r e t  mod f o r  store krof tp t iv i rkninger .  

Kra f t f iv i rkn ingen  foregt j r  l ongsan t .  Der anvendes l o k o l o m s t e s i  i t i l f s l d e ,  

d e r  er h e l t  a k u t t e  el ler s6 f r i s k e ,  a t  d e r  
l e d d e t .  

fgdber ,  i d e t  opporo tu re t  kon t i l p o s s e s  f o r s k e l l i g e  e k s t r e m i t e t s l m g d e r  og 

f o r s k e l l i g e  s t i l l i n g e r  of k m l e d d e t .  

b e n y t t e s  en  k r o f t  fi 9 kp med angrebspunkt i fods t i lens  niveou. 

et drejningsmoment, hvor k r o f t e n s  arm er l i g  personens  c r u s h g d e .  
t o g e l s e r  of skuffesymptom er b e n y t t e t  krcefter p6 20 kp og 30 kp med angrebspukt 

d i r e k t e  i e k s t r e m i t o s  p rox ima l i s  t i b i a e  og v i r k n i n g  d i r e k t e  i d i s p l o c e r i n g e n s  

r e t n i n g  ( i n t e t  drejningsmoment) . 
l igomenternes  t o l e r a n c e ,  

mAs . 

(160°-posit ionen).  

under krof tp t jv i rkning .  

90°. Anden f o J s t r 6 l e  peger d i r e k t e  fremod I tneu t r a l  p o s i t i o n  90°". Derop- 

t o g e s  f g r s t  e t  b i l l e d e  of d e t  f i p l d e n d e  k m  uden krof t$vi rkning ,  d e r e f t e r  

e t  m e d  t r y k  og et med tratk. Even tue l t  gentoges  proceduren med f d e n  f x t -  
s p m d t  i en  roteret p o s i t i o n .  H e r e f t e r  gentoges  proceduren f o r  d e t  mod- 
sotte k m ,  s 6 l e d e s  a t  en sommenligning o f  porometre f r o  de to k m  b l i v e r  

mulig . 

Der i n d l e d e s  mecl de  onvendte d e f i n i t i o n e r  of i n s t o b i l i t e t s -  

I 5 b be tones  d e t ,  a t  gonylaxometeret  er et 

D e t  o r b e j d e r  d e r f o r  i fo rb inde l se  
A f h s n i n g  o f  porometfiene f o r e -  

Denne t e k n i k  s i k r e r  t i l l i g e  en re- 

s t o d i g  er smer t e reok t ion  f r o  k m -  
Po t i en ten  er onbrogt fi en t o n d l e g e s t o l  med f o s t s p m d t e  femora og 

Ved obdukt ions  og oddukt ionsoptogelser  

Der ops t t t r  

Ved op- 

De beny t t ede  krcefter ligaer b e t y d e l i g t  under 

Ved eksponer ingerne  er b e n y t t e t  50 ti1 60 kV og 60 

Ab- og odduktionsm8ling f o r e t a g e s  med p o t i e n t e n s  k m  20' f l e k t e r e d e  

D e t  er en 0-p o p t a g e l s e  of begge k m  d e l s  uden og dels  

Filmen er p l o c e r e t  under personens k m .  

Ved m6ling of a n t e r i o r  og p o s t e r i o r  lgshed  er p o t i e n t e n s  k m  f l e k t e r e t  

U d d l i n g  of porometrene fi rgntgenfilrnene f o r e g a r  fi en .vondre t l i ggende  
motglasplode b e l y s t  nedef ro .  
e l s e n .  

M l i n g e r  of s i d e l a s h e d  foregt i r  pc? a-p optog- 

To g r u n d l i n i e r  p loce res  gennemheholdsvis  d e  mest d i s t o l e  punkter  
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of femurkondylerne og de mest distole konturer of tibiakondylernes ledfloder. 

Medial sidel@shed, parameter c, ofsksres pc? en tangent ti1 det mest mediole 

punkt pc? tibiokondylen, vinkelret pc? grundlinien pc? tibiakondylen, mellem de 

to grundlinier. Tilsvorende d l e s  parameter d, lateral sidelashed, p6 en 

vinkelret ti1 tibia grundlinien, afskhret mellem tibia- og femur-grundlinien. 

Parometrene for anterior og posterior forskydning uddles p6 en grundlinie 

gennem forreste og bogeste punkt af den mediole tibiokondyls ledskbl. 

nedfsldes vinkelrette der tongerer de forreste og bogeste punkter pc? henholds- 

vis femurkondyler og tibiokondyler. 

enter. 

Ved tr& mindskes porometrene, idet tibiabogkonterne mrmer sig femurkondyl- 

ernes forkonter. Ved trykp6virkning findes det omvendte forhold. Gennem- 

snittet of forskellene fro det upiivirkede kmled ongiver middeldisplacering 

onteriort eller posteriort: Hvis optogelsen er foretoget i "neutral position 

90°", er dette def ineret som henholdsvis anterior og posterior displocering; 

ved potologisk hgje mrdier henholdsvis onteriort og posteriort skuffesynptom. 
Forskydes kondylerne ulige meget er der tole om rotation. 
regning af sbdonne disploceringer er opstillet. 
personer er fundet normolomrtider og 97% lvre normolgrmser, "critical levels", 

for disse displaceringsmnstre. 

k m  og grmser for forskellen mellem de to km er ligeledes fundet. 
Forsterrelsen er gennemsnitl ig 10% p6 rgntgenbilledet . 

Her$ 

Porometrene ofsksres mellem disse tong- 

Der d l e s  en parameter for det loterole kondylpor, en for det mediole. 

Formler for be- 

Ved unders0gelser of normale 

Der samnenlignes helst med personens ondet 

Muligheder for 

fortegning of de virkelige forholcl p8 rgntgenbilledet p6 

forstgrrelse of filmmre og filmfjerne punkter i kmleddet er gennedet. 
Det konkluderes, at den longt stgrre bevcegelighed of den loterole tibiokondyl 

ved trek og tryk end of den mediole ikke kan forklores ud fro disse forskelle 
i forstgrrelsen. 

grund of forskellig 

Paralloksefejl forekomner ikke ved optogelserne med lotero-medial 

strblegang. 

at der i praksis kon ses bort fro den. 

Ved 0-p optogelserne er muligheden for porallaksefejl sb lille, 

Mleusikkerhed ved gentagne fotogroferinger og dlinger p6 rgntgen- 

filmene of somme porometre hos de somne forsagspersoner er undersdgt ved 
tripple undersggelser hos 33 personer. Den er med 95% sikkerhedsgmser < 
1,2 mm for medial og lateral sideinstabilitet og < 2 2,4 mn for antero- 

posterior stabilitet. 

aflssning of samme parameter pc? somme film hor mindre interesse; den er for 

fire undersggte porometre co. 2/3 of den ovenfor mvnte Aleusikkerhed. 

Egentlig oflcesningsvsikkerhed fro gong ti1 .gang ved 
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Som standardprocedure onbefales e n  serie stress-optogelser besttiende 
af t o  a-p optagelser og t r e  sideoptogelser af h v e r t  kneled for s ig  i 'lneutral 
position 90°". m61- 
ing af medial og lateral sidellshed. A-P optagelse i ubelostet s t i l l i n g  er , 

fundet overflldig. Ved de seks sideoptagelser o p d s  d l i n g  of onteroposterid 
l0shed samt den overvejende del of rotationsinstabile t i lfadde. 
eksponeringer er herved reduceret ti1 ot te .  

Man o p d r  p6 a-p optagelserne of de t o  k d e d  samtidig: 

Antallet af 

D e t  findes mest rimeligt at  ongive resultater i hele mn. Mlinger og 

beregninger u d f ~ r e s  med een decimal. K r i t i s k  gmseniveau, "c r i t i ca l  level' 
er 2 mn for s idestobi l i te t ,  3 mn for anterior og posterior displocering i 
form of differensen m e l l e m  patientens l d e r e d e  og roske k m .  

< > 
sttis stidon, at  vatrdie? = 2 mm er  normale, verdier = 3 mn er potologisk for- 
hajede for medial og l a t e r a l  s t o b i l i t e t s d l i n g .  
plocering og rotation gelder, a t  vatrdier = 3 mn 

er  potologiske. 

Dette skol for- 

For antero-posterior dis- 
e r  normale og vcerdier 2 4 mn < - 

Kontroindikotioner mod underslgelsen er :  livstruende tilstonde, h s i o  
or ter iae  popliteoe s i v e  iiervi peronei,st$rre frocturer i t i l s t d e n d e  knogler, 
introortikulere frocturer,  rcbntgenologisk p t iv i s te  insertionsafrivninger of 
ligomenterne. 

Kapitel 6: Egne undersagelser, resultoter.  Flrs te  ofsnit  omhondler under- 
s ~ g e l s e r  p6 hundrede normole fors0gspersoner. De omtolte dleusikkerheder 
og kr i t iske grcenseniveauer er  fundet P;; grundlag of de t t e  moteriole. 
fundet normolomrhder for parametrenes stcbrrelse, men ogsti for 
m e l l e m  en  persons t o  knre for o l l e  porametre. Det hor v i s t  s ig  fordlstjenld 
a t  benytte denne differens, idet  den vorierer inden for  et meget l i l l e  omrhdd 
medens porametervatrdierne selv hor meget brede normlomr6der. Fllgelig er 
det vonskeligere pti boggrund of de s i d s t w n t e  normolomrhder a t  udtole s ig  
om, hvorvidt en  poraneter er normal eller ej .  

a t  benytte disse, h v i s  hegge km er  l d e r e d e .  

Der er 
forskellen 

Man er imidlertid tvunget ti1 

P6 grundlog of de ved onatomiske og r~ntgenonotomiske studier fundne 
under 

meget som den mediale i normole 
landmarks ha r  det vceret muligt at $vise ,  at  den l a t e r a l  tibiokondyl 
tr& e l l e r  t r y k  beweges omtrent dobbelt sti 

k m .  Der forekomner altsti en  rotation indod ved trek, udad ved tryk. Der B 

ogsh fundet normole grenser for denne bemgelse og for differensen mellem 
samme persons t o  k m .  I-ignende unders~gelsesmkker e r  gennemfprt med forslg 
personens fadder f ikseret  i 15"s og 30"s udadrotation og 30°'s indadrotati 
Der er fundet god overensstemnelse med en  d k e  forfot teres  undersagelser af 
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hver  deres de l  of instobilitets-"spektret". Forfotteren er uenig med Markolf 
et 01. (1978) og mener, a t  deres  fund of s t o r e  d i f fe renser  m e l l e m  samne para- 
metre i en  normal persons k m  beror p6 e n  unl jogt ig  metode. 

I andet a f s n i t ,  kap i t e l  6 b, er pS 153 l d e r e d e  km undersldgt metodens 
evne ti1 a t  s k e l n e  m e l l e m  normale og l d e r e d e  
er  er opererede, s&ledes a t  gonylaxometrifundet har k u n n e t  sanmenlignes med 
operotionsfundet. Man fondt an te r io r t  skuffesymptom, med foden ret fremod, 
ved 
lesion of liganentum cruciotutn poster ius .  
s ide ins t cb i l i t e t  (c - c 
ligamenturn co l l a t e ra l e  mediale profundurn og ligamenturn obliquum mediale uden 
samtidig t o t a l  ruptur of ligemtnum collaterale mediale super f ic ia le .  Stcdrre 
posi t ive vardier ,  ( c  - ) > 4 mn fandtes  ved t o t a l  ruptur of ligamenturn 
co l la te ro le  mediale superficiale; endnu hejere  m r d i e r  n6r korsbhdsrupturer  
og ruptur of leddets  pos te r iore  kapsel san t id ig  va r  ti1 s tede .  Der 
lmsioner of liganentum co l l a t e ro l e  laterale i mater ia le t .  

km. A l l e  ude r s0g te  pot ient-  

les ion of liganentum cruciatum onter ius ,  pos te r ior t  skuffesymptom ved 
Smcl pos i t ive  w r d i e r  f o r  medial 

< ) > 2 mn ti1 = 4 mn fondtes ved ruptur of syge raska 

tyge 'raske 

er kun f 6  

Der p6vistes i o l t  59 t i l f e l d e  of forske l l ige  former fo r  obnorme roto- 
tionsfmomener. D e t  drejede 5ig om simpel medial ro t a t ions - ins t ab i l i t e t  i 23 
t i l f e l d e  og kompleks onteromedial ro to t ions ins t ab i l i t e t  i 20 tilfcelde. 
v i s t ,  a t  der  meget v e l  kon v e r e  ro to t ions ins tob i l i t e t  i km med meget ringe 
persisterende sidel0shed. Udodrototionsinstabilitet, simpel eller konpleks, 
hovde i de f l e s t e  tilfcelde en fcelles traumemekonisme: obduktion-udodrotation 

D e t  er 

i forbindelse med e n  vorierende grad of kmflek t ion .  
Den gonyloxometriske rnetode er i d e t t e  materiole smmenlignet rned k l i n -  

i s k  unders0gelse og unders0gelse i universel  a m s t e s i .  
s t ~ r s t e  diognostiske sensi t ivi te t  og s p e c i f i c i t e t ,  dog t m t  f u lg t  of under- 
s lge lse  i universel  o m s t e s i .  
I diskussionen er somnenlignet med andre metoder i diognostisk henseende. 
De f l e s t e  fo r fo t t e re  ongiver, a t  or throgrofi  giver  u n ~ j o g t i g e  r e su l to t e r  med 
hensyn ti1 unders0gels.e of ligomentrupturer, 

Den fremviste den 

Den var langt  bedre end k l i n i s k  undersegelse. 

Der er i l i t t e ro tu ren  kun fundet 
een velgennemf~rt  unders#gel:je, 

med h v i l k e n  der kon sommenlignes, 

i s k  s p e c i f i c i t e t  og sens i t i v i t e t  end gonyloxomtri  og undersagelse i u n i v e r s e l  
a m s t e s i .  

rned meget omhyggeligt udfer t  or throgrofi ,  
Denne fremviser dog k lo r t  lovere diognost- 

Kapitel 7: D e t  konkluderes at den gonyloxometriske metode'har 
diognostisk sikkerhed, hprjere end ondre kendte, d .v .s ,  god overensstemmelse 
med operative fund. 

en  meget hOj  

Den hor et s t ~ r r e  spektrum of unders~gelsesmuligheder end 
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ondre kendte,  i d e t  den rummer mulighed f o r  & l i n g e r  o f  somtlige r o t a t i o n s -  
mgnstre,  foruden  s i d e b s h e d  og o n t e r o - p o s t e r i o r  i n s t o b i l i t e t .  Den &ler i 

kendte  f y s i s k e  enheder,  mm, nied reproducerbor  og kendt  k r o f t g v i r k n i n g  og re- 
producerbor r # n t g e n s t r 8 l e r e t n i n g .  
metode. 

Den er d e r f o r  en god v idenskobel ig  &le- 

T i 1  o lminde l ig  k l i n i s k  d i a g n o s t i s k  brug  er den f o r  t i d s rdvende  i den 
he r  onvendte form i f o r h o l d  t i 1  unde r sage l se  i u n i v e r s e l  amstesi, d e r  fo r  
s ide lgshed  og ontero-pos te r ic i r  i n s t o b i l i t e t s b e d # n m e l s e  hor  orntrent some 

d i o g n o s t i s k e  s e n s i t i v i t e t  og s p e c i f i c i t e t .  
d e r  i k k e  k m v e r  s p e c i a l u d s t y r ,  v i l  d e r f o r  fo rmen t l ig  b l i v e  f o r e t r u k k e t  i den 
o lmindel ige  k l i n i k  pc? vore  h o s p i t o l s o f d e l i n g e r .  

U n d e r s ~ g e l s e  i u n i v e r s e l  amstes i ,  
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ANALYSIS OF GONYLAXOMETRIC RESULTS I N  100 NORMAL SUBJECTS 
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This Addendum contains documentation and analysis o f  the resu l ts  o f  measure- 

ments i n  stress radiography, gonylaxometry, of normal persons, since the medi- 

c a l  journals i n  which the pr,evious papers have been published have not had 

space f o r  exhaustive documentation. 

Moreover, the mater ia l  of normal persons was extended from the o r ig ina l  

50 t o  100, and the measuring resu l t s  for  the 100 normal persons are best pre- 

sent ed combined. 

The object of the measurements on normal persons was p a r t l y  t o  assess 

the accuracy of the method, i.e. the ce r ta in t y  or uncertainty o f  the measure- 

ment on repeated measurements on the same person (done on the former ha l f  of 

the normal material, subjects Cal - C050) and t o  establ ish the mean magnitude 

of the knee j o i n t  parameters i n  given posi t ions o f  f lex ion  and rotat ion.  

further 

mal l im i t s ,  hereafter ca l l ed  " c r i t i c a l  levels" of  the sane parameters. 

invest igat ions were performed on both halves of the normal material. 

the condit ions (traction/pressure forces and ro ta to ry  pos i t ion  o f  the foo t )  

were al tered i n  the l a t t e r  half  of the m u t e r i d  (subjects Cb51 - %loo) i n  

order t o  elucidate also the inf luence of these al terat ions.  Therefore, the 

two halves of the mater ia l  are best presented i n  the named order. 

A 

object was t o  ascertain the standard deviat ions (SD) and upper nor- 

These 

However, 

Normal Material.  Admission C r i t e r i a  

These 

the normal material, were qu i te  unchanged f r o m  subject 1 - 100 and w i l l  

therefore be discussed co l lec t i ve ly .  

a l l  the 100 normal subjects, substantiat ing that they have never had knee 

in ju r ies ,  a r t i c u l a r  diseases, or complaints from the knee 

knees have proved sound at c l i n i c a l  exminat ion.  

10 and 15 cm proximally t o  the base o f  the pa te l l a  (as 

excluded quodriceps atrophy (the di f ference between the person's two thighs 

was t o  be < 1 cm). Furthermore, I excluded persons with hydrarthrosis, 

thickening o f  the j o i n t  capsules, res t r i c ted  mob i l i t y  i n  the jo in t ,  c l i n i -  

c a l l y  detectable medial or  l a t e r a l  i n s t a b i l i t y ,  ro ta to ry  i n s t a b i l i t y  or  

drawer sign, tenderness of the j o i n t  l ine,  as we l l  as increased l a x i t y  of 

the poster ior  j o i n t  capsule. 

the i r  knee j o i n t s  beyond the 195' pos i t ion  (measured on the l a t e r a l  aspect 

o f  the l e g  f rom the t i p  o f  the l a t e r a l  

epicondyle and the t i p  o f  the greater trochanter). 

admission c r i t e r i a ,  meaning the condit ions f o r  admitting a person t o  

Special records have been kept f o r  

jo ints,  and t h e i r  

Quodriceps measurements 

th igh  circumference) 

Thus, I excluded persons who could extend 

malleolus t o  the l a t e r a l  femoral 

These measurements were 
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performed w i t h  a special ly designed goniometer with 50 cm long arms. Persons 

with valgus pos i t ion  o f  the knee exceeding 10' were also excluded, seeing that 

Thestrup Andersen (1955) found the vor ia t ion  o f  the angle between the femur 

and t i b i a  i n  the f r o n t a l  plane t o  ronge from 0' t o  10' i n  a mater ia l  o f  100 

persons with sound knees, 

the t i p  o f  the l a t e r a l  malleolus t o  the 

anter, as the object was t o  f i n d  an expression o f  the 

i t s e l f ,  - not o f  a lopsided pelvis, valgus deformity of the femoral neck, or 

the l i ke .  

l k  cm were excluded. 

The length o f  both lower limbs was measured, f rom 

proximal margin o f  the greater troch- 

dimensions o f  the lid 

Persons i n  whom the length o f  the two legs d i f f e red  by more than 

No abnormalit ies were found on the X-ray f i l m s  o f  t h i s  series. 

A l l  the controls were i n  the age range 20 - 50 yeors except f o r  one who 

was 52. rec ru i t i ng  per- 

sons who were w i l l i n g  t o  po r t i c i po te  and p a r t l y  t o  my d is inc l i na t i on  t o  expose 

persons o f  a younger age t o  rad ia t ion  f o r  experimental purposes. Empirically, 

the age group between 17-18 years and 40 years i s  pa r t i cu la r l y  prone t o  sus- 
t a i n  l iganent i n j u r i e s  i n  the knee j o i n t  (compare 

Table 1). 

i t  corresponds t o  

ta in ing  i n j u r i e s  t o  the knee ligaments. 

i n  younger and older age groups. 

found can be used f o r  them too (5). 

This age range was due p a r t l y  t o  the p o s s i b i l i t y  o f  

( 3 )  Toble 1 with (5) 

Thus, the age d i s t r i b u t i o n  o f  the normal mater ia l  i s  relevant, i .e ,  

the age of that  group o f  the population which r i s k s  sus- 

O f  course, such i n j u r i e s  occur also 

I n  practice, however, the c r i t i c a l  levels 

The sex r a t i o  i n  both ports o f  the normal moteriol, and thus also i n  

the t o t a l  normol material, i s  1:l. Those who acted as subjects were students, 

doctors, nurses, nurses' aides, hosp i ta l  porters, engineers, c l e r i c a l  staf f ,  

and teachers, i n  other words a f a i r l y  broad section o f  the population. 

large par t  o f  the hosp i ta l  s t o f f  carry out physical work which makes 

great demands on the lower limbs. 

o f  sport, but  only one man took p a r t  i n  exacting a t h l e t i c  competitions. 

n i c a l  d e t a i l s  and measuring methods have been described. 

A 
rother 

Nearly a l l  o f  them went i n  f o r  some form 

Tech- 

F i r s t  Control  Group ( C d  

The measurements on the f i r s t  group of normol heolthy controls, Cal - Ca25 fe- 
males and Ca26 - Ca50 males ( r o t i o  1:4, were mode i n  1973, from February t o  

May i n c l .  

and (4). 
i n t o  two groups. 

and pressure force 20 kg, whi le other forces were employed i n  group 11. 

A l l  were carr ied out by the present author os described i n  (3) 
As shown i n  Table 1, these f i r s t  50 normal persons were divided 

I n  group I the ab- and adduction force wos 9 kg, t rac t ion  

A t  
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Table 1 

Age d i s t r i b u t i o n  and sex r a t i o  ( m a t e r i a l  C ) 

Age Females Males 

Years t o t a l  qroup I group I 1  t o t a l  q r o u p  I qroup 11 

20-30 22 15 7 18 13 5 

31-52 3 2 1 7 4 3 

a 

20-5 2 25 17 0 25 17 8 

t h i s  s i te t h e r e  i s  a need only  for  emphasizing t h e  statistical a n a l y s i s  of 
t h e  r e s u l t s  i n  g roup  Co and t h e  f a c t  t h a t  a part of t h e  i n v e s t i g a t i o n s  was 

( v i z .  a d u p l i c a t e  a n a l y s i s ) .  
c o n t r o l  pe r sons  (33  f o r  parameters c and d ) ,  1 6  females and 1 6  (17)  males, 

and t h e  s ta t is t ical  a n a l y s i s  was performed as a two-sided va r i ance  ana- 

.performed as a t r i p l i c a t e  a n a l y s i s ,  no t  merely a test/retest examination 
This  t r i p l i c a t e  test was c a r r i e d  o u t  on 32 

l y s i s  +) . 
Let i t  be stated h e r e  t h a t  t h e  force u s e d  t o  act upon t h e  knee j o i n t  

i s  t h a t  r e p o r t e d  i n  paper  ( 3 ) .  
when t h e  h y d r a u l i c  c y l i n d e r  which induces  t h e  force meets wi th  r e s i s t a n c e  
of t h e  same magnitude t o  which it is a d j u s t e d  i t  s t o p s  and t h e r e a f t e r  ex- 
erts on ly  a s ta t ic  a c t i o n .  and f o r  

convers ion  t o  N (Newtons) t h e  convers ion  factor i s  9.81 (Geigy ' s  td les ,  
p. 186) ,  so t h a t  1 kp = 9.81 N. This  factor is e r roneous ly  l ack ing  i n  

(4).  
t i o n  and adduct ion  t o  act upon t h e  f o o t .  
knee a force of 20 - 30 kp was u s e d  t o  provoke a p o s s i b l e  a n t e r i o r  or 
terior drawer s i g n .  
person weighing 60 kg t h e  force it 3.27 N p e r  kg body we igh t ) .  
f a r  below t h e  t e n s i l e  s t r e n g t h  of t h e  l igaments ,  as was discussed i n  t h e  
main survey .  

The movements are performed slowly, and 

The force may also be des igna ted  kp, 

9 kg p r e s s u r e  force = 9 kp = 9 x 9.81 N = 88.29 N was u s e d  i n  obduc- 
During stress on t h e  90' f l e x e d  

pos- 
When conver ted  i t  i s  e.g. 20 x 9.81 N = 196.2 N ( i n  a 

Th i s  i s  

+) Recommended by Bjarn  Andersen, M.D., a d v i s e r  
Danish Medical Research Counci l  and c a r r i e d  o u t  by Er ik  Kousgoard, M.SC. 
( s t a t . ) .  

i n  medical s ta t is t ics  to  t h e  
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Eva lua t ing  t h e  Accuracy o f  t h e  Measurement 
The test/retest method was u s e d  on a l l  t h e  f i r s t  50 s u b j e c t s  d i s c u s s e d  i n  
papers ( 3 )  and (4), and f o r  each parameter t h e  f i r s t  and second measuring 
results, x1 and x2, were conpared as advocated by Therkelsen (1968) +) . 
I t  a p p l i e s ,  then, t o  

Var iance  = s = 2 t: d2. A s  I have called t h e  s t anda rd  d e v i a t i o n  SD' 
and t h e  number of dup icate d e t e r m i n a t i o n s  N i n s t e a d  of k,  t h e  formula i s  

(9) I 2- - m  1 p 2  = k or SD' = IF- 
which r e g r e t t a b l y  has  been d i s t o r t e d  i n  v a r i o u s  ways du r ing  t h e  p r i n t i n g  of 
(3 )  and (4).  However, t h i s  formula  was u s e d  i n  a l l  c a l c u l a t i o n s ,  also i n  
t h o s e  t a b u l a t e d  i n  ( 3 )  and (4 ) .  

calculator wi th  writer (Compucorp 445, S t a t i s t i c i a n R  i n  t h e  l a b o r a t o r y  of 
Dept. C of t h e  G e n t o f t e  U n i v e r s i t y  H o s p i t a l ,  Copenhagen). 

t h e  d i f f e r e n c e  d = x1 - x2: 

The c a l c u l a t i o n s  were performed on a table 

Toble 2 g i v e s  t h e  s t anda rd  d e v i a t i o n s  of t h e  f o u r  parameters  which had 
. o r i g i n a l l y  been in tended  for  d e s c r i b i n g  medial and lateral  s t a b i l i t y  i n  t h e  
f r o n t a l  p l ane :  a, b, c, and d. 

For comparison, it g i v e s  t h e  mean d i f f e r e n c e  between t h e  d u p l i c a t e  
measurements of t h e  parameter  concerned. Th i s  va lue  g i v e s  an i n p r e s s i o n  

of t h e  measuring accuracy  
f e r e n c e  f o r  a, b,  c, and d be ing  between 1/4 and 3/4mmi. 

observed t h a t  t h e  r e s t i n g  p o s i t i o n  " n e u t r a l  p o s i t i o n  160°" was poor ly  de- 
f i n e d ,  as each s u b j e c t  f e l t  t h e  knee r e l axed  a t  a f a i r l y  vary ing  d i s t a n c e  
of t h e  shoe from t h e  mid-posit ion of t h e  appa ra tus .  For  t h i s  reason  t h i s  
i n i t i a l  p o s i t i o n  - and accord ing ly  also pa rame te r s  a and b - were rejected 
as i n c p p l i c o b l e  i n  t h e  measurements (4).  

f i r s t  50 s u b j e c t s ,  and from the  f i n d i n g s  
t h i s  u n c e r t a i n t y  wi th  r e s p e c t  to  t h e  p o s i t i o n  of t h e  f o o t  h a s  n o t  a f f e c t e d  
t h e  knee p a r a n e t e r s  a and b. 
a r l y  low f o r  a, a l i t t l e  greater f o r  b, but n o t  so great t h a t  t h e i r  use hod 
serious consequences t o  t h e  imeasurements. 

- and of a f a i r l y  g r e a t  accuracy  ( t h e  mean d i f -  

During t h e  course o f  t h e  r e s e a r c h  programne i n  t h e  gonylaxometer i t  was 

However, they  were measured i n  t h e  
i n  Table 2 i t  i s  appa ren t  t h a t  

The s t anda rd  d e v i a t i o n ,  SD', i s  even p a r t i c u l -  

In  f a i r n e s s ,  then, it may b e  said, c f .  (4) and Kennedy and Fowler 
(1971) t h a t  a and b (and c-a = medial s t a b i l i t y ,  d-b = lateral  s t a b i l i t y )  

+) Recomnended by t h e  a d v i s e r  i n  medica l  s tatist ics t o  t h e  Research 
Counci l  and performed by t h e  au tho r .  
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Table 2 

Standard dev iat ion,  SD', f o r  t h e  parameters f o r  measuring medial  and l a t e r a l  

s t a b i l i t y  i n  34 normal persons (group I). Units:  mm. Fd= mean d i f f e rence  i n  

dup l i ca te  measurements. 

paramet e r  r i g h t  l e f t  

SD Ed SD' x'd 

0.33. 0.28 0.31 0.28 a = medial  distance, 
unstressed i o i n t  

0.74 0.59 0.70 b = l a t e r a l  distance, o.73. 
unstressed j o i n t  

c medial  d istance 
dur ing abduction 0.53; 0.55 0.56 0.62 
(valgus s t ress )  

d = l a t e r a l  d is tance 
dur ing adduction 0 -5 E. 0.61 0.59 0.65 
(varus s t r e s s )  

were r e j e c t e d  n o t  because they were too  inaccurate,  b u t  because i t  i s  an ad- 

vantage t o  use fewer parameters ( c  = medial  s t a b i l i t y ,  d = l a t e r a l  s t a b i l i t y ) .  

The inpor tonce o f  SD' (standard d e v i a t i o n )  i s  as fo l l ows :  Parameter c 

i n  a person ( s i c k  o r  hea l thy )  must be with 95% c e r t a i n t y  within the  measured 

c va lue 

c e r t a i n t y  i n  a repeated measurement) t 

the confidence l i m i t s  f o r  t h e  measuring method, o r  i n  other  words the  accu- 

racy  o f  t he  measurement w i l l  be ( t2= may be read from a t a b l e  

on the  t d i s t r i b u t i o n ,  e.g. Geigy 's  tab les  1960). The values f o r  SD' and 

2 2.03 x SD' a re  shown i n  Table 3. 
w i l l  i n  a l l  cases be l e s s  than 2 1.2 mm f o r  medial  and l a t e r a l  s t a b i l i t y  

(c  and d) and l e s s  than - 2.4 mm f o r  anteroposter ior  s t a b i l i t y ,  determined 

with 95% confidence l i m i t s .  

tga SD' ( o r  i n  o the r  words: w i l l  be within t h i s  l i m i t  w i t h  95% 

= 2.03 f o r  34 measurements, and 2a 

2.03 x SD' . 
Thus, t he  inaccuracy o f  t he  measurement 

+ 

When us ing  c e n t r a l  p o i n t s  on the  t i b i a  (pt. S )  t he  accuracy o f  t h e  

method i s  seen t o  become n e g l i g i b l y  l e s s  (Table 4). 
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Table 3 

Accuracy of method stated in mm (group I) 

parameter letter SD' ft2 x SD' 

medial 
stabiliw 

lateral 
stability 

c R  0.53 t 1.05 
c L  0.56 t 1.14 

d R  0.58 f 1.17 
d L  0.59 f 1.21 

anterior displacement (e-g) R 0.94 f 1.90 
of lateral tibial condyle (e-g) L 0.88 f 1.78 

anterior displacement (f-h) R 0.51 f 1.04 
of medial .tibia1 condyle (f-h) L 0.66 f 1.34 

posterior displacement (i-e) R 1.08 f 2.19 
of lateral tibial condyle (i-e) L 1.18 f 2.39 

posterior dispiacement (j-f) R 0.68 t 1.38 
of medial tibial condyle (j-f) L 0.70 f 1.42 

total displacement of (i-g) R 0.97 t 1.97 
lateral tibial condyle ( id L 1.14 t 2.31 

total displacement of (j-h) R 0.64 f 1.33 
medial tibial condyle (j-h) L 0.74 t 1.50 

Table 4 

Accuracy of method on using central points For measuring the displacement of the 
tibia as a whole. 

parameter letter SD' f 2.03 x S D  

anterior displacement of tibia E - G  R (183 f 1.68 
(measured by means of point S )  E - G L 0.63 t 1.28 

posterior displacement I - E  R 0.79 f 1.60 
(point S) I - E  L 1.12 f 2.27 

total displacement of I - G  R 0.79 f 1.60 
tibia I - G  L 1.23 f 2.50 

Table 5 

Accuracy of method (standard deviation on repeated measurement). Group II (8 males, 8 females) 

parameter letter SD' force 

abd. 18 kg 

add. 13 kg 

traction 13 kg 

traction 13 kg 

pressure 18 kg 

pressure 18 kg 

F; 0.81 
c L  1.05 

F 0.53 
d L  0.68 

anterior displacement of F; 0.99 
1.14 (e-g) lateral tibial condyle 

0.54 
0.94 

anterior displacement 
of medial tibial condyle 

posterior displacement Fl 0.81 
1.20 of lateral tibial condyle 

posterior displacement F1 0.66 
0.63 of medial tibial condyle 

medial stability 

lateral stability 

(f-h) 

(i-e) L. 

. ( j- f)  L. 
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With o t h e r  forces: abduct ion  f o r c e  18 kg, odduct ion  f o r c e  13 kg, p re s -  
sure on t h e  proximal end of t h e  t i b i a  18 kg, and t r a c t i o n  ( a n t e r i o r  d i s p l a c e -  
ment) 13 kg on ano the r  1 6  persons  ( 8  males and 8 females, group 11),  t h e  
s t anda rd  d e v i a t i o n s  (SD') were as shown i n  Table 5. 
somewhat g r e a t e r  than  i n  group I f o r  c and d, bu t  no t  e s s e n t i a l l y  d e v i a n t ,  
wh i l e  for  (e-g) , ( f -h )  , ( i - e )  , and ( j - f )  t hey  do n o t  d i f f e r  a t  a l l  from t h o s e  
found i n  group I .  

On t h e  whole, they  are 

A s t anda rd  d e v i a t i o n ,  SD', on t h e  d u p l i c a t e  measurements from 0.53 mn 

. t o  1.23 mn and t h e  cor responding  95% conf idence  l i m i t s :  t 1.2 mn for lateral 
i n s t a b i l i t y  and 2 2.4 for a n t e r o p o s t e r i o r  i n s t a b i l i t y  imned ia t e ly  raises t h e  
ques t ion  whether 
f r a c t i o n s ,  or whether it would be more reasonab le  to  state them i n  whole mn. 

In my op in ion ,  measurenients and c a l c u l a t i o n s  du r ing  t h e  pe r iod  of t e s t i n g  t h e  
method must be s t a t e d  wi th  dec imals ,  d e f e r r i n g  t h e  f i n a l  d e c i s i o n  of t h i s  
q u e s t i o n  u n t i l  t h e  results f o r  normal s u b j e c t s  as w e l l  as those  for  i n j u r e d  
persons  i n  a test material have been ana lysed .  

i t  i s  a t  a l l  r easonab le  t o  state t h e s e  results wi th  decimal 

Less i n t e r e s t  a t t a c h e s  t o  actual inaccuracy  i n  r epea ted ly  reading  t h e  
Therefore ,  t h i s  was t e s t e d  f o r  on ly  a few some parune te r  on t h e  stme f i l m .  

parameters :  c, d ,  e, and f .  
were used. Only r i g h t - s i d e d  p a r u n e t e r s  were tested. 
wi th  a long  i n t e r v a l  of time between t h e  two read ings .  
were compared by t h e  
i n v e s t i g a t i o n s  of t h e  measuring accuracy .  The results of t h e  mean, x, and 
t h e  s t anda rd  d e v i a t i o n ,  SD", are shown i n  Table 6. 
two- th i rds  of t h e  to ta l  inaccuracy  of measurement. 

X-ray f i l m s  of 45 knees from t h e  Cb material 
The comparison was b l ind ,  

The 2 x 180 r ead ings  
same statist ical  method t h a t  was used i n  t h e  test-retest - 

They c o n s t i t u t e  about 

Table 6 

Inaccuracy of duplikate reading on the same film, unit: mm. 

parameter numerical mean difference x standard deviation SD" 

CI - ca 0.36 D 0.4 0.30 = 0.3 
0.33 e 0.3 

el - e2 0.63 = 0.6 0.56 = 0.6 
f, - f, 0.49 1 0.5 0.44 = 0.4 

0.37 2 0.4 d, - d2 
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i 1  j 3 

51 %j 

i xil xij xi3 . . 
~ k l ~ k j  5 3  

t .1 .j -3 sum x x x 

In order to elucidate further the relationship between the accuracy 
of the method and the size of the parameters needed as well as the magnitude 
of the variation in these parameters, triple testing was done in 33 cases for 
parmeters c and d, in 32 cases for the other parameters, 

Variance analysis was performed on this triple test (performed and 
measured in a randomized, blind way just like the test-retest method (cf. 

(3)). 
in assessing anterior or posterior displacement of the tibia in relation to 
the femur a traction or pressure force of 20 kg. 

In the triple analysis the abduction or adduction force was 9 kg, and 

The two-sided analysis of variance has been described in most major 
textbooks of statistics, e.g. in A. Hold: 
ff. (1957). 

"Statistical Theory", p. 456 

If the measurements are designated as follows: 
measurement j I 

s u m  

xl. 

X i. 

5. 
X .. 

sub- 
ject 

the following expressions of  the sum of squares of deviations between 
the subjects are obtained: 

between measurements 

3 (x .l (x .. l2 
SSDm = k f (% - )2-= - - 

- j  .. 3k j =1 j =1 

residual I 

t o t a l  
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The degrees  of freedom f o r  t h e s e  f o u r  sums of squa res  are k-1, 2, 
2(k-1), and 3k-1. 
fo l lowing  e x p r e s s i o n s  of va r i ance :  

This  a f f o r d s ,  f o r  t h e  f i r s t  t h r e e  s u m s  of squares, t h e  

s2 = SSDp/(k-1), sf = SSD,,,/P and sf = SSDr/2(k-1) 
P 

This  presupposes  t h a t  t h e  mean v a l u e  M(x. .) = a +  pi + can  be s p l i t  
13 y j  

up i n t o  a d d i t i v e  c o n t r i b u t i o n s  which c h a r a c t e r i z e  t h e  s u b j e c t  and t h e  number 
of t h e  measurement. The hypo thes i s  
s u b j e c t s )  can be  tested by t e s t k n g  whether M(s ) > M(sr). 

an F - t e s t ,  F( f l=  k-1, f 2  = 2(k-1)) = s2/s2 
P r *  

ceeds 1, t h e  hypo thes i s  
(no d i f f e r e n c e  between t h e  measurements) i s  t e s t e d  by F(fl=2, f2=2(k-1)) = 

pi = 0 ( i . e .  no d i f f e r e n c e  between t h e  
2 2 
P 
I f  t h i s  ra t io  s i g n i f i c a n t l y  ex- 

= 0 

This  i s  done by 

p i  = 0 has  t o  b e  rejected. I n  t h e  same way, y 

2 2  sm/sr. 
Table 7 g i v e s  f o r  t h e  1 6  measurements t h e  sums needed to  calculate 

t h e  SSD’s which are g iven ,  w i th  t h e  cor responding  va r i ances ,  i n  Table 8. 

This  table also sets o u t  t h e  F v a l u e s  f o r  both tests c a r r i e d  out  p e r  measure- 

Table  7 .  

33 273.2 270.0 Right 

c L e f t  33 271-7 274.7 
d R 33 433.5 429.6 
d L 33 425.6 422.8 
(f-h)R 32 70.3 68.9 
(f-h)L 32 80.6 85.8 
(i-gIR 32 240.7 250.8 
(i-g)L 32 245.3 253.2 
(j-hIR 32 124.6 127.7 
(j-h)L 32 130.8 135.8 
(i-el, 32 99.9 107.6 
(i-eIL 32 99.1 102.9 
( j - f IR 32 54.3 59.9 
(j-fIL 32 50.2 50.0 
(e-g), 32 140.8 143.2 
(e-g)L 32 146.7 150.3 

275.4 
274.5 
428.3 
426.3 
74.8 
84.8 

248.6 
247.3 
128.9 
139.9 
104.5 
104.8 
54.7 
55.1 

145. o 

143.5 

818.6 
820.9 

1291.4 
1274.7 
214.0 
251.2 

740.1 
745.8 
381.2 
406.5 
312. o 

306.8 
168.9 
155.3 
429.0 
440.5 

7015.88 
7016.63 

17126.00 
16626.41 

678.42 
873.72 

6093.41 
6185.86 
1779.98 
2018.59 
1154.92 
1149.9  
371.77 
319.15 

2213.16 
2404.67 

6769 1939 
6807.0oi’o 

16846.0394 
16412.9361 

477.6356 
657.7825 

5707.4716 
5794.9881 
1513.9894 
1722.5716 
1014.9381 
981.0081 
297.-7684 
251.7516 

1917.3712 , 

9021.9759 

6996.3200 
6995.6567 

17106.1133 
16610.0233 

658.6133 
851.0467 

6027.1033 
6109.0200 
1751.7400 
1989.4967 
1083.8467 
1065.6467 
334.5033 
282.3167 

2156.0133 
2353.7900 

6768.7471 
6806.8365 

16845.5956 
16412.7282 

477.0417 
657.3067 

5705.7084 

1513.6817 
5793.9338 

1721.2734 
1014.0000 
980.4817 
297.1584 
251.2301 

1917.0938 
2021.2526 
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Table 8. 

s u b j e c t s  
rnsasur ernt 
r e s i d u a l  

t o t a l  

s u b j e c t s  
m ea s u r  ern t 

r e s i d u a l  

t o t a l  

s u b j e c t s  
measuremt 
r e s i d u a l  

t o t a l  

s u b j e c t s  
measur emt 
r e s i d u a l  

to ta l  

subjects 
meas ur em t 
r e s i d u a l  

to ta l  

subjec ts  
measur em t 
residual 
t o t a l  

C R  
SSD f s ' F  

227.57 32 7.11 23.70 
0.45 2 0.22 dl 

19.11 64 0.30 
247.13 98 

d i  
SSD f s2 F 

197.30 32 6.17 24.41 
0.21 2 0.10 L 1  

16.18 64 0.25 
213.68 98 

( i - g )  

SSD f s2 F 

321.39 31 10.37 9.96 
1.76 2 0.88 41 

64.54 62 1.04 
387.70 95 

( j - h )  L 

268.22 31 8.65 19.29 

2 
SSD f 6 F -  

1.30 2 0.65 1.45 
27.80 62 0.45 

297.32 95 

( j - f ) ~  

SSD f s2 F -  
37.34 31 1.20 2.03 
0.61 2 0.30 (1 

36.66 62 0.59 
74.61 95 

(e-g) 

SSD f s F .  
2 

332.54 31 10.73 13.26 
0.72 2 0.36 r: 1 

50.16 62 0.81 

383.42 95 

C L  

SSD f S2 F 
188.82 32 5.90 18.15 
0.17 2 0.09 4 1  

20.80 64 0.33 
209.79 98 

( i - g I L  

SSD f s 2 F  

1.05 2 0.53 4 1  
315.09 31 10.16 8.31 

75.79 62 1.22 

391.93 95 

( i - e I R  

SSD f 6 2 F  

69.85 31 2.25 1.99 
0.94 2 0.47 L 1  

70.14 62 1.13 
140.92 95 

( j - f ! L  
SSD f s2 F 

31.09 31 1.00 1.71 
0.52 2 0.26 41 

36.31 62 0.59 
67.92 95 

43 

SSD f 6 2 F  
260.52 32 8.14 26.79 

0.44 2 0.22 c1 
19.44 64 0.30 

280.40 98 

(f-hIL 

193.74 31 6.25 17.46 
0.48 2 0.24 4 1  

SSD f 6 2 F  

22.20 62 0.36 
216.41 95 

( j-h)R 
SSD f s2 F 

!38.06 31 7.68 17.05 
0.31 2 0.15 cl 

27.93 62 0.45 
!66.30 95 

[ i - e ) L  

SSD f s ' F  

85.16 31 2.75 2.04 
0.53 2 0.26 c 1 

83.41 62 1.35 
L69.10 95 

:e-g1, 

SSD f 6 2 F  
'38.92 31 7.71 8.41 

0.28 2 0.14 4 
56.87 62 0.91 

'96.07 95 



- 121 - 

ment. The s ign i f icance leve ls  f o r  the F-test - with the present degrees o f  

freedom - w i l l  be seen from: 

degrees o f  freedom s ign i f icance l e v e l  
1% 0.1% 

1.63 1.99 2-48 

31.62 1.64 2.01 2.52 

2.62 3-15 

I t  i s  apparent that the va r ia t i on  between the subjects was s ign i -  

L' f i can t  a t  the 0.1% l e v e l  i n  near ly  a l l  cases. 

and ( j-f)R the va r ia t i on  i s  s i gn i f i can t  a t  the 1% level ,  but f o r  ( j-f)L 
not u n t i l  the 5% leve l .  

jected f o r  a l l  1 6  measurements - even very convincingly i n  most o f  the 

cases. 

I n  3 cases: (i-e)R, ( i -e)  

Sulming up, the hypothesis P i  = 0 has t o  be re -  

Reversely, the tes t i ng  o f  the va r ia t i on  between the measurements 

F was greater 

Thus, the 

gives i n  p r a c t i c a l l y  a l l  cases an F-value lower than 1. 

than 1 i n  only  one case (j-h),-, but f a r  from s ign i f i can t l y .  

hypothesis y 

has t o  be accepted i n  a l l  cases. 

= 0, which means no d i f ference between the measurements, 
j 

To the above the fo l low ing  may be added: That the Pi = 0 hypothesis 

i s  re jected means tha t  the subject-to-subject variance i s  not 0. 
contrary, there are s ign i f i can t  d i f ferences between the parameters f o r  the 

various subjects, This "vorionce between subjects" i s  abbreviated "sub- 

jec ts "  i n  Table 8. The variance "w i th in  subjects" consists o f  two, v iz .  

the variance between the measurements: "measurements", and a res idual  va r i -  

ance depending upon the subject, "residual".  Reversely, as already stated, 

there i s  no s ign i f i can t  d i f ference f rom one measurement t o  another (or be- 

tween the three measurements) i n  the same subject. Accordingly, the method 

does not hove systematic errors. The accuracy o f  the measurement i s  sa t is -  

factory. 

(SD')2 i n  the test - re test  investigation, j u s t  as they ought t o  be. 

On the 

s2 i n  "measurements" (Toble 8) i s  i n  the same order o f  magnitude as 

The a p p l i c a b i l i t y  o f  the method otherwise must then be assessed accord- 

i n g  t o  i t s  a p p l i c a b i l i t y  i n  a 

upper l i m i t s  o r  " c r i t i c o l  leve ls "  have been found on the basis o f  the ma- 

t e r i a l s  o f  normal persons. 

patholog ica l  mater ia l  once ''normal values", 
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I n  the pathological material, Addendum 11, there i s  f o r  each pa t ien t  - 
wi th  a couple o f  exceptions - one sound and one in ju red  leg. Therefore, i t  

might be investigated whether ii and SD 

knees accorded w i th  the f indings i n  the normal material.  

mal mater ia l  i s  considered so .Large and exhaustive that  t h i s  procedure was 

deemed superfluous. 

mater ia l  i s  using the parmetes i n  the in ju red  knee less the parameter i n  the 

uninjured knee. 

f o r  the paraneters f rom these sound 

However, the nor- 

The idea o f  the standard procedure i n  the pathological 

Paraneter Values i n  Normal Persons (Cd 
The "standard values" f o r  group I have been reported already i n  ( 3 )  as we l l  

as (4), so that here they w i l l  be l i s t e d  only i n  the form o f  the mean, x, 

and standard deviation, SD, i n  Table 9. The mean and SD were calculated 

i n  the f i r s t  series o f  meosureiments fo r  the r i g h t  and l e f t  l e g  separately. 

The values l i s t e d  i n  Table 9 are the higher one f o r  each parameter, and thus 

enable calculat ions o f  an upper normal l i m i t ,  a " c r i t i c a l  leve l " .  The ca l -  

culat ions included 2 decimals, but f o r  the sake o f  c l a r i t y  they are rounded 

t o  one i n  Table 9. Testing o f  a difference, i f  any, between the parameters 

i n  females and males was done fo r  each l e g  separately, using the Mann-Whitney 

rank sum tes t  f o r  unpaired data f o r  a l l  parameters o f  group I (group I1 be- 

i n g  estimated as too small). A s ign i f i can t  sex di f ference (a t  the 1% leve l )  

was found only fo r  paranter c - while i n  a l l  other cases there was no s ign i -  

f i can t  sex difference, not even a t  the 5% leve l .  

placement) proved t o  be p rac t i ca l l y  i den t i ca l  with the calculat ion (e-9) + (f-h) 

- 

The movement of the central  point, S, i n  the form o f  E G  (anter ior  d is -  

2 
Similar considerations apply t o  parameters I -E  and 14, c f .  Table 9. 
accuracy o f  the method, also when using these central  points, i s  qu i te  close 

t o  that  found by using the mean o f  the displacement o f  the l a t e r a l  and medial 

t i b i a l  condyles (compare Tables 3 and 4). 
displacement o f  the 

when using the mean, and since furthermore they can a f fo rd  information about 

the rotat ion, they were selected, 

the standard measurements, although i t  has been shown tha t  

displacement can be measured by means of cen t ra l  points too. 

o f  these measuring points was again done on the basis o f  the consideration: 

t o  obtain the largest possible: number o f  data through the fewest possible 

parmeters. 

The 

Then, since the paraneters of the 

ind iv idua l  t i b i a l  condyles a f fo rd  the sane information 

Therefore, E, G, and I were omitted i n  

the anteroposterior 

The omission 

This reasoning was b r i e f l y  discussed i n  (4). 



Table 9 

N
orm

al values in
 groups I and 11, characterized by the m

ean, x, and SD for the various param
eters. 

U
nit: m

m
. 

param
eter 

action 
(group I) 

x 
SD 

action 
(group 11) 

X
 

S
D

 
L

 
-
 

C
 d 

e -9 

f-h
 

(e-gl + (f-h
) 

2 

I 
E

-
G

 

i -e 
8

 
4
 

I 

j -f 

(i-e) + (j-f) 
2
 

I-E
 

T
otal a

-p
 

displacem
ent: 

i -g
 

j-h
 

I-G
 

m
ales 

f em
a I es 

both sexes 

both sexes 

both sexes 

both sexes 

both sexes 

both sexes 

both sexes 

both sexes 

both sexes 

both sexes 

both sexes 

both sexes 

both sexes 

abduction 
abduction 

adduction 

traction 

traction 

traction 

traction 

pressure 

pressure 

pressure 

pressure 

pressure &
 traction 

pressure &
 traction 

pressure 81 traction 

pressure &
 traction 

9 kg 
9 kg 

20 kg 

20 kg 

20 kg 

20 kg 

20 kg 

20 kg 

20 kg 

20 kg 

20 kg 

20 kg 

20 kg 

20 kg 

20 kg 

9.0 
7.0 

12.9 

4.4 

2.3 

3.4 

3.4 

3.1 

1.6 

2.5 

2.6 

7.5 

4.0 

5.8 

6.2 

1.3 
1.2 

1.9 

2.1 

1.5 

1.7 

1.8 

1.4 

0.8 

0.8 

1.2 

2.2 

1.8 

1.8 

2.0 

abduction 
18 kg 

9.6 
2.8 

abduction 
18 kg 

9.6 
2.8 

adduction 
13 kg 

14.9 
.1.8 

traction 
13 kg 

5.2 
2.2 

. 

13 kg 
2.1 

1,9 
traction 

traction 
13 kg 

3.1 
1,8 

pressure 
18 kg 

3.5 
1.5 

18 kg 
1.7 

0.8 
pressure 

D
ressure 

18 kg 
7

6
. 

0.8 

N
ot calculated here ow

ing to
 the difference 

in
 the pressure and traction forces. 
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As i s  also apparent f rom l a b l e  9, the normal ranges o f  a l l  the paraneters 

stated are very wide, meaning that the subject-to-subject var ia t ion  o f  one 

parameter i s  marked( "var iat ion between It was 

attempted, therefore, t o  look fo r  a parameter which remained more uniform from 

subject t o  subject, and i t  was found that the dif ference between the two legs 

o f  the sane subject was always very small. - Therefore, a l l  parmeters were 

converted t o  / r i gh t  - l e f t /  (numerical dif ference between the subject 's two 

knees). 

values f o r  group I1 i n  Table 10,. i n  which (i-g) and (i-h) are omitted, as they 

s ign i f y  nothing, the pressure arid t rac t i on  being exerted w i t h  d i f f e ren t  

forces. 

and i n  (4) Table 1. 

(e.g. i n  a pat ient  with a knee i n j u r y  whose other l e g  i s  uninjured). 

a pat ient  with i n j u r y  t o  both knees, the normal range o f  the poraneter has t o  

be used, and i t  i s  so wide that doubt may ar ise  as t o  whether or not the 

values measured i n  the pat ient  are pathological. 

subjects" h igh ly  s ign i f i can t )  . 

Corresponding calculat ions f o r  these differences are shown by the 

Where group I i s  conctzred, these values were given i n  (3) Table 2 
I t  i s  alwa;/s an advantage t o  use them whenever possible 

But i n  

I t  w i l l  be seen that the actions used i n  group I1 are presumably not 

pa r t i cu la r l y  well-suited, as i n  

the normal range are higher than i n  group I (higher than caused by the higher 

t h i s  group the 97% confidence l i m i t s  fo r  

conditioned by the smaller number o f  persons). I n  group I 2.0 rrun proves t2a 
t o  be the upper 97P% confidence l i m i t  f o r  normal knees a t  a 9 kg force o f  ac- 

t i o n  i n  adduction as we l l  as abduction, while 3.1 mm i s  seen t o  apply i n  t h i s  
and a l l  cases o f  anteroposterior displacement during the action of  20 kg, cal- 

culated as the numerical dif ference between two sound legs ( including the in-  

accuracy o f  the measurement). For use i n  comparing with other materials (c-a) 

i s  stated f o r  the 34 normal subjects (group Ca, group I )  - 68 measurements: 

range 1.1 mn t o  6.1 mm. 

Table 10 

Standard values for the parameter differences /PR - P I characterized by the mean, x, 
standard deviation, SD, and the 97 112% upper critical level x + t, x SD. Unit mm. 
Group: II actions: adduction 13 kg, abduction 18 kg, traction 13 kg, pressure 18 kg. 

L 

- 
parameter X SD % +2.12 x SD 

ICR - CLI 0.79 0.50 1.85 

IdR - d L l  1.12 0.71 2.62 

(e-d/R - L/ 1.56 1.48 4.69 

lf-h)/R- L/ 0.8 1 0.76 I 2.42 

( ' 4 / R  - L/ 1.01 0.81 2.72 

(j-f)/R - L/ 0.97 0.73 2.51 
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Control Group Cb 
This group was added, partly because an investigation of normals during another 
force of action seemed required. 
rotation in the ankle and knee joints during the traction and pressure man- 
oeuvre. 
ment of rotatory instability in the knee joint. 
were examined from July to December 1977 and received letter-number combina- 
tions: Women Cb51 - Cb75 and men Cb76 - CblOO. In all ab- and adduction 
tests (all in the 160' position) the force used was 9 kg to each foot fixing 
gear and at all traction (anterior displacement of the tibia) and pressure 
monoeuvres (posterior displacement o f  the tibia) 30 kg on the proximal end 
of the tibia. All 50 subjects had the named measurements, using the stated 
tractions and pressures from "neutral position 90°1', i.e. with foot rota- 
tion 0, and also during traction and pressure at an external foot rotation 
of 15'. The shoes on thre floor of the gonylaxometer can be fixed in any 
rotatory position of the foot. 49 subjects had the abduction and adduction 
test at the sane time. Thirteen, 7 females and 6 males (Cb51 - Cb55 incl., 
Cb63, Cb64, Cb76 - Cb80 incl., and Cb87) had the pressure and traction test 
at the sane time with 90' flexion in the knee and external rotation of 30' 
of the foot. Another 10 (Cb56 - Cb60 incl. and Cb81 - Cb85 incl.) were also 
exanined with the foot fixed in 30° internal rotation. The positions o f  the 
foot and the degree scale on the floor are shown in the illustrations (Figs. 
7, 17 - 22). All 
mathematical 

So did an investigation of the role of 

Lastly, it was attempted to solve the problem concerning measure- 
The 50 persons of this group 

The age distribution and sex ratio are given in Table 11. 
and statistical analyses o f  control group Cb were performed 

in the Computing Centre for the County of Copenhagen +) . 

Table 11 

Age distribution and sex ratio in series Cb. N = 50 persons. Ratio females/males: 1/1 

Minimum age: 20 Maximum age: 50 Mean age: 31 
~ ~- 

Fractiles: 5 % 10 % 25 % Median 75 % 90 % 95 % 
22 years 23 years 26 years 30 years 34 yean 40 years 44 years 

females males 
20 - 30 years 13 16 
31 - 40 years 9 7 
41 - 50 years 3 2 

~~~ ~ 

+) Adviser: Leif Mortensen, M.Sc. (Eng.). Location; The Copenhagen County 
Hospital, Herlev. 
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This section, then, is in two ports: One part deals with "upper criti- 
cal levels" for the paraneters concerned and the upper limits for the diff- 
erence between the uninjured, sound legs of the sane person with the foot in 
neutral position during an action of 30 kg pressure and traction. The other 
part deals with rotation of the tibia, partly during 30 kg action in neutral 
position and in various positions of rotation of the foot, partly without an- 
teroposterior action forces. 

Parameter Values in Normal Persons (C,) 
In group 
by sex, height, weight, and leg length. Moreover, the mutual relationship 
between sex and height, sex cind leg length, and sex and weight was investi- 
gated. 
pendence of the parameters - the parameters being simply dependent upon the 
dimensions of the knee joint, 

it was investigated whether the parameterswere influenced at all 

Such a relationship might easily be the actual cause of a sex de- 

As in the former half of the control material (group Ca) there proved 
to be a statistically significant difference in parameter c between the two 
sexes, but none in parameter d. 
in men than in women - and indeed these two parameters represent condylar 
dimensions, not ligament stability (Table 12). 
therefore, the significantly shorter distance c in women represents a gener- 
ally smaller dimension in the women, The lacking difference in d must attract 
more attention, as it indicates greater laxity of the lateral than of the medi 

a1 ligament, independently of bone dimensions, in the position in which the 
leg was examined. 
meter, when both sexes 
from the trochanter to the ntalleolus) affords the same impression, viz. that 
the sex dependence is due to the generally larger dimensions in men. 
13 demonstrates a definitely significant parameter dependence upon leg length 1 
(still with the exception of' parameter d) - and this corresponds to a dimen- 
sion dependence. In particular, the paramters which are so significantly de- 
pendent upon leg length (e (2nd f) again represent the dimensions of the knee. 

entire cb) gives the same 
other paraneters). 
alter for these parameters. 

Moreover, e and f are significantly greater 

Judging by these findings, 

A similar result of a Spearman rank test for the same pare 
are tested together for leg length (mean distance 

Table 

i The Spearman rank test on the same parameters against height (in the 
result (no dependence o f  d and dependence of all 

In Table 14 x' and SD are not repeated, as they do not 
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Table 12 

Test of sex dependence of parameters c, d, e, and f. Mann -Whitney test. 
Mean, x, and standard deviation, SD, in mrn. 

- significance significant 
parameter sex X SD level difference +/- 

P = 0.0000 + (highly) 

P = 0.0000 + (highly) 

males 9.80 1.14 
C R  females 8.12 1.01 

males 9.80 1.24 
CL females 8.27 0.86 

males 
dR females 12.34 1.48 

males 
dL females 12.01 1.51 

males 40.92 3.50 
eR -neutral females 34.44 2.72 

12.53 1.82 P = 0.9203 - 

12.56 2.14 P = 0.4470 - 

P = 0.0000 + (highly) 

P = 0.0000 males 41.20 3.45 
e~ -neutral females 34.91 2.76 

P = 0.0000 males 52.45 3.04 
fR -neutral females 45.72 2.1 2 

P = 0.0000 males 51 .OO 3.00 
fL  - neutral females 45.12 1.85 

+ (highly) 

+ (highly) 

+ (highly) 

Table 13 

Spearman rank test for dependence of leg length of parameters d, c (N = 49). 
and e and f (N = 50). 

Leg length: Mean 83.27 cm Range: 75-97 cm 
significant 

- signif ica nce dependence +/- 
parameter (both sexes) X SD level level p < 0.05 

C R  8.98 4.92 p = 0.0072 + 
CL 

dR 

dL 

eR -neutral 

L -neutral 

R-neutral 

f L- neutral 

9.05 1.31 p = 0.0648 - (+ at 6% level) 

12.39 1.65 p = 0.2916 - 

12.29 1.86 p = 0.1822 - 

37.68 4.51 p = 0.0000 + (highly) 

38.05 4.43 p = 0.0000 + (highly) 

49.09 4.27 p = 0.0000 + (highly) 

48.06 3.86 p =  0.0000 . + (highly) 
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Table 14 

Relationship between height (in cm) and parameters c, d, e and f. Spearman rank test. 
Height: Mean 173.80 cm, Range 158- 196 cm. 

parameter (both sexes) significance level significant dewndence +/- 

C R  

CL 

p = 0.0004 

~ ~~ - 

+ (highly) 

p = 0.10088 + 
p = 0.1381 - 
p = 0.0581 - 

dR 

dL 

eR -neutral p = 0.0000 + (highly) 

eL-neutraI p = 0.0000 + (highly) 

R -neutral p = 0.0000 + (highly) 

f L- neutral p = 0.0000 + (highly) 

Table 15 

Relationship between body weight (kg) and parameters c, d, e, and f. Spearman rank test. 
Body weight: Mean 65.98 kg. Range 46 - 89 kg 

parameter (both sexes) significance level significant dependence +/- 

C R  p = 0.0000 + (highly) 

CL p = 0.0017 + 
dR p = 0.0377 + (low) 

dL p = 0.0165 + (low) 

R - neut ra I p = 0.01000 + (highly) 

eL - neutral p = 0.0~000 + (highly) 

R-neutral p = 0.0000 + (highly) 

f L-neutral p = 0.0800 + (highly) 
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Table 15 presents the relat ionship t o  body weight. I n  this, unl ike the 

other analyses, also paraneter d was found t o  increase i n  step with the body 

weight . 
Age (Table 16) shows no relat ionship t o  the parameters tested. 

t h i s  could not be expected, as the age range was f a i r l y  narrow (the great 

majori ty being from 20 t o  40 years), none i n  childhood or puberty, and none 

i n  the senium i n  which deviant values might be expected. 

sents the var iat ion of  the  parameters i n  the form o f  the mean, x, and range 

i n  order t o  give an impression o f  the great width of  the normal range. 

Indeed, 

Table 1 6  also pre- - 

Now, i t  i s  o f  interest  t o  ascertain that the Wilcoxon-Mann-Whitney 

test shows no signi f icant difference i n  age d is t r ibut ion between the two 

groups (p  = 0.8383). 
the 25 women a mean age of  31. l2 years, range 20 - 46. 
very equal age d is t r ibut ion.  

The 25 men hod a mean age o f  30.80, range 21 - 50, and 

I n  other words, a 

On the other hand, there i s  a highly s igni f icant difference i n  leg 

length, height and weight between the mole andothe female groups, these 

parameters being s ign i f icant ly  greater i n  the males (Table 17). 

l y  the sex dependence of  parameters c, e, and f, found already, must be assumed 

t o  be a matter of  dimensions. 

According- 

Table 16 

Spearman Rank test for relationship t o  age for parameters c, d, e, and f, 

parameter 
(both sexes) Mean Rang(? significance level significant dependence +/- 

CR 

C L  

8.98 5.70-1 2.80 p = 0.9968 - 

9.05 6.50- 12.80 p = 0.7061 - 

12.39 9.60- 18.40 p = 0.9734 

12.29 9.50-19.40 p = 0.5467 
dR 

dL 
37.68 29.50-48,30 p = 0.7276 - 

38.05 28.50-49.20 p = 0.81 88 - 

49.09 41.10-58.60 p = 0.5248 - 

48.06 40.90-55.70 p = 0.2623 - 

eR-neutral 

eL-neutral 

R-neutral 

f L-neitral 
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Table 17 

Relationship between sex and leg length, height, and weight in group cb. Mann-Whitney test. 

Leg length in cni Height in cm Weight in kg 

Sex males females males females males females 

Mean 86.40 80.08 180.04 167.56 74.32 57.64 

Range 79-97 75-87 167-196 158-175 59-89 46-66 

SD 4.02 3.40 6.11 4.35 7.99 6.11 

p= probability p = 0.0000 p = 0.0000 p = 0.0000 

significant 
difference +/- + (highly) + (highly) + (highly) 

Testing the secondary (or  calculated) parameters, e-g, f-h, etc., f o r  

s i gn i f i can t  sex dif ferences showed a few convincingly s ign i f i can t  d i f f e r -  

ences, but as a r u l e  no s ign i f i can t  d i f ference a t  the 5% l e v e l  (Table 18) 

o r  a d i f ference which was barely s ign i f i can t  a t  t h i s  leve l .  

be the small displacements i n  sound knees. 

i n  a l l  cases too small t o  j u s t i f y  separate tabulat ion 

The sane applied when tes t i ng  against l e g  length (Table 18). I t  was es t i -  

mater, therefore, that  i n  the case o f  these parameters there was no reason 

t o  d iv ide  the mater ia l  i n t o  a m'ole and a female group or  use any other form 

o f  s t r a t i f i c a t i o n .  

f o r  

The reason may 

However, the dif ferences were 

o f  females and males. 

A l l  the tested persons (N = 50)  can be used together 

each s ide  and f o r  each parometer. 

- 
"Standard values", now, can be defined around the mean value, x, o f  

the desired parameters, e.g. w i t h  an upper 97& confidence l i m i t  x + 2 SO 
(Table 19 ) .  For parameter c, x tmd SD should be given separately f o r  each 

sex, as was done i n  Table 12. 

are the l e f t  and r i g h t  parameters. Therefore, i t  i s , s u f f i c i e n t  t o  use 

the higher value when seeking the upper normal l i m i t ,  i .e .  the c r i t i c a l  

leve l ,  as i s  done i n  Table 19. 

From Table 19 i t  i s  apparent a lso how close 

I f  parameter c i s  not divided by sex, but the r ight  knee i s  analysed 

i n  r e l a t i o n  t o  the l e f t  one (50 i n  each group), the agreement i s  so close 
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Table 18 

Dependence of secondary parameters on sex and leg length (trochanter - malleolus distance). 

significant significant 
parameter difference Mann-Whitney dependence Spearman test 
(footneutral) femaleslmales p values on leg p values 

+ 1- lenath +/- 

(e-g) R + p = 0.0012 + p = 0.0104 

( f -h)  R + p = 0.0488 - p = 0.2020 

(e-g) + (f ~ h )  
2 + p = 0.0042 + p = 0.0363 

(e-9) L + p = 0.0174 + p = 0.0517 

( f - h )  L - p = 0.3768 - p = 0.3987 

(e-g) + ( f -  h) - p = 0.0727 - p = 0.0862 

( i -e)  R + p = 0.0488 - p = 0.4558 

( j - f )  R - p = 0.3220 - p = 0.3784 

- p = 0.4096 - p = 0.8731 ( i -e )  t ( j - f )  
2 

( i -e )  L + p = 0.0055 + p = 0.041 1 

2 L  

( j - f )  L - p = 0.8460 - p = 0.7234 

- p = 0.1623 - p = 0.4852 ( i - e ) + ( j - f )  
2 

Table 19 

Mean, SD and upper critical levels (97 112%) for the parameters of anterior and 
posterior displacement. Traction arid pressure forces: 30 kg. Neutral position 90" 
(rotation of foot 0). Both sexes, (N = 50). 

- - 
DisDlacement Darameter X SD x SD x + 2 S D  

ant. displacement 
lat. condyle 

ant. displacement 
med. condyle 

ant. displacement 
mean of both 

post. displacement 
lat. condyle 

post. displacement 
med. condyle 

post. displacement 
mean of both 

total displacement 
lat. condyle 

total displacement 
med. condyle 

total displacement 
mean of both 

5.26 1.85 
5.30 1.89 5.3 

2.89 1.75 2.9 2.92 1.66 

R 4.07 1.66 
L 4.11 1.64 4'1 

.9 9.1 

.8 6.4 

.7 7.4 

1.9 . 8.0 4.21 1.89 
4.1 1 1.68 4'2 

1.3 4.3 1.82 1.26 
1.72 1.24 1'8 

R 3.02 1.20 3.0 
L 2.91 1.13 1.2 5.4 

2.7 15.0 9.48 2.74 
9.41 2.58 9'5 

2.5 9.5 4.71 2.47 
4.64 2.42 4'7 

2.3 11.7 R 7.09 2.29 
L 7.02 2.27 7.1 
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t h a t  t h e  upper l i m i t  at t h e  97$% l e v e l ,  v i z .  t h e  cr i t ical  l e v e l ,  i n  t h e  
form of x + 2 SD, is  11.7 for both.  

As t o  p a r m e t e r  d,  t h e  same l e v e l  is 15.7 mm f o r  t h e  r i g h t  and 16.0 mn 

f o r  t h e  l e f t  knee. 
r i g h t  and 9.1 mn f o r  t h e  l e f t  knee. 

Parcmeter c!-g shows a cr i t ical  l e v e l  of 9 . 0  mn f o r  t h e  

For ( (e -g)  + ( f - h ) ) k  t h e  97%% cr i t ica l  l e v e l  i s  7.39 mn f o r  both knees. 
I n  o t h e r  words, t h e r e  is no sys t ema t i c  d i f f e r e n c e  between t h e  r i g h t  and 

l e f t  knee.  
These "cri t ical  l e v e l s "  are a b i t  h ighe r  when t h e  p r e s s u r e  and t r a c t i o n  

f o r c e  i s  30 kp than  20 kp  (compare Table 19  wi th  Table 2 i n  ( 3 ) ) .  
proved a l i t t l e  lower for  a n t e r i o r  d i sp lacement  ( t e n t h s  of a mn) and a l i t t l e  
h igher  f o r  p o s t e r i o r  and total  d isp lacement .  

The SD 

The use of s i d e  differenc:e,  meaning /PR - PL/, i ,e .  t h e  numerical  
d i f f e r e n c e  between t h e  two knees f o r  t h e  p a r m e t e r  concerned, P, i s  p r e f e r -  
able as s t a t e d  i n  t h e  s e c t i o n  on c o n t r o l  group Ca, s i n c e  t h i s  makes t h e  nor- 
mal range  much narrower and easier t o  handle  i n  r e l a t i o n  t o  t h e  pa tho log ica l  
f i nd ings .  
upper 97% cr i t ica l  l e v e l s  f o r  t h i s  normal material are g iven  i n  Table 20. 

The c h a r a c t e r i s t i c s  of t h e  parameter v a r i a t i o n  (x  and SD) and 

Table 20 

Mean, SD and upper 97 1/2% critical levels for parameters c and d and the parameters for 
anteroposterior displacement, /R - L/. Traction and pressure force 30 kg. Neutral pos. N = 50. 

Disdacement Darameter X SD x +  2SD 
- - 

~ ~~ ~~ ~ ~ 

Valgus gap C 0.49- 0.5 0.42- 0.4 1.33- 1.3 
Varus gap d 0.53- 0.5 0.37- 0.4 1.27- 1.3 

Anterior displacement 

I 

lateral condyle e-9 1.12- 1.1 0.85- 0.9 2.82- 2.8 
medial condyle f-h -0.82- 0.8 0.73- 0.7 2.28- 2.3 

0.58- 0.6 2.01 - 2.0 ( e - d  + (f-h) . 0.85 - o.9 2- mean 

Posterior displacement 
lateral condyle i - e  1.10- 1.1 0.75- 0.8 2.60- 2.6 
medial condyle j - f  0.81 - 0.8 0.63- 0.6 2.07- 2.1 

mean 0.48- 0.5 1.68- 1.7 ( i -e )  + ( j  -2 
2 0,72- o.7 

Total anteropost. 
displacement 
lateral condyle i - g  1.48- 1.5 1.01 - 1.0 3.50- 3.5 
medial condyle j - h  1.24- 1.2 0.94 -.0.9 3:12- 3.1 
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The standard deviations do not differ from those shown for traction and 
pressure forces of 20 kg shown in Table 2 of paper (3). 
limits exceed those found in (3) and (4) or in (5) and (7), in the latter two 
called critical levels. However, the total anteroposterior displacement of 
the lateral tibial condyle - and only this parameter - proved to exceed a 
critical level of 3 mn (after rounding), being 3.5 mm. 

already mentioned, that the lateral tibial condyle becomes more displaced, 
both anteriorly and posteriorly. 
mean values, x, in Table 19. 
the critical level of 3 mm is not exceeded (Table 20). 

Nor do the upper 

It will be seen, as 

This is apparent in particular from the 
A t  anterior or posterior displacement alone 

Summary: 
and of 3.0 
dyles, 
the same person including the measuring error) which have been used already, 
proved to-remain unchanged from a 20 kg traction and pressure to a 30 kg 
traction and pressure. 
pendent of sex, body height, leg length, and body weight which do affect 
the upper 97P% critical levels for the parameter excursions of each leg se- 
parately. 
upper critical level. 
difference in knee dimension. 

The critical levels of 2.0 mm for medial and lateral instability 
mn for anterior or posterior drawer sign for both pairs of con- 

or the mean thereof (viz. the difference between two sound knees in 

This manner of calculation renders the values inde- 

This is caused by a greater knee dimension, resulting i,n a higher 
The difference between the two sexes is due to a 

Rotation and Rotatory Instability 

That rotatory movement is not only possible, but that it does occur during 
stress radiography, even with the 
cussed already above in connection with Fig. 12. 
showed that rotation in the intact joint takes place with greater movement 
in the lateral than in the medial joint chamber. 

------------------I-------------- 

foot in the neutral position, was dis- 
This figure clearly 

Rotatory instability, therefore, must be defined as rotation exceed- 
ing the normal rotation in a given position of the knee and foot during 
a given action. 

Consequently, normal limits have to be fixed also for the rotatory 
movement with a 90' flexed knee joint during traction and pressure - and 
a wish for 
rotation was inspired porticulorly by Slocum and Larson's study from 
1968. 

an examination with the foot fixed in different degrees of 
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Slocum and Larson described t h e i r  c l i n i c a l  t es t  pos i t ion  with 90' 
f lexed knee and "with the foo t  and l e g  i n  15 degrees external  

However, the foo t  and t i b i a  do not ro ta te  equally, Therefore, a para l le l ,  

less  extensive study was made o f  some o f  the subjects i n  order t o  elucidate 

the re la t ionsh ip  between the ro ta t i on  o f  the foo t  and the simultaneous ro ta -  

t i o n  o f  the proximal end o f  the t i b i a ,  

f i xed  and the knee i n  90Q f lex ion.  

not radiographical ly. 

ro tat ion" .  

presupposing tha t  the thigh i s  

This was done by an external  exanination, 

Thereafter, gonylaxometric measurements were made on the 50 normal 

subjects $51 - $100, both w i th  the foo t  i n  neut ra l  pos i t ion  and with the 

foo t  15' ex te rna l l y  ro tated (and fastened i n  tha t  pos i t ion)  i n  a l l  50 sub- 

jec ts .  

another ten i n  30' i n t e r n a l  ro ta t i on  o f  the foot .  

Thirteen o f  them also had measurements i n  30' external  ro ta t i on  and 

Study o f  the Relat ionship o f  Foot Rotation t o  Rotation o f  the T ib ia1  Condyles 

(Proximal End o f  the T ib ia )  a t  External Examination 

The invest igat ions were performed on a small ser ies o f  subjects (C 29 and 

$51, 52, 53, 54, 55, 56, 57, 62, 77, 78, 87 - 4 males and 8 females). 

connection wi th the stress radiographic measurements o f  the subjects con- 

cerned. The set-up i s  shown i n  a series o f  photos: 

a 

The procedure is simple, and the invest igat ions were performed i n  

Fig. 7 shows the subject i n  the gonylaxometer chair, w i t h  the p is ton  

shaft intended f o r  t rac t i on  

mal pa r t  o f  the lower leg, a t  

Foot pos i t ion  neutra l .  I n  Fig. 17 the p is ton shaft has been exchanged wi th  

a p las te r  bandage furnished wi th  a po inter .  

tuberos i ty  and h a l f  the circumference o f  the lower l e g  a t  tha t  leve l .  

kept tau t  against the t i b i a l  tuberos i ty  by a strong rubber band, 

l y ,  the th igh  i s  f i xed  with an i n f l a t e d  rubber cu f f .  

t i b i a l  tuberos i ty  ends above th's shoe i n  a small black ind icator .  

res t  ends i n  a pointed t i p ,  Both pointers  are placed a t  0, i . e .  neut ra l  

s t a r t i n g  pos i t ion  (Fig. 18). 

Figs. 19  - 21) and inwards (Fig. 22), and readings are made on the common 

grading scale on the f l oo r ,  The t i b i a l  po inter  i s  read with the shoe i n  15O, 

30°, and 45' external  and in te rna l  ro ta t ion .  

po inter  f i xed  on the t i b i a  gives excursions which are only about one-third 

o f  those o f  the foo t .  means and ranges o f  the measurements on a l l  12 
subjects are l i s t e d  i n  Table 21. 
were not systematical ly investigated. 

and pressure actions fastened around the prox i -  

the s i t e  o f  the proximal end o f  the t i b i a .  

This bandoe envelops the t i b i a l  

I t  i s  

As previous 

The pointer  from the 

The foo t  

Then, the foo t  i s  gradually ro tated outwards 

I t  i s  apparent tha t  the 

The 

The maximum ro ta t i on  o f  the foo t  and knee 
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Figure 17:External ro ta t i on  measurement; u n i t :  degrees. 
F i g .  7. 
around the t i b i a l  tuberos i ty  and an ter io r  semi-circumference o f  the t ibia1,heod. 
The p laster  brace is fastened by a rubber band around the hollow o f  the knee. 
The metal po inter  from the plast.er brace down t o  the l e v e l  o f  the toe of the 
shoe i s  v i s ib le .  

The same set-up as i n  
The p is ton  shaft has been exchanged with a p las te r  brace 

Figure 18: The pos i t ion  o f  the t i b i a l  metal po inter  above the grading scale 
o f  the f l o o r  and jus t  above the shoe, Both the pointer  and the t i p  
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Figure 19: Left foot i n  15' externd rotation. 
the t ib ia l  tuberosity i s  only 4O externally rotated. 

The pointer mounted against 

Figure 20: Left foot i n  30' external rotation, t h e  t ib ia l  tuberosity i n  12' 
external rotation. 
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Figure 21: Left foot i n  45' externa l  ro ta t ion ,  the  t i b i a l  tuberos i ty ,  and 
thereby also the  t i b i a l  condyles,  i n  on ly  170 ex terna l  ro ta t ion .  

Figure 22: Left foot i n  45' i n t e r n a l  ro ta t ion ,  the  
in terna l  r o t a t i o n .  

t i b i a l ,  tuberos i ty  i n  12' 
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This method o f  measurement o f  course involves the sources o f  e r ro r  

which have been discussed already (3), p r imar i l y  sof t - t issue s h i f t s  i n  the 

sk in  and subcutis which nay make the tuberos i ty  move underneath the skin, and 

thus underneath the p las te r  cuf f ,  so tha t  the pointer  shows less  ro ta t i on  

o f  the t i b i a l  tuberos i ty  than the t rue  one. However, t h i s  series was i n -  

cluded t o  show tha t  about h a l f  o r  more than h a l f  o f  the ro ta t i on  i n  "the 

foo t  and leg"  occurs i n  the ankle j o i n t  i n  t h i s  s e t u p .  

purpor t ing t o  be exact, the measurements do ind ica te  tha t  the c l i n i c a l  in- 

vest igat ion cdvocated by Slocum and Larson can hard ly  be p a r t i c u l a r l y  wel l -  

defined i n  i t s  s t a r t i n g  pos i t i on  and hardly causes much ro ta t i on  o f  the t ib ia ,  

This 

exposures o f  the knee j o i n t  d i f f i c u l t .  

15" r o t a t i o n  o f  the foot .  

s i t i o n  f o r  exposures with ro tated foot, and a l l  the subjects(Cb51 - 100) 

were thus examined, while smaller groups, as already mentioned, were exam- 

ined also w i t h  the foo t  i n  30° external  o r  i n t e r n a l  ro ta t ion .  Exomination 

with the foo t  i n  15' r o t a t i o n  cciuses the subject p r a c t i c a l l y  no discomfort, 

whi le greater ro ta t i on  may do so. 

Thus, without 

renders the choice o f  foot. r o t a t i o n  i n  stress radiographic standard 

Slocum and Larson seem t o  have used 

Therefore, t h i s  was selected as the standard PO- 

Rotation i n  the Knee on Rotation o f  the Foot Without Simultaneous 

Stress Action - Assessed Radio log ica l ly  

To f i n d  an expression o f  ro ta t i on  i n  the knee during ro ta t i on  o f  the foo t  

from the neut ra l  pos i t ion  ( i .e .  ro ta to ry  pos i t ion  Oo),a varying number o f  

degrees outward or  inward, l e t  IJS consider what 

parameters e and f on the l a t e r a l  view. Having no i n te res t  a t  the moment 

i n  ro ta t i on  during t r a c t i o n  or Ipressure, we can disregard the other para- 

meters on the l a t e r a l  view. Fig. 13 shows the same knee j o i n t  i n  "neutra l  

pos i t ion  90°1', i n  a pos i t ion  i n  which the foo t  i s  15' ex te rna l l y  rotated, 

and i n  a pos i t ion  i n  which the foo t  i s  30' i n t e r n a l l y  rotated, The ro ta -  

t i o n  can be d i r e c t l y  seen from the loca t ion  o f  the head o f  the f i b u l a  i n  

r e l a t i o n  t o  the t i b i a l  condyles, the former moving backward on external  

and forward on i n t e r n a l  r o t a t i o n  i n  r e l a t i o n  t o  the t i b i a l  condyles. 

can a lso be measured and seen from the p lo t ted  parameters. 

happens t o  the o r i g i n a l  

This 

I n  external  ro tat ion,  i n  which the head o f  the f i b u l a  - and simultan- 

eously the poster ior  margin of the l a t e r a l  t i b i a l  condyle, v iz .  the landmark 

f o r  the most poster ior  end of distance e - 
t o  the femoral condyles, distance e w i l l  be increased. 

e 

moves backward i n  r e l a t i o n  

I n  other words, 

Thus, ca lcu la t ion  o f  
neut ra l  < e3~0externa l '  e neut ra l  < l ~ ~ e x t e r n a l  Or 
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- e  or e - e  gives a negative ex- neut ra l  30Oexterna~ neutra l  15°external e 

pression (Table 22). The medial t i b i a l  condyle, on the other hand, moves 

forward i n  r e l a t i o n  t o  the i r m v a b l e  femoral condyles i n  such an external 

rotat ion, and consequently distance f i s  decreased. neut ra l  150external 

ro ta t ion  i s  desired, the sum o f  the two opposite movements should be inclilded, 

so tha t  both contr ibute t o  increasing the numerical value o f  the expression. 

Therefore, a numerical calcul.ation could be performed, as i n  the l a s t  column 

o f  Table 22. 

the same numerical value, but  maintains the sign ( l a s t  but  one column i n  

the tab le) .  When def in ing  kl = e neut ra l  - e15°ext. and '1 = fneut ra l  - 
f150ext, and i n  the some way k2 and l2 a t  a 30' external  ro ta t i on  of the 

foo t  and k3 and l3 a t  a 30' i n t e r n a l  r o t a t i o n  o f  the foot, k - 1 MY be 

used i n  general as an expressmion o f  ro ta t i on  (without t rac t i on  or pressure). 

- 
- w i l l  become pos i t i ve .  I f  an expression for fneutra l  f 3~0ex te rna l  

However, i t  i s  possible a lso t o  set up a formula which acquires 

From Table 22 i t  w i l l  be seen how, i n  tha t  case, the expression i s  

always negative on external  ro ta t i on  

value) and p o s i t i v e  on i n t e r n a l  ro ta t ion .  

d is t inguish ing between in te rna l  and external  ro ta t ion .  

value w i l l  become the larger, the greater the ro ta t ion .  

(but acquires numerically a maximum 

Thus, the sign may be used for 

Numerically the 

I n  Table 22 the mean, x ,  o f  measurements on a major number o f  persons 

i s  used f o r  ca lcu la t ing  k - 1, but when considering f o r  instance the range 

values i t  w i l l  be seen that  the signs are always as j u s t  stated. 

I n  Table 23 the upper c r i t i c a l  l e v e l  o f  t h i s  ro ta to ry  movement i s  

calculated f rom x o f  (k  - 1) and 2 SD o f  (k - 1). I t  w i l l  be seen that  

t h i s  mkes the values very h igh when compared e.g. w i th  

or poster ior  movement o f  the t i b i a l  condylar massive - but these l a t t e r  

quant i t ies  represent the mean, while the ro ta to ry  movement i s  represented 

by a sum. 

fo r  30' external ro ta t i on  (N = 13) and 30' i n t e r n a l  ro ta t i on  (N = 10) are 

within the l i m i t s  stated i n  Table 23. 

the t o t a l  anter ior  

Let i t  be mentioned tha t  the 99% f r a c t i l e s  i n  the small materials 

Trigonometric Calcu lat ion o f  Approximate Rotation i n  the Knee Jo int  a t  

Rotation i n  the Foot Without Traction or  Pressure 

To r e l a t e  the ro ta t i on  found rod io log ica l l y ,  expressed as eneutrol - 
(mm), t o  the external  measurements of erotated Ond fneut ra l  - f ro toted 

degrees, a trigonometric, approximated conversion o f  these'distances t o  

degrees o f  r o t a t i o n  can be performed. 

because the centre o f  r o t a t i o n  i s  not known, and the accurate distance be- 

An exact conversion i s  not possible, 
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tween the two poster ior  landmurks on the t i b i a  i s  

i t  i s  an advantage t o  use an upproximated value o f  the distance between the 

named landmarks rather  than art approximated value o f  a radius, as the former 

i s  independent o f  the s i t ua t i on  o f  the 

the loca t ion  o f  the r o t a t i o n  c:entre changes, as e.g. i n  ligament tears. 

I n  such i n j u r i e s  the loca t ion  o f  the 

s i t e .  

a lso  unknown. However, 

centre - and thus does not  a l t e r  i f  

centre a l t e r s  t o  an e n t i r e l y  unknown 

On Fig. 23 the t i b i a  i s  seen from above, schematically, viewed as a 

rectangular f i gu re  (e.g. the l e f t  t i b i a  from above). 

o f  the f i gu re  are used f o r  "londmarks" when i t  i s  rotated. I f  the hatched 

pos i t ion  i s  considered the s t a r t i n g  posit ion, or neut ra l  posit ion, and the 

non-hatched one a f te r  external  ro ta t ion ,  the angle v i s  equal 

t o  the ro ta t i on  angle. This  i s  a consequence o f  the elementary geometri- 

c a l  sentences: 1. an angle a t  the centre i s  measured by the arc over which 

i t  extends and 2. an inner angle i s  measured by h a l f  the sum o f  i t s  own 

and i t s  v e r t i c a l  angle's arc (both arcs are equally lavge i n  our example). 

The ro ta t i on  i s  equal t o  the 'angle o f  the centre. 

s i n  v, i s  equal t o  the opposite cathetus d iv ided by the hypotenuse i n  a 

r ight-angled t r iangle,  v i z .  

s i n  v = 2 = k+ x and y are not known, but  x + y ( the  short side o f  the 

rectangle) are known (with approximation, vide i n f r a ) .  

measure i s  ca l led  RT (reduced transverse measure) 

The poster ior  corners 

the pos i t ion  

The sinus t o  angle V, 

x Y' 
This approximate 

o b  b of - = - g i v e s  y = - x 
X Y  a and o f  

a b crtb R T  = x + y = ($x+ (-)X = (;-)x a 

- a - a ( c + b )  0-h 
RTO =aT s i n  v - - - - x  

RT.a x = o + b  

When imagining p a r a l l e l  X-rays d i rected from the top o f  the f i gu re  

towards i t s  bottom a t  r i g h t  angles t o  

l a r  object (hatched), a measurement on the X-ray f i l m  a t  right angles t o  

the beam w i l l  g ive the result, shown a t  the bottom o f  

case l i n e  segments e and f are equally long, m d i n g  up the long sides of 

the rectangle. Measurements are made before and a f t e r  the r o t a t i o n  from 

the s t a t i c  l i n e  sl, which corresponds t o  the normal 

bas is  o f  the s t a t i c  femoral condyles - which are used as the "imnovdble" 

reference points  on the X-ray f i lms  i n  stress radiography. 

the neut ra l  pos i t ion  o f  the rectangu- 

the f igure.  I n  t h i s  

measurement oh the 
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film 

Figure 23: 
The t i b i a 1  condyles 

Anterior aspect on the r i gh t ,  a t  the arrow. l a t e r a l  aspect upwards, toward 
the beam. Medial s ide toward the f i l m .  
= x + y. I n  the neu t ra l  pos i t ion  the rectangle i s  hatched. The comnon, s ta t  
reference l ine ,  51, whence the measurement i s  made on the X-ray f i l m ,  and 
which corresponds t o  the an ter io r  margins o f  the femoral condyles, i s  placed 
fo r  c l a r i t y  - a t  the an ter io r  side o f  the rectanale. The lona sides o f  the 

Schematic drawing o f  the l e f t  t i b i a  viewed from above during r o t -  
a t ion,  are taken t o  be a rectangular body. 

The poster ior  side o f  the rectangle 
L 

- - 
rec twg le ,  then, w i l l  be en l a t e r a l l y  and fn medially, corresponding t o  the 
parameters o f  the same designation i n  stress radiography.' It i s  apparent that  
i n  r o t a t i o n  en increases by a, 
fn - fr, then, are the changes measured on the X-ray f i l m  and tgus known 
quant i t ies .  

while f, decreases by b. a = /e - er/, b = 
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I n  external  ro ta t i on  12 w i l l  be la rger  than before, er = en + a , a = 

= /en - e /, and f w i l l  be smaller, fn = fr + b or  b = fn - fr. 

However, t h i s  i s  a h igh ly  s imp l i f i ed  model - and any departure from 

e 

numerical values are used. 

- e Only 
r n  r 

i t  en ta i l s  e r ro rs  i n  the ca lcu lat ion.  For instance, the pos i t ion  i n  a frontal 

plane o f  the poster ior  side o f  the rectangle a t  the beginning o f  the exposure! 

i s  a presupposition f o r  the appearance o f  r ight-angled t r iang les  - and if 

the formula i s  used nevertheless a dev iat ion w i l l  a r ise.  So i t  w i l l ,  i f  the 
two points  which mdce up the poster ior  landmarks, ca l led  on Fig. 24 LL ( l a t -  

e r a l  landmark) and ML (medial landmark), ro ta te  on separate c i r c l e  arcs. 

And i t  i s  probable tha t  a c i r c l e  having the ro ta t i on  centre o f  

as centre can include only  one o f  the two points .  

r o t a t e  on two concentric c i r c les .  The e r ro r  o f  the ca lcu la t ion  increases 

when the r o t a t i o n  angle, v, increases. 

can f o r  several reasons only  be calculated with wide approximation, p a r t l y  

because LL and ML are not f i xed  points, but  contours which no doubt change 

somewhat i n  the course o f  the r o t a t i o n  dur ing the X-ray exposure. I n  other 

words, the measurement i s  mode only with approximation from po in t  t o  point. 

Secondly, the distance has t o  be measured on the anteroposterior exposure, 

and t h i s  mdces i t  a cathetus ( x + y) instead o f  a hypotenuse (ML - LL) i n  

a r ight-angled t r i ang le  ( i l l u s t r a t e d  i n  Fig. 24), and thus somewhat shorter 

than ideal ly ,  ML-LL. 

each ind iv idua l  subject, but  has t o  be calculated on the basis o f  the largest 

transverse measure o f  the proximal end o f  the t i b ia ,  T, on the anteropos- 

t e r i o r  exposure. 

needles, and the r a t i o  between the distance ML - LL on the a-p view and the 
la rges t  transverse measure o f  the head o f  the t i b i a  

t o  be 48.0/92.2. 

the t i b i a  

Thus, the po in ts  usually 

The r o t a t i n g  chord (x  + y), moreover, 

Thirdly, the distance cannot be measured d i r e c t l y  i n  

On a preparation the points  ML and LL were marked by 

on the f i l m  proved 

This r a t i o  w i l l  be used f o r  ca lcu la t ing  the fo l lowing 

"reduced" transverse measures, R T :  x + y = R T  = T 

Thus, the ca lcu la t ion  car r ies  such inaccuracy tha t  i t  can only be used 

as an estimate. 

ternal "  measurement o f  degrees was avai lab le f o r  comparison. 

i l l u s t r a t e s  the inaccuracy o f  the ca lcu lat ion.  

there i s  agreement between the two measurements (mean d i f fe rence 2'). 

I t  was performed only f o r  a few subjects i n  whom an "ex- 

Table 24 
I n  broad outl ine, however, 

Since, as already mentioned, the ca lcu la t ion  o f  degrees, by means of 

the sinus o f  

which i s  inherent i n  the primary measurement, i t  w i l l  be l e f t  out o f  

account i n  the fo l lowing,  

angle v car r ies  a number o f  inaccuracies'apart from tha t  
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Lat. 

Med. 

e 

Ant. 

I I  
tt 

Rtg.-film Lu 
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Figure 24: Contours o f  the 90' flexed knee joint  viewed from above, 

hatched. 

Fibula 

The contour of the femur may be followed forward from 

the shaft. LL:  l a te ra l  landmark on the t ib ia  to which e i s  measured from the 

anterior margin of the luteral  femoral condyle, as shown. ML: medial landmark 

on t h e  t i b i a  (posterior edge of medial t i b i a l  condyle), 

f on the X-ray film i s  also shown. 

an anterior one i s  used, (x + y )  may be measured (on a. preparation) and used 

as the approximated value for t h e  l ine  segment ML - L L .  
angular area on a level w i t h  these points i s  hatched on the t i b i a l  condyle, 

where i t  takes part i n  the rotation and can be compared w i t h  the idealized 
Figure 23. 

The measurement of 

I f ,  instead of a la te ra l  radiation source, 

A corresponding rect- 
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Sumnary: 
i n  degrees, by means of a p o i n t e r  f i x e d  a g a i n s t  t h e  t i b i a l  t u b e r o s i t y ,  and 
by an  approximated t r i g o n o m e t r i c  c a l c u l a t i o n ,  t h a t  t h e  foot rotates con- 
s i d e r a b l y  more than  does  t h e  knee, when 
by means of a shoe which can be kept  f i x e d  i n  a desired p o s i f i o n  of r o t a t i o n .  
The t h i g h  is  still  fa s t ened .  Both t h e  methods, 
o u t l i n e ,  m u s t  be cons ide red  to c a r r y  such marked sources of error t h a t  t h e  

I t  has  been demonstrated d o v e ,  bo th  by " e x t e r n a l  measurement" 

it i s  a t tempted  t o  induce  r o t a t i o n  

a l though ag ree ing  i n  brood 

au thor  p r e f e r s  u s i n g  t h e  l i n e a r l y  measured parameters  i n  mn, also t o  ex- 

r o t a t e d  Ond 
p r e s s  r o t a t i o n .  

I. = f n e u t r a l  less frototed 

The formula k - 1, where k = eneutral less e 

i s  we l l - su i t ed  f o r  t h i s  purpose.  

Normal Parameter Values at  15' and 30" Ex te rna l ly ,  Rotated and 3O0Interna l ly  
Rotated Foot 
Table 25 g i v e s  t h e  mean va lues ,  x, t h e  s t anda rd  d e v i a t i o n ,  SO, and t h e  upper 
?7%% l e v e l s  f o r  t h e  parameters of  a n t e r o p o s t e r i o r  d i sp lacement ,  t h e  foot 
f i x e d  i n  15" e x t e r n a l  r o t a t i o n .  
foot was f a s t e n e d  i n  t h e  n e u t r a l  p o s i t i o n ,  shows t h a t  now t h e  lateral t i b i a l  
condyle 
on p r e s s u r e  - corresponding  t o  t h a t  part of t h e  r o t a t i o n  which h a s  taken  
p l a c e  a l r e a d y  wh i l e  t h e  foot was be ing  rotated wi thout  t r a c t i o n  or p r e s s u r e  
on t h e  t i b i a .  In  o t h e r  words: During t h e  i n i t i a l  r o t a t i o n  from t h e  
n e u t r a l  p o s i t i o n  t o  15" externa l .  r o t a t i o n  of t h e  foot, t h e  lateral t i b i a l  
condyle h a s  a l r e a d y  moved somewhat backward. 
from th is 'new i n i t i a l  p o s i t i o n  it can  be p u l l e d  f a r t h e r  forward - and w i l l  
be less backward d i s p l a c e d  t h a n  under " n e u t r a l "  c o n d i t i o n s .  The mob i l i t y  
of t h e  medial t i b i a l  condyle  h a s  changed ve ry  l i t t l e  ( t h e  r o t a t i o n  c e n t r e  
be ing  a p p a r e n t l y  closer to  t h e  medial s t r u c t u r e s ) .  

wi th  t h e  f o o t  f a s t e n e d  i n  30' o f  e x t e r n a l  r o t a t i o n  and i n  30' of i n t e r n a l  
r o t a t i o n .  I n  accordance  wi th  t h e  p rev ious  s e c t i o n ,  a n t e r i o r  d i sp lacement  
on t r a c t i o n  o f  t h e  lateral  condyle is s i g n i f i c a n t l y  greater when t h e  foot 
i s  i n  e x t e r n a l  than  when i t  i s  in i n t e r n a l  r o t a t i o n  (p = 0.004 f o r  t h e  
r igh t - s ided  v a l u e s  i n  MannWhitney's rank sum test and p = 0.003 f o r  t h e  
l e f t - s i d e d  v a l u e s ) .  

- 

Comparison wi th  Table 19, i n  which t h e  

is more forward d i s p l a c e d  on t r a c t i o n ,  bu t  less backward d i s p l a c e d  

Therefore ,  upon a n  a c t i o n  

Tables 26 and 27 p r e s e n t  t h e  c h a r a c t e r i s t i c s  of t h e  sane  parameters  

The exp lana t ion  i s  t h e  same as i n  t h e  p rev ious  s e c t i o n ,  
On p r e s s u r e  t h e r e  is ,  d u r i n g  i n t e r n a l  r o t a t i o n ,  greater mob i l i t y  of 

t h e  lateral  t i b i a l  condyle than  du r ing  e x t e r n a l  r o t a t i o n  ( p  = 0.002 on t h e  
l e f t  and p = 0.08 on t h e  r i g h t ) .  b r e o v e r ,  t h e r e  Fs s i g n i f i c a n t l y  less 
backward d isp lacement  of t h e  d i a l  t i b i a l  condyle a t  i n t e r n a l  r o t a t i o n  
of t h e  foot 
f o r  t h e  r i g h t  as w e l l  as l e f t  s i d e ) .  

as  t h e  i n i t i a l  p o s i t i o n  than  at  e x t e r n a l  r o t a t i o n  ( p  = 0.01 
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Total mob i l i t y  i s  less i n  the medial j o i n t  chamber ( j -h)  than i n  the 

l a t e r a l  one (i-g), regardless o f  the pos i t ion  i n  which the foo t  i s  fastened. 

I n  Table 28 i t  i s  investigated whether the ro ta t i on  o f  the foot has 

any inf luence upon the c : r i t i ca l  leve ls  i n  the form o f  97k% upper c r i t i c a l  

levels. 

with small materials (13 and 10 examinations), the 

the highest values measured i n  these series. 

tween the two knees o f  healthy persons i s  used. A t  a 15' ro ta t i on  o f  the 

foo t  the upper l i m i t s  are unchanged f rom the exminat ion with the foot i n  

a neutral  posit ion, but a t  a more extreme pos i t ion  o f  ro ta t i on  i n  the foot 

the p o s s i b i l i t i e s  o f  dif ferences i n  mob i l i t y  appear t o  increase - i n  p a r t i -  

cular f o r  the l a t e r a l  t i b i a 1  condyle. Nevertheless, i n  ro ta to ry  exmina- 

t ions  too i t  appears t o  be an advantage t o  use the narrower l i m i t s  t o  the 

di f ference between the parameters o f  a subject 's two knees rather than the 

l i m i t s  t o  the parmeters themselves which are qu i te  wide (Tables 25, 26, 
and 27). 

Realizing that such leve ls  are probably somewhat dubious i n  dealing 

author has l i s t e d  also 

The numerical d i f ference be- 

- e  Just as (k-l) = eneutral - ( fneutrol  - frototed ) was used rotated 
t o  express ro ta t i on  without anteroposterior stress act ion upon the jo in t ,  

the expression (e-g) - (f-h) may be used f o r  ro ta t i on  during t rac t ion  and 

the expression ( i -e)  - (j-f) f o r  possible ro ta t i on  during pressure. 

kg i n  which an ter io r  displacement o f  the t i b i a  i s  attempted. 

t h i s  w i l l  induce s l i g h t  anter ior  displacement o f  both condyles and i n t e t n a l  

ro ta t ion ,  This i s  i l l u s t r a t e d  graphical ly i n  Fig. 25, the s i tua t ion  on the 

r i g h t .  

rotat ion.  

while the medial condyle i s  forced backward. From the f i gu re  i t  may be 

seen that (f-h) on the l e f t  becomes negative, (e-g) posit ive, and (e-g) - 
(f-h) pos i t i ve  i n  the form o f  the t o t a l  o f  the two small, th ick  l i n e  seg- 

ments. 

posit ive, i s  shown as the di f ference between two l i n e  segments. The 

resu l t i ng  l i n e  segment (measured on the 

the res t .  Both these si tuat ions occur i n  the normal mater ia l  on t ract ion.  

The one on the l e f t  may cilso represent i n t e r n a l  ro ta t i on  which occurs 

merely on ro ta t i on  o f  the foot.  

e 

posi t ion.  

expression ((e-g) - ( f -h))  may even become negative, with a numerically low 

Table 29 sets out the f indings during t rac t i on  w i th  a force o f  30 
Normally, 

But what i s  shown on the l e f t  may happen too: merely on i n te rna l  

This occurs when the l a t e r a l  condyle becomes forward displaced 

On the r i g h t  another situation, i n  which (e-g) - (f-h) becomes 

X-ray f i l m )  i s  shown thicker than 

I n  that  case e i s  merely exchanged by 

f by fn, g by er, ancl h by fr, where n s ign i f i es  neutral  and r rotated 

The expression, then, i s  ((en - er) - (fn - f,)) = (k-1). 
n' 

The 
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Figure 25: Graphic i l l u s t r a t i o n  of the ro ta t i on  i n  the r i g h t  t i b i a 1  

condyle, viewed f rom above. I n  the s i t ua t i on  on the r i g h t  

the t i b i a  moves a l i t t l e  forward on t rac t i on  as compared with the s t a t i c  

reference l i n e  s l  ( c f .  Fig. 23). For the sake o f  c l a r i t y  the landmarks 

whence the parameters are measured on t h i s  diagram have been moved t o  the 

periphery o f  the c i r c l e s  (corresponding t o  the points  o f  in te rsec f ion  

with the diameter). 

e and g. I n  both cases ro ta t i on  occurs. The l i n e  segment which re-  

presents ro ta t i on  i s  thick i n  both s i tuat ions.  The X-ray (RTG) f i l m  on 

which a l l  measurements are made i s  indicated. C f .  a lso the text. 

The medial parameters are f and h, the l a t e r a l  ones 

value i n  a few cases, as i s  apparent from the f i r s t  column o f  f igures i n  

Table 2 9 .  

t i o n  upon t rac t ion .  

I n  tha t  event, the explanation i s  a very s l i g h t  external  ro ta-  

As regards the mean values, x, i t  w i l l  be seen, f i r s t l y ,  i n  each 

column tha t  t rac t i on  causes increasing i n te rna l  ro ta t i on  the more the 

foo t  has been external ly  ro ta ted  i n  the i n i t i a l  posit ion, whi le  ro ta t i on  
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has  almost ceased when a 30' i n t e r n a l l y  r o t a t e d  f o o t  is  used as t h e  i n i t i a l  
p o s i t i o n .  
expres s ion  (k-1) i s  p o s i t i v e  d u r i n g  i n t e r n a l  r o t a t i o n .  I t  i s  n e g a t i v e  
du r ing  e x t e r n a l  r o t a t i o n .  The latter is seen i n  
number of cases as i n t e r n a l  r o t a t i o n  at an  i n i t i a l  p o s i t i o n  wi th  30' ex te rn -  
a l l y  r o t a t e d  f o o t ,  

I t  is appa ren t  also t h a t  t h e  expres s ion  ( ( e -g )  - ( f -h ) ) ,  l i k e  t h e  

approximate ly  t h e  same 

The bottom of each  column i n  Table 29 g i v e s  t h e  numerical  d i f f e r e n c e  
between t h e  two knees  o f  normal persons ;  f o r  t h i s  expres s ion  t h e  upper 97k% 
cr i t ica l  l e v e l  does  n o t  exceed 3.0 mm. 

F i g ,  26 demonst to tes  t h a t  t h e  expres s ion  ( ( i - e )  - ( j - f ) ) ,  which occurs  
on p r e s s u r e  upon t h e  a n t e r i o r  p a r t  of t h e  proximo1 end of t h e  t i b i a ,  be- 
comes p o s i t i v e  on e x t e r n a l  r o t a t i o n  and n e g a t i v e  on i n t e r n a l  r o t a t i o n .  
i s  u n l i k e  t h e  p rev ious  expres s ions .  
c a l c u l a t i o n  of t h i s  expres s ion  d u r i n g  a 30 kp p r e s s u r e  upon t h e  t i b i a  when 
t h e  f o o t  i s  i n  n e u t r a l  p o s i t i o n ,  15' e x t e r n a l l y  rotated, 30' e x t e r n a l l y  rot-  
ated, and 30° i n t e r n a l l y  r o t a t e d .  
ev iden t  t h a t  i n  p r a c t i c a l l y  a l l  cases t h e  r o t a t i o n  i s  e x t e r n a l .  
most obvious when t h e  i n i t i a l  p o s i t i o n  of t h e  experiment i s  wi th  t h e  f o o t  
i n  30' i n t e r n a l  r o t a t i o n .  
t i b i a  i s  forward-inward r o t a t e d  a l r e a d y  i n  t h e  i n i t i a l  p o s i t i o n ,  e x t e r n a l  
r o t a t i o n  would also be expec ted  on p r e s s u r e .  
t h e  columns of Table 30, e x t e r n a l  r o t a t i o n  is s t i l l  a p p r e c i a b l e  at  n e u t r a l  
p o s i t i o n  o f  t h e  f o o t ,  but becomes lesser when t h e  f o o t  i s  f i x e d ,  b e f o r e  
t h e  experiment,  i n  15' or 30' e x t e r n a l  r o t a t i o n .  
va lues ,  however, i t  w i l l  Ibe seen t h a t  i n  a l l  i n i t i a l  p o s i t i o n s  
occurred  cases o f  i n t e r n a l  r o t a t i o n  ( n e g a t i v e  va lues  f o r  t h e  expres s ion ) .  
I n  cases wi th  30' e x t e r n a l  r o t a t i o n  of t h e  f o o t ,  i n t e r n a l  r o t a t i o n  o f t e n  
occurred .  The numer ica l  d i f f e r e n c e  between t h e  pe r sons '  two l e g s  are 
shown i n  t h e  bottom oolumis of Table  30. 

This  
TQle 30 l ists  t h e  results of t h e  

As a l l  mean va lues  are p o s i t i v e ,  i t  i s  
Th i s  i s  

S ince  i n  t h a t  case t h e  lateral  aspect of t h e  

As may be  seen  from x i n  

From t h e  lowest "range" 
t h e r e  

No upper l i m i t  or maximum value  

exceeded 3.4 mn. / - hls) may be u s e f u l  as an 
Thereby, t h e  movement of t h e  lateral  

( 5 7  
I t  h a s  been found t h a t  ( en  - g15) - 

expres s ion  of r o t a t i o n  a t  t r a c t i o n .  
t i b i a 1  condyle from t h e  n e u t r a l  p o s i t i o n  wi thout  any f o r c e  a c t i o n ,  e t o  
t h e  f i n a l  p o s i t i o n  i n  whic:h t h e  foot i s  15' e x t e r n a l l y  r o t a t e d ,  and du r ing  

n' 

30 kg t r a c t i o n ,  915, i s  examined t o g e t h e r  wi th  t h e  cor responding  rotatory 

movement f o r  t h e  medial  p a i r  of condyles  ( f n  - his). 
expres s ion  f o r  
g iven  i n  Table 31. 

The va lues  f o r  t h e  
t h e  r i g h t  and l e f t  l e g  and t h e  numerical  d i f f e r e n c e  are 

This  table also p r e s e n t s  an expres s ion  f o r  r o t a t i o n  
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Figure  26: Pressure on t h e  proximal end of t h e  r i g h t  t i b i a  (viewed from 
above) which i s  p res sed  backward. The medial  parameter changes 

from be ing  f i n  t h e  n e u t r a l  p o s i t i o n  wi thout  p r e s s u r e  t o  be ing  j ,  t h e  l a t -  
eral one from e t o  i. When e x t e r n a l  r o t a t i o n  occurs as well (on t h e  r i g h t  
i n  t h e  f i g u r e ) ,  t h e  expres s ion  ( ( i - e )  - ( j - f ) ) ,  r ep resen ted  by t h e  t h i c k  
l i n e  segment, becomes p o s i t i v e ,  on i n t e r n a l  r o t a t i o n  ( t h e  s i t u a t i o n  on t h e  
l e f t )  i t  becomes nega t ive .  

du r ing  p r e s s u r e  from t h e  n e u t r a l  p o s i t i o n  wi thout  a f o r c e  a c t i o n :  ( i l ,  - 
e n )  - (j,, - f n ) .  
a t i o n s  were a l s o  c a l c u l a t e d  ( t h e  last two 

The mean v a l u e s  for  condylar  movements i n  t h e  two s i t u -  . 

colunns of t h e  t a b l e ) .  
Corresponding numer ica l  d i f f e r e n c e s  between t h e  r i g h t  and l e f t  knee 

are c a l c u l a t e d  i n  t h e  fo l lowing  tobles, f o r  r o t a t i o n  wi thout  t r a c t i o n  
or p r e s s u r e  a c t i o n s ,  but an a c t i o n  through r o t a t i o n  of t h e  foot on ly .  
Table 33 l is ts  t h e  movements of t h e  lateral and medial  t i b i a1  condyle 
s e p a r a t e l y .  Only i n  one case of r o t a t i o n  d i d  t h e  numer ica l  d i f f e r e n c e  ex- 
ceed 3.0 mn - and t h i s  was a d i f f e r e n c e  i n  t h e  d i sp lacemen t s  o f  t h e  medial 

condyles  ( f n  - f38oext, ) d u r i n g  30' e x t e r n a l  rotation. of t h e  foot ( i n  one  

case 3 .2  mn). 

d i f f e r e n c e  of 3.0 mn also seems a p p l i c a b l e  (Table  32) ,  a l though a few 
va lues  are beyond it .  

As t o  t h e  expres s ion  (k-1) t h e  upper l i m i t  t o  t h e  s i d e  
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Sumnary and Conclusion 

I n  a rumber o f  tables i t  has been demonstrated tha t  even i n  normal knees 

the two t i b i a 1  condyles move a great deal, on t rac t i on  ond pressure, i n  

r e l a t i o n  t o  the Which condyle i s  most d i s -  

placed depends upon the i n i t i a l  pos i t ion  i n  which the foo t  has been fas t -  

ened (abbreviated foo t  ro ta t ion) ,  c f .  Tables 19, 25, 26, and 27. The t o t a l  

anteroposterior displacement i s  

regardless o f  the foo t  ro ta t ion .  The an ter io r  displacements may omount 

t o  as much as 10-12 mm f o r  each condyle - up t o  17 mn t o t a l  anteroposterior 

displacement. 

axpressed as the d i f fe rence between a person's two knees, never exceeds 

3.0 mm i n  the neu t ra l  posit ion, 3.1 m i n  15' external  f oo t  ro ta t i on  or  

30' i n t e r n a l  ro ta t ion .  A t  30' external  r o t a t i o n  the l i m i t  was exceeded 

(3.8 mn i n  one case). A t  the d i f f e r e n t  forms o f  r o t a t i o n  the upper l i m i t  

o f  3.0 mm was not exceeded by the expression (k-1) o r  ( (e -g)  - (f-h)), 
but  by the expression ( ( i - e )  - ( j - f ) )  when pressure was exerted upon the 

knee, there being a 3.4 mm d i f ference between a healthy person's two knees. 

A l l  o f  t h i s  heavy documentation, then, serves the purpose t o  reduce the 

parameter inves t iga t ion  needed i n  pa t ien ts  with u n i l a t e r a l  traumatic i n -  

j u r i e s  t o  the knee ligaments. 

or " c r i t i c a l  l eve l "  i n  comparing the same parameter f o r  a person's two 

knees i n  order t o  d is t ingu ish  between normal and abnormal condit ions must 

be 3.0 mm f o r  parameters e, f ,  g, h, i, and j and parameters derived from 

them, whi le  2.0 mm i s  a reosonoble " c r i t i c a l  leve l "  f o r  c and d. 

respective femoral condyles. 

always less i n  the medial j o i n t  c h d e r ,  

On the other hand, the an ter io r  o r  pos ter io r  displacement, 

I t  may be concluded tha t  a reasonable l i m i t  

In  dealing w i t h  pa t ien ts  having b i l a t e r a l  knee in ju r ies ,  i t  i s  s t i l l  

necessary t o  use the wide l i m i t s  o f  normal movements and thus look up the 

tables i n  t h i s  Addendum (Tables 9, 10, 19, 23, 25, 26, 27, 29, and 30). 

I n  the survey i t  was discussed whether a " c r i t i c a l  leve l "  i n  whole, 

rounded f igures would not be most reasonable, measuring wi th  one decimal 

and then rounding the f i n a l  resu l t .  
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Table 21 

Rotation of pointer on the tibia1 tuberosity a t  given foot rotation. Mean and range in 
12 subjects (4 males and 8 females). Knee rotation follows the direction of the foot 
rotation. 

Foot rotation 15" ext. 30" ext. 45" ext. 15" int. 30" int. 45" int. T 

Right Mean: 5.5" 10.5" 15.3" 4.4" 8.8" 13.3" 28.6" 

knee Range: 5O-8" 7"-14' 19-17' 0"-6" 5"-10" 10"- 15" 24"-30" 

Left Mean: 5.3" 9.8" 14.9O 4.3" 8.2" 12.9" 27.8" 

knee Range: 4 " - 7 "  7"-12" 123-170 0"-7" 4O-10' 7O-15' 20"-30° 

T = "total rotation" of the knee = /knee rotation a t  a foot rotation of 45" int.l+lknee 
rotation 45" ext./. Forced ext. and int. rotation of the foot were not attempted, so 
there is no question of an actual maximum rotation. 

Table 23 

Lower critical levels (for external rotation) and upper critical levels (for internal rotation) 
of 97 112 % to the total expression of rotation, k - I .  

Right/ 
Left 

Parameter 
(k- I )  

- 3.90 k l  = eneutr. - e l  B ext. 

1 1  = fneutr. - f l c e x t .  
Right 

- 3.82 1.34 - 6.50 = -6.5 k l  = eneutr. - e l  ~ "ex t .  

1 1  = fneutr. - f15~ext. 
Left 

- 12.05 = - 12.1 __---_ ---_-- - 7.83 2.1 1 k2 = eneutr. - e30" ext. 

12 = fneutr. - f300ext. 
Right 

- 6.82 1.68 - 10.18 = - 10.2 k2 = eneutr. - e30'ext. 

I2 = fneutf. - f30"ext. 
Left 

5.33 1.07 7.47 = +7.5 k3 = eneutr. - e300int. 

'3 = fneutr. - f30'int. 
Right 

8.97 = +9.0 ----- --__- 5.89 1.54 kg = eneutr. - e30° int. 

13 = fneutr. - f300int. 
Left 



Table 22 

30" ext. 

K
nee rotation on m

ere foot rotation. 
T

raction and pressure: 0. 
M

easured on the basis of alterations in param
eters e and f. 

U
nit m

m
. 

E
xpression of rotation 

N
o. of 

F
oot rotation 

-
 

-
 

subjects N
 

from
 neutral 

R
/L 

P
aram

eter 
R

ange 
X

 
SD 

X
k

--X
I 

. num
erical 

-
 

-
 

em
Utr. 

-
 el50 ext. =

 k
l 

-
 5.9- 

-
 0.20 

-
 2.39 

1.12 
X

 k
l -

 X
 I1 =

 

fneutr. 
-
f
 

15'ext. 
=

 11 
3.89 

R
ight 

knee 
+ 0.2 

-
-
t + 4.30 

+ 1.50 
0.75 

-
 3.89 

50 
15" ext. 

-
 5.3- 

+ 0.5 
-
 2.71 

1.05 

-
 0

.9
4

 + 2.7 
+ 1.10. 

0.85 
-
 3.81 

Left 
eneutr. --15"ext. 

=
 k

l 

fneutr. -
 f15"ext. =

 '1 
1 

knee 
3.81 

13 

-
 7.5+

- 
2.1 

-
 4.78 

1.39 
X

 k2 -
 X

 t2 =
 

1 
R

ight 
7.85 

-
 7

.4
4

 -
 2.2 

-
 4.75 

1.38 
-
 6.82 

eneutr. -e300ext. 
= k2 

fneutr. -
 f30"ext. =

 12 
+ 0

.4
+

 + 4.5 
+ 2.07 

1.09 
6.82 

-
 

- 
+ 1

.6
4

 + 4.1 
+ 2.86 

0.94 
X

 k3 -
 X

 13 =
 

5.33 
R

ight 
eneutr. -

 e
~

in
t

.
 

=
 k3 

fneutr. -
 f30"int. =

 13 
knee 

-
 3.5- 

-
 2.0 

-
 2.47 

0.51 
+ 5.33 

10 
30" int. 

+ 1.1 - + 5.5 
+ 3.56 

1.48 
+ 5.89 

eneutr. -
 e30"int. =

 k3 

fneutr. -
 f30oint. =

 13 
-
 3.6- 

-
 1 .O 

-
 2.33 

0.89 
5.89 
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Table 24 

Calculation of knee joint rotation during foot rotation on the basis of sin. v. 
For comparison, the angulations found by "external measurement". Unit: degrees. 

Foot 30" int. rotated Foot 15" ext. rotated Fool: 30" ext. rotated 
Control calculated v external calculated v external calculated v external 
No. mearu remen t measurement measu remen t 

51 
L 

52 
L 

57 
L 

62 
L 

78 
L 

80 
L 

3" 5" 
4" 6" 

6" 5" 
6" 5" 

5" 8" 
6" 5" 

4" 5" 
3" 7" 

9" 5" 
8" 5" 

9" 5" 
5" 5" 

;P 10" 
r r  1 0" 

11" lo" 
10" 1 0" 

6" 5" 
P 5" 

!P lo" 
1 0" 8" 

1 !j" lo" 
1 I "  1 0" 

Table 25 

Characteristics and upper critical levels (97 1,'2%) of parameters for anterior or posterior 
displacement. Traction and pressure: 30 kg. 
Foot fastened in 15" external rotation. N = 50. 

- - - 
Displacement parameter X SD X SD X +  2 S D  

6.23 2.21 ant. displ. (e-g) R 
lat. condyle (e-g) L 6.27 2.07 

ant. displ. ( f -h)  R 2.69 1.63 
med. condyle (f-h) L 3.13 1.70 

ant. displ. (e-g) + (f-h) R 4.46 1.76 4.5 
L 4.70 1.64 mean of both 2 

post. displ. ( i-e) R 3.42 1.65 
3.16 1.85 lat. condyle (i-e) L 

post. displ. ( j- f)  R 2.44 1.17 
med. condyle ( j - f )  L 2.21 1.25 

6.3 2.2 10.7 

3.1 1.7 6.5 

1.8 8.1 

3.2 1.8 6.9 

2.4 1.2 4.8 

2.7 1.3 5.2 post. displ. ( i -e )  + (j-f) R 2.93 1.08 
mean of both 2 L 2.68 1.26 

2.5 14.7 total displ. (id R 9.65 2.50 9,7 
lat. condyle (i-g) L 9.43 2.57 

total displ. (j-h) R 5.13 2.12 
med. condyle (j-h) L 5.34 2.04 

5.3 2.0 . 9.3 

7.4 2.0 11.4 total displ. (i-g) + (j-h) R 7.39 2.04 
mean of both 2 L 7.38 2.01 
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Table 26 

Characteristics of parameters for anterior or posterior displacement. Traction and pressure: 
30 kg. Foot fastened in 30" external rotation. N = 13: 7 females and 6 males. Unit mm. 

Upper critical 

Parameter X Range SD X SD X +  2.2 x SD 
- - Used - level 

(e-g) R 
(e-g) L 

(f-h) R 
(f-h) L 

(e-g)+ ( f -h)  
2 

(i-e) R 
(i-e) L 

(j-f) R 
( j - f )  L 

(i-e) + ( j - f )  
2 

(i-g) R 
( i d  L 

(j-h) R 
(j-h) L 

( i d  + (j-h) 
2 

6.87 
7.1 2 

3.51 
3.87 

R 5.19 
L 5.50 

2.97 
2.37 

2.66 
2.47 

R 2.82 
L 2.42 

9.84 
9.49 

6.1 7 
6.34 

R 8.00 
L 7.92 

3.60 - 11.80 
3.00 - 12.40 

0.70 - 7.10 
1.20 - 9.50 

2.45 - 9.45 
2.10 - 10.95 

0.00 - 7.20 
0.50 - 7.20 

0.70 - 4.30 
1.10 - 4.40 

1.25 - 5.00 
1.05 - 5.70 

6.60 - 17.40 
5.40 - 16.70 

2.30 - 10.90 
3.80 - 11.60 

4.45 - 12.80 
5.20 - 12.85 

2.39 
2.43 

1.99 
2.20 ~ 

2.09 
2.23 

1.71 
1.83 

1.10 
1.05 

1.04 
1.26 

3.32 
3.29 

2.49 
1.98 

2.77 
2.43 

7.1 

3.9 

5.5 

3.0 

2.7 

2.8 

9.8 

6.2 

8.0 

2.4 12.4 

2.2 8.7 

2.2 10.3 

1.7 6.7 

1.1 5.1 

1.3 5.2 

3.3 17.1 

2.5 11.7 

2.8 14.1 
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Characteristics of parameters for anterior or posterior displacement. Traction and pressure: 
30 kg. Foot in 30" internal rotation. N = 10 (ratio females/males: l/l). Unit mm. 

Upper critical 

Parameter X Range SD X SD x+ 2.2 x SD 
- - Used I eve I 

(e-g) R 3.81 
(e-g) L 3.62 

(f-h) R 3.78 
(f-h) L 3.61 

2 L 3.61 

(i-e) R 4.47 
(i-e) L 4.90 

(j-f) R 1.29 
(j-f) L 1.28 

(i-e)+ (j-f) R 2.88 
2 L 3.09 

( i d  R 8.28 
l i - g )  R 8.52 

(j-h) R 5.07 
(j-h) L 4.89 

(i-g)+ (j-h) R 6-67 
2 L 6.70 

0.80- :7.50 1.98 
0.30 - !k30 1.64 

3.8 2.0 

0.70 - !3.10 2.57 
0.90 - 6.90 2.09 

3.8 2.6 

0.75 - 8.30 2.25 
0.70- 6.10 1.74 

3.8 2.3 

1.40 - 8.60 2.16 
3.10 - 8.30 1.64 4.9 1.6 

0.10- 3.10 0.93 
0.50- 2.20 0.66 

1.3 0.9 

1.50 - 4.90 1.21 
1.80 - 4.65 0.92 

3.1 0.9 

5.10- 13.90 2.50 
5.40 - 10.70 1.65 8.5 2.5 

1.40 - 1 1.00 2.54 
1.50- 9.00 2.36 

5.1 2.5 

4.45 - '12.45 2.25 
3.15 - 9.60 1.74 

6.7 2.3 

8.2 

9.5 

8.9 

8.4 

3.3 

5.1 

14.0 

10.7 

11.6 



Table 28 

C
haracteristics for param

eters of anteroposterior displacem
ent /right - I&

/. 
T

raction and pressure force: 
30 kg. 

F
oot in

 different positions of rotation. 
M

ax.: 
m

axim
um

 value m
easured. 

F
oot rotation 15" ext. 

N 
=

 50 
F

oot rotation 30" ext. 
N

 =
 13 

D
isplacem

ent, param
eter 

X 
SD

 
X

t
2

S
D

 
X 

m
ax. 

X
 + 2.2 S

D
 

-
 

-
 

-
 

-
 

anterior: 
lateral condyle 

e
-g

 
m

edial condyle 
f-h 

(e-g) + (f -h
) 
2
 

I 
m

ean 
m V

I 
I4

 
I 

posterior: 
.lateral condyle 

i -e 
m

edial condyle 
j-f 

m
ean 

(i-e)+ (j-f) 
2
 

total anterior posterior: 

lateral condyle 
i -g

 

m
edial condyle 

j-h
 

m
ean 

(i-g
) + (j-h

) 
2 

1.25 
0.94 

3.13 -3.1 
0.98 

0.77 
2.52 - 2.5 

0.94 
0.79 

2.52 -2.5 

1.15 
0.84 

2.83 -2.8 
1.12 

0.70 
2.52 - 2.5 

0.85 
0.64 

2.13 - 2.1 

1.21 
0.98 

3.17 -3.2 
0.95 

0.74 
2.43 -2.4 

0.84 
0.75 

2.34 
-2.3 

1.08 
1.16 

0.98 

0.89 
0.88 

0.85 

0.95 
1.25 

0.77 

4.6 
3.4 

4.0 

2.00 
1.90 

1.70 

3.10 
2.40 

2.30 

3.8 
3.1 

3.2 

2.3 
2.4 

1.8 

2.9 
2.6 

2.4 

F
oot rotation 30" int. 

N
 =

 10 

X 
m

ax. 
X+ 2.2 SO 

-
 

1.05 
3.00 

3.0 
0.91 

2.30 
2.7 

0.86 
2.65 

2.6 

0.89 
3.60 

3.1 
0.69 

2.50 
2.2 

0.66 
2.05 

2.0 

1.72 
4.80 

4.9 
1.16 

2.40 
3.1 

1.12 
2.85 

3.3 



Table 29 

K
nee rotation during traction of 30 k

g
in

 norm
al persons expressed as ((e-g

) -
 (f - h

)) and as the num
erical value of the difference in this 

quantity betw
een the right and left knee. 

S
ide 

C
haracteristics 

Foot neutral, 
N 

=
 50 

Foot 15" ext., 
N

 =
 50 

Foot 30"ext., 
N

 =
 13 

Foot 30" int., 
N

 =
 10 

~ 
~ 

~~ 
~~~ 

+ 1.7 -
 + 6.0 

-
 1.6 

+ 1 
range 

-
 0.4 

_
_

 +
 + 5.3 

t 0.5 -
 + 7.6 

X
 

2.38 
3.54 

3.36 
0.03 
0.85 

X
 T 2.2 SD 

-
 

-
 

1.37 
X

 T 2.2 SD 
-
 

R
ight 

SD 
1.39 

1.64 

4 
X

s
2

S
D

 
-
 0.4 

A
 5.16-5.2 

+ 0.26-0.3 
26.82-6.8 

t
 0.34-0.3-6.37-6.4 

-
 1.8 

+ 
1.9 

range 
-
 1.3 -

 + 5.1 
-
 2.3 -- -t 7.8 

+ 1.0 -
 + 5.4 

-
 2.3 

t 2.3 
X

 
2.38 

3.15 
3.25 

0.01 
1.39 

X
 T 2.2 SD 

-
 

-
 

1.23 
-
 

L
eft 

SD 
1.36 

1.88 
X

 T 2.2 SD
 

x
r: 2

S
D

 
-
 0.34-0.3- 

5.10 
-
 0.61--0.6 

~
6

.9
1

-6
.9

 
0.54-0.5-- 

5.96-6.0 
-
 3.0 -

 t 3.1 
range 

+ 0.1 
-
-
-
-
-
-
, + 2.9 

+ 0.1 
-----+

 
+ 3.1 

+ 0.1 
-
-
d
 2.7 

0 0 
+

2
1

 
,
 

-
 

/R
ight - 

x 
1.24 

, 
1.14 

1.20 
0.78 

left/ 
S

D
 

0.72 
0.82 

0.75 
0.59 

-
 

2.1 
___ 
_-- 

X
+

2
S

D
 

2.68 
- 

2.7 
2.78 

- 
2.8 

2.70 
- 

2.7 
2.07 

- 
_

-- 
___ 

--- 
__- 

--- 
--- 



Table 30 

K
nee rotation during pressure of 30 kg in

 norm
al persons as ((i-e) -

 (j-f)) and as the num
erical value of the difference in this 

quantity betw
een the right and left knee. 

Side 
C

haracteristics 
Foot neutral, 

N
 =

 50 
Foot 15" ext., 

N =
 50 

Foot 30" ext., 
N =

 13 
Foot 30" in

t., 
N = 10 

range 
-
 2.6 -- + 7.40 

-
 3.0 

+ 5.1 
-
 4.3 -
 + 4.4 

-
 0.2 
A

 + 8.2 
-
 

X 
2.39 

0.98 
0.31 

3.18 
2.28 

-
 

1.97 
-
 

R
ight 

SD
 

2.13 
1.89 

-
 

-
 1.87 

- 
-
 1.9 

-
 2.8 

X T 2.2 S
D

: 
X

 4 2.2 SD
: 

X
i

 2S
D

 
-
 1.8 --- 

+ 8.2 
d

6
.6

5
 - 

+ 6.7 
----* 

4.76 - + 4.8 
-
 4.0 

-
A

 -t 4.6 
-
.
 

I 

b
 
0
 
4
 

range 
-
 1.1 

_
_

 --* + 7.7 
-
 3.1 -
 + 5.4 

-
 3.3 

--+
 

t
 3.0 

+ 2.3 -
 + 7.3 

X 
2.39 

0.95 
-
 0.10 

3.62 
I 

L
eft 

SD
 

1.90 
1.89 

1.59 
1.71 

-
 

6.19 - 
6.2 

4.73 
- 

4.7 
X 

T 2.2 S
D

: 
2 T 2.2 SD

: 
X

+
 2S

D
 

- 

-
 

--+
- 1.41 - -

 1.4 
-
 2.83 

- 
-
 2.8 

-
 3 6 

--* -1- 3.4 
+ 0.1 

----* 
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R
otations calculated from

 the neutral foot position w
ithout any application o

f force, en and fn, to 15" external rotation in
 the foot 

and 30 kg traction, 915 and h15, and 
30 kg pressure i15 and j15. 
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Table 32 

/(k - l ) ~  - L/. Difference in rotation between a person's two knees. 

- - 
Rotation N Range X SD X + 2SD 

2.82 - 2.8 ---- ---- 0 - 15" ext. 50 0.0 - 4.3 0.98 0.92 

0 -  30" ext. 13 0.6 - 4.0 1.61 0.97 

0 - 30" int. l o  0.0 - 3.0 1.14 0.93 
__- --- 
--- _-- 

Table 33 

Knee rotation a t  different foot rotations. Traction and pressure = 0. Numerical difference 
between the right and left knee. Measured by simpler parameters: 
/(en - e,) R - L/ and /(fn - fr) FI - L/. 

- - 
Rotation N Parameter Range X SD X + 2 S D  

/(en - e15)(~-L) /  0.1 -2.8 0.89 0.70 2.29- 2.3 
0-  15' ext. 50 

/(fn - f l 5 ) ( R - ~ ) /  0.0 -2.2 0.90 0.62 2.14- 2.1 

/(en - e30) (~-L) /  0.1 -2.7 1.29 0.81 
0-30"ext. 13 

/(fn - f30) ( R-L)/ 0.3 --+ 3.2 1.64 0.86 



- 160 - 



- 161 - 

A D D E N D U M  I1 

ANALYSIS OF STRESS RPDIWRAPHIC MEASURailENTS OF MEDIAL, LATERAL, 

ANTEROPOSTERIOR, ANI ROTATORY INSTABILITY AN> CWARISON WITH 

OPERATIVE FINIINGS I N  153 KNEE INJURIES 
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P a t i e n t  Material. Survey 

The c l a s s i f i c a t i o n  i n  pape r s  (5) and ( 6 )  was u s e d ,  t h e  cases be ing  r epor t ed  i n  

numerical  order. Group 1 c o n p r i s e s  cases of f r e s h  knee  i n j u r i e s ,  meaning t h a t  

t h e  i n t e r v a l  between t h e  trauma and o p e r a t i o n  was 14 days  or less, g r w p  2 

cases i n  which t h i s  i n t e r v a l  was 15 days  t o  3 months, and 

which i t  exceeded 3 months. 

........................ 

group 3 cases i n  

The group of f r e s h  i n j u r i e s  i s  made up of 90 knee  j o i n t s .  Local an- 

a e s t h e s i a  ( l i d o c a i n e  c h l o r i d e )  was used i n  t h e  measurements, adding norad- 

r e n a l i n e  i n t o  collateral  l igaments  and capsu le ,  bu t  not i n t o  t h e  j o i n t  space 

(5 m l ,  a f t e r  a s p i r a t i o n  of hyd- or haemar th ros i s ) .  The f r e s h  cases are par- 
t i c u l a r l y  well-suited f o r  observ ing  t h e  e x t e n t  of t hedamoge  i n  t h e  c o u r s e  of 

surgery,  as t h e r e  i s  no t  y e t  any b l u r r i n g  scar format ion  i n  t h e  collateral 
l igaments  and c a p s u l e  or a t rophy  of i n j u r e d  cruciate l i g o n e n t s .  However, t h e  

pa in  r e a c t i o n  may be  v i o l e n t  i n  t h i s  group, and i n  t h r e e  of t h e  90 cases t h i s  

prevented measurement of t h e  drmer s ign .  

Group 2 comprises only  26 knee j o i n t s .  In  t h i s  g r w p  too local anaes- 
The patho- t h e s i a  hod t o  b e  a p p l i e d  at t h e  stress rad iog raph ic  measurement. 

l o g i c a l  appearance of t h e  i n j u r i e s  proved p a r t l y  blurred by scar format ion  and 

cruciate a t rophy.  

Group 3 c o n p r i s t s  37 knee j o i n t s .  I n  t h i s  group t h e r e  was no p a i n  re- 

a c t i o n  du r ing  t h e  measurements, and local a n a e s t h e s i a  was not  u s e d .  
g i n a l  p a t h o l o g i c a l  ancitomy of t h e  collateral  l i g a n e n t s  and c a p s u l e s  proved 

t o  have been almost t o t a l l y  t ransformed by scar format ion .  

cruciate l igaments  could b e  assessed only  as p a r t i a l  or total  a t rophy ( i n  some 

cases as t h e  p re sence  of l igament remnants),  

i ng  o f  cruciate l igaments  i s  d i f f i c u l t  t o  eva lua te .  

The ori- 

I n j u r i e s  t o  t h e  

P o s s i b l e  h e a l i n g  wi th  lengthen- 

In  a l l ,  153  knee! i n j u r i e s  i n  151 p a t i e n t s  w i l l  b e  repor ted ,  as two po- 

t i e n t s  were examined, and opera ted  upon, twice on t h e  same knee. They were a 

p a t i e n t  l i s t e d  f i r s t  as Case  50 and la ter  as Case  101 and ano the r  one listed 
f i r s t  as No. 60 and later as Case  148. I n  bo th  cases t h e r e  was a q u e s t i o n  
f i r s t  of a f r e s h  i n j u r y  and la ter  of a new trauma presen ted  l a te  f o r  treat- 
ment. 

Cases  50 and 60, wh i l e  i n  Case  101 it was as i n  o t h e r  cases 

i n  Case  148 as i n  o t h e r  group 3 cases. 
on t h e  sane knee  j o i n t  do no t  i n f l u e n c e  t h e  a n a l y s i s .  

Thus, t h e  p a t h o l o g i c a l  anatomy was q u i t e  clear and easy t o  d e s c r i b e  i n  
of group 2 and 

Therefore ,  t h e  two repea ted  o p e r a t i o n s  

A t o t a l  survey on t h e  composition of t h e  c l i n i c a l  material by age  and 
a to ta l  survey on t h e  "cause" of t h e  sex  h a s  been g iven  i n  Toble 1 of ( 5 ) ,  
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trauma i n  Tcble 2 of t h e  same paper.  

i n  which t h e  p a t i e n t  was involved when 

was always mode t o  e l u c i d a t e  t h e  pa thogenes i s  of t h e  i n j u r y ,  meaning t h e  

mechanism of t h e  trauma, and i t  w i l l  b e  t o b u l a t e d  below. It i s  of inpor tonce  

t o  which t y p e s  of i n s t o b i l i t y  are expected t o  be found i n  t h e  j o i n t  concerned. 

The p a t i e n t s  were examined du r ing  t h e  pe r iod  January 1974 t o  N o v d e r  1975. 

Las t ly ,  t rue negat ive ,  TN, true p o s i t i v e ,  TP, f a l s e  nega t ive ,  FN, and 

"Cause" i s  t d t e n  t o  mean t h e  a c t i v i t y  

t h e  acc iden t  occurred. An a t t e n p t  

f a l s e  p o s i t i v e ,  FP, f i n d i n g s  of i n s t o b i l i t y  w i l l  b e  analysed, c o n s i d e r i n g  t h e  

o p e r a t i v e  f i n d i n g  t h e  d e c i s i v e  f u c t o r .  The rea f t e r ,  t h e  results of stress ra- 

diography, c l i n i c a l  examination (by ano the r  surgeon, i .e .  t h e  Head or Senior  

R e g i s t r a r ) ,  and examination under g e n e r a l  a n a e s t h e s i a  were compared ( c f .  ( 5 ) ) .  
Th i s  was done by c a l c u l a t i n g  t h e  PV and PV of t h e  named TN, TP, FN, and 

FP va lues  (Wulff 1973 a ) .  
r ad iog raph ic  measuring results t o  whole f i g u r e s  (mm), i t  m u s t  be t d t e n  i n t o  

account whether 

PO s neg 
In  c o n s i d e r i n g  t h e  importance of rounding t h e  stres! 

t h e s e  e x p r e s s i o n s  are a f f e c t e d  by such rounding. 

Opera t ive  Method 

Opera t ion  was i n i t i a t e d  i n  a l l  cases by a v e r t i c a l  i n c i s i o n  a n t e r i o r  t o  t h e  

medial collateral  l igament  and cont inued  as arthrotomy opening t h e  j o i n t  

s u l e  a n t e r i o r  t o  t h e  n m e d  l igament  up t o  t h e  v a s t u s  f i b r e s .  

a l i s  muscle was i n c i s e d  only  i n  major procedures .  

t o  t h e  j o i n t  t h a t  t h e  cruciate l igamen t s  and t h e  medial collateral l igaments  

could  b e  in spec ted ,  and so could  a large p a r t  of t h e  articular cartiloge, the 
medial meniscus, and t h e  a n t e r i o r  horn of t h e  la teral  meniscus. 
s i m l t a n e o u s  i n  juries, f u r t h e r  i r i c i s i o n s  were cpp l i ed  over t h e  lateral  

era1 ligament,  i n t o  t h e  p o p l i t e a l  space,  etc. In  t h e  medial i n c i s i o n  t h e  i n -  
frapatellar branch of t h e  saphencius nerve  was always exposed, covered wi th  

tape, and spared .  Secondary r u p t u r e  of t h i s  ne rve  branch du r ing  t h e  operation 

sometimes occurred i n  major procedures  invo lv ing  suture of t h e  cruciate l iga -  

ments etc. 

i s  o u t s i d e  t h e  scope of t h e  p r e s e n t  paper.  

cop- 
The v a s t u s  medi- 

Th i s  gave  such g o d  access  

I n  o t h e r  or 
co l la t ,  

A more d e t a i l e d  d e s c r i p t i o n  of t h e  t echn ique  of l igament  su tu re  

A l l  t h e  cases are tobuloted, w h i l e  p a r t i c u l a r l y  i n t e r e s t i n g  or conpli- 
cated cases w i l l  b e  desc r ibed  i n  t h e  t e x t .  

I 

R u l e s  of C a l c u l a t i o n :  
From Addendum I, i n  p a r t i c u l a r ,  t.he l as t  summary, and 

f i n d i n g s  i n  (3) ,  (4), and ( 5 ) ,  t h e  fo l lowing  c a l c u l a t i o n  rules can  be summed 

from d e f i n i t i o n s  and 

up : 
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Expressions of rotation: 

1. H: k - 1 = ( e  - e  
- - - - - - - - - - - -- 

) .  T h i s  expression 

i s  positive on internal rotation of t h e  t i b i a  (and negative on opposite 

rotation).  No s t r e s s  action. 

2.  F: (e  - g )  - (f - h:l expresses rotation during traction i n  neutral position 

- (fneutral - frototed neutral. rotated 

3 G: 

4. 

en, gn, etc.; i n  15' external rotation e15, gig, etc. ;  i n  30' external 
rotation e300 

the foot: e30° i r i t . '  g30° i n t . ,  etc.  

The expression i s  positive i n  internal rotation of t h e  t i b i a  (and nega- 

t i ve  i n  t h e  cppoaite rotation. 

(i - e )  - ( j  - f )  expresses rotation during pressure (posteriorly 
rected force).  

i n  rule 2 t o  designate the position of the foot during the force action. 

Expression 3 i s  - positive i n  external rotation of the t i b i a  and negative 

i n  the opposite rotation. 

/Parameter of injured knee - that  of t h e  uninjured knee/ > 3.0 mm t o  

be &normal. However, t o  a l l  foot positions concerning expression 3, 

and i n  30 

pression 1 there i s  a l i m i t  > 3.4 mn. 

etc . ,  and i n  30 internal rotation of ext,' '30' ext. '  

di- 

The same sub-expressions of the parmeters are  used as 

0 external or internal rotation of t h e  foot concerning ex- 

Expressions of medial and l a t e r a l  instobi l i ty:  - - - - - - - - -___ - - - - - -_ - - - -  
- c  ) > 2.0 mn: medial instobi l i ty .  

- ) > 2.Omn: l a t e ra l  instabi l i ty .  
5' *: ('injured uninjured 
6 *  B: (dinjured d u n i n j u r e d  

Expression of anteroposterior displacement : 
7e--s' 7. c: 
(i  - 8. D: 

9. E: ( i  - 

- - -  - - - - - -  - - -  
Tf--3T ( i n j u r e d  - uninjured) > 3.0 mn: anterior drawer sign. 2 

-k (j - f ,  (injured - uninjured) > 3.0 mn: posterior drawer: sign. 2 
-F ( j  - h ,  (injured - uninjured) > 3.0 mn:obnormal to t a l  antero- 2 

posterior displacement (applies t o  neutral position and 15' externally 
rotated foot, w h i l e  a few values are 3.2 and 3.3 i n  further internal 
or external rotation of t h e  foot) .  

Corrbin ations of anteroposterior i n s t a b i l i t i e s  and rotatory in s tob i l i t i e s  

do occur (6).  

any anterior or posterior displacement, as is  apparent from Figures 25 and 26. 

They are then, correctly, rmltiplied by a factor 2, as  a perpendicular l i n e  

from the new centre w i l l .  divide the l i n e  segment concerned in to  two halves, 

and t h e  new centre represents t o t a l  displacement. 
acquire any practical  importance, as  the numerical values were calculated on 

The three expressions of rotation subtract the greater part of 

However, t h i s  does not 
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Tcble 1 

Algebraic formulae f o r  ca lcu la t ion  o f  i n s t a b i l i t y  : 

A: 

6: Latera l  'I : dinj . duninj. 

C: 

D: Poster ior  

E: Tota l  anteroposterior displacement: 

where n = neutral, i n j .  = injured, un in j .  = uninjured. 

C, D, and E can a lso be calculated f o r  foo t  i n  15' ext., 30' ext., and 30' i n t .  

r o t  a t  ion. 

F: 

Medial i n s t c b i l i t y :  cinj. - cuninj 

Anter ior  displacement (drawer sign): (e-g) i- (f-h) n ( i n j .  - un in j . )  

- 

2 

2 

2 

I 1  II II . ( i - 1  + (j-f) (inj. - uninj.) 

( i -9 )  + (j-h) (inj. - uninj.) 

Rotation on t rac t i on  ((e-g)) - (f-h)) n150 ext. ( i n j .  - uninj.)  

30' ext. 

30' i n t .  

G: Rotation on pressure: ( ( i - e )  - ( j - f ) )  nl5: ext. ( in j .  - unin j . )  

30 ext. 

30' i n t .  

H: Rotation without pressure or t rac t ion :  (k-l)(inj. - uninj.) = (en - el51 - 
(fn - 5 5 ) .  

H can a lso  be calculated for 30° of external o r  i n t e r n a l  r o t a t i o n  i n  

which 15' ext., 30' ext., and 30' i n t .  designate foo t  ro ta t ion .  

designate knee ro ta t i on  when the foot Hn15°ext.' Hn30°int.' Hn30° ext. 

i s  ro tated f rom the neut ra l  posit icm 15' external ly, 30° i n te rna l l y ,  or 30' 

are the correspond- 

' 

'nl50ext. , D n l ~ o e x t .  , Fn15°ext. , G n l ~ o e x t .  

i ng  designations. 

the bas is  o f  the normal mater ia l  (Iddendurn I). 
of  the  halved expressions, e.g. k ((i - e) - (j - f ) )  does mean halved c r i t i -  

c a l  levels, they a lso  halve the val.ues w i th  which they are t o  be compared i n  

abnormal cases. Therefore, f ac to r  !$ can j us t  as we l l  be excluded, i .e .  

p l i e d  by 2. 

Thus, although the general use 

1 

Table 1 i s  a survey on a set o f  formulae deduced from the ca lcu lat ion 

rules, using constantly the d i f ference ( in ju red  - uninjured). The formulae 

are stated i n  c c p i t a l  l e t t e r s  t o  save space i n  the f o l l k v i n g  tabulat ions i n  

which they w i l l  be used. 

I 

1 ' 
I t i s  the i n ten t i on  t o  use these formuloe as a 
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screening o f  the ca l cu la t i d  values f o r  the d i f f e r e n t  forms o f  i n s t a b i l i t y ,  the 

numerical c r i t i c a l  l e v e l  o f  the expressions being known: 2.0 mn f o r  A and 0, 

3.0 mm f o r  C, D, E, F, and Hn - 150ext., and 3.4 mn f o r  G and Hn - 300int., and 

Hn30° i n t .  
ed, and a more de ta i led  analysis o f  the movements i n  the condyles of 

jured and uninjured knee ins t i t u ted .  

. Where these riumerical values are exceeded, the sign must be observ- 

the i n -  

The procedure may seem complicated, but i t  was f e l t  t o  be ind icated f o r  

s c i e n t i f i c  reasons. When the p o s s i b i l i t i e s  have been investigated, i t  i s  

planned t o  s imp l i f y  both the nunber o f  measurements and ca lcu lat ions by pick- 

ing  out the simplest ones f o r  rou t ine  use. 

possible t o  carry  out a l l  the examinations on eoch pat ient .  

spoces i n  the tables w i l l  be empty. 

I n  the in ju red  mater ia l  i t  was not 

Therefore, some 

Patient Group 1 

Toble 2, i n  which the above system i s  used, presents the outcome o f  the ca l -  

cu la t ions i n  Cases 1 t o  11: Among these pa t ien ts  none exhibited medial or l o t -  

era1 i n s t a b i l i t y  a t  gonyloxometry, i .e .  none exceeded the c r i t i c a l  l e v e l  o f  

2.0 mn f o r  A and B (Table 2 ) .  
Nor d id  any o f  them have a pos i t i ve  drower sign, as none hod C or D 

values exceeding the c r i t i c a l  l e v e l  o f  3.0 mn, c f .  Fig. 2 i n  ( 5 ) .  

the c l i n i c a l  examination i n  a l l  these cases 

cases medial lax i ty ,  i n  2 cases drower sign (Table 3 ) ) .  
general anaesthesia presented only one FP and gonylaxometry none. 

other hand, there i s  reason t o  comnent on the values f o r  ro ta to ry  i n s t o b i l i t y  

i n  some o f  these pat ients .  

proved so d i f f i c u l t  that  n3 comparison was made o f  the f ind ings a t  gonylaxo- 

metry, a t  c l i n i c a l  evaluation, and a t  exminat ion  under general anaesthesfa 

as done f o r  medial and l a t e r a l  i n s t a b i l i t y  and f o r  

Note that  

presented FP f ind ings ( i n  9 

Examination under 

On the 

C l i n i c a l  evaluation of ro ta to ry  i n s t a b i l i t y  has 

the drower signs. 

Case 1: 
This case has been reported i n  (6), Table 1 and Fig. 3, and i n  the t e x t  o f  the 

present survey under " f ind ings"  and l'discussion'l. 

A 29-year-old man su:jtained an i n j u r y  during f lexion-external ro ta t i on  

of the l e f t  lower l e g  i n  r e l a t i o n  t o  the th igh  whi le  ski ing. 

grcphy did not demonstrate any medial i n s t a b i l i t y ,  (cinj. - cUninj. ) being < 
2.0 mn (= 1.8 mm). 

s t ra te  medial i n s t a b i l i t y .  Anter ior  displacement o f  the l a t e r a l  t i b i a 1  con- 

dy le  

Stress radio- 

Examination under general anaesthesia a lso d id  not demon- 

( t r a c t i o n  30 kg) i n  the neut ra l  pos i t i on  was f o r  
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t h e  i n j u r e d  knee  ( e  - 9 ) :  7.2  mn, 

un in ju red  knee  ( e  - 9 ) :  8.6 mn 
( i n j u r e d  - un in ju red  = -1.4 mm). 

Anterior d isp lacement  of t h e  m e d i a l  t i b i a l  condy le  was f o r  

t h e  i n j u r e d  knee  ( f  - h) :  8.2 mn 

un in ju red  knee  (f - h ) :  5.9 mn 
i n j u r e d  -unin jured:  + 3.2 rrrn 

t h e  d isp lacement  of t h e  " in ju red  condyle' '  i s  greater than  t h a t  of t h e  uninjured 
one ( i n d i c a t i n g  e x t e r n a l  r o t a t i o n ) ,  and when c o n s i d e r i n g  t h e  lateral condyles, 

t h a t  of t h e  i n j u r e d  knee  is less a n t e r i o r l y  d i s p l a c e d  than  t h a t  of t h e  uninjur6 
knee, i. e. r e l a t i v e l y  p o s t e r i o r l y ,  also i n d i c a t i n g  e x t e r n a l  r o t a t i o n .  The diff. 

e r ence  between ( f  - hIinj* and ( f  - hIuninj, i s  s u f f i c i e n t l y  great t o  a f fo rd  

t h e  sole documentation o f  t h i s  e x t e r n a l  r o t a t i o n .  The d i f f e r e n c e  between the 

i n j u r e d  and un in ju red  knee  for  t h e  la teral  p a i r  o f  condyles  ( e  - g )  i s  nega- 

t i v e  and t h e  to ta l  d i f fe renc :e  t h e r e f o r e  4.6 mm. 

Thus, when c o n s i d e r i n g  t h e  medial t i b i a l  condyles ,  i t  w i l l  b e  seen tha t  

I t  i s  t h i s  way of calc:ulation, t o t a l l i n g  t h e  movements of bo th  t i b i a l  

condyles,  which i s  c o l l e c t e d  a l g e b r a i c a l l y  i n  expres s ion  F i n  Tcble 1: 

( ( e  - 9 )  - ( f  - h) I in j .  - ( ( e  - 9 )  - ( f  - h)Iuninj. ,  

and t h e  c a l c u l a t i o n  g i v e s :  

(7.2 - 8.2) - (8.6 - 5.0) = ( - 1.0) - (3 .6)  = - 4.6 m, 

which i s  numer ica l ly  equal  t o  t h e  h o v e  result, w h i l e  t h e  
t i o n  rule 2, indicates e x t e r n a l  r o t a t i o n .  

l e v e l  of 3 . 0  mm. 

s ign ,  cf .  ca lcu la-  

Th i s  r o t a t i o n  exceeds  t h e  c r i t i c a l  

Regarding t h e  e x p r e s s i o n s  f o r  t h e  i n j u r e d  and t h e  unin jured  l e g  isolated, 

i t  w i l l  b e  seen t h a t  ( ( e  - 5 2 )  - ( f  - h ) ) i n j  becomes negat ive ,  i . e .  indicating 

e x t e r n a l  r o t a t i o n ,  w h i l e  t h e  sane expres s ion  f o r  t h e  un in ju red  leg i s  positive, 

i n d i c a t i n g  i n t e r n a l  r o t a t i o n ,  i as normally found on t r a c t i o n .  

Opera t ive  f i n d i n g s :  

a n t e r i o r  f i b r e s  be ing  ruptured .  

posterior f i b r e s  p reven t  medial i n s t a b i l i t y .  

a t i o n  for  a n t e r i o r  displucernent i s  performed, t h e s e  f i b r e s  are l a x  and permit 

abnormal e x t e r n a l  r o t a t i o n ,  F ig .  3 i n  (6). 

[solated, p a r t i a l  r u p t u r e  of t h e  SKL, t h e  long 

In ex tens ion  and i n  s l i g h t  f l e x i o n  t h e  i n t P c t ,  
I n  90° f l e x i o n ,  i n  which examin- 

Case  2:  
While p l ay ing  f o o t b a l l  t h e  p a t i e n t  hod been h i t  by on opponen t ' s  boot antero- 

media l ly  on t h e  t i b i a .  
t o  t h e  (hyper  ?)-extended knee. 

O p e r a t i v e  f i n d i n g s :  

Th i s  was, then ,  a p o s t e r i o r l y  d i r e c t e d  cbduct ion  trauma1 

IFraying of t h e  a n t e r i o r  f i b r e s  of t h e  SKL superior- 
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l y  at  t h e  medial femoral ep icondyle ,  b u t  w i thou t  a comple te  i n t e r r u p t i o n  
of c o n t i n u i t y .  
logous t o  Case  1. 

Rupture  also of t h e  pos t e romed ia l  capsu le .  T h i s  case i s  ano- 

The c a l c u l a t i o n s  i n  Case  2 were carried ou t  as follows: 
- c  ) = 11.2 - 11.2  = 0.0 m < 2. 0 mm *: (‘inj. u n i n j .  

B: ( d i n j .  - dun in j .  

Cn : 

) = 14.4 - 14.1 = 0 . 3  mn < 2 . 0  mn 

= - 0 . 6  m. ( e - s )  + ( f -h)  ( i n j * -  u n i n j . )  = 2.9  i- 6.4 - 7 .0  + 3.4 
2 2 2 

The only  &normal f i n d i n g  on stress rad iography was &normal e x t e r n a l  
r o t a t o r y  i n s t a b i l i t y  on t r a c t i o n  i n  t h e  n e u t r a l  p o s i t i o n  of t h e  foot as well 
as wi th  t h e  foot f a s t e n e d  i n  15’ e x t e r n a l  r o t a t i o n .  

- Fn: ( ( e n  - g n )  - ( f n  - hnNinjm - ( ( e n  - g n )  - ( f n  - q u n i n j .  - 

( (42 .1  
= (2 .9  - 6.4) - (7.0 - 3.4) = ( -  3 .5 )  - (3 .6 )  = - 7.1 mn, 

- 39.2) - 65.1 - 4 8 . 7 ) )  - ( (45 .0  - 38.0) - (51 .8  - 48.4) )  

w h i l e  Fn15 was performed i n  a sanewhat d i f f e r e n t  way, t h e  e n t i r e  r o t a t i o n  
be ing  inc luded  a t  t h e  same time: 
Fn15: ((en - g15°ext.)  - ( f n  - h 1 5 ) ) ( i n j .  - u n i n j .  ) = - 7.2 l l ~ n  

Case  3: 
I n  t h i s  case t h e r e  were no abnormal v a l u e s  f o r  medial/lateral i n s t a b i l i t y  
or drawer  s i g n .  The v a l u e s  f o r  r o t a t i o n  were c a l c u l a t e d :  
Fn = ((e,  - 9,) - ( f n  - hn)) ( in j .  - u n i n j * )  = 1.6 mm < 3.0 m 

F15°ext. = ( (e15  - g15) - ( f 1 5  - h15) )  ( i n j .  - u n i n j . )  - 0 . 8  inj. - 4.4 u n i n j .  

= - 3 .6  mm, which is numer ica l ly  > 3.0. 

- 

This  means e x t e r n a l  r o t a t i o n  of t h e  i n j u r e d  knee  as compared wi th  t h e  
un in ju red  o e o n  t r a c t i o n ,  bo th  r o t a t i n g  inward (be ing  p o s i t i v e )  - and t h i s  
r e l a t i v e  r o t a t i o n  h a s  t o  b e  i n v e s t i g a t e d  i n  more d e t a i l .  

When t h e  foot i s  r o t a t e d  from t h e  n e u t r a l  p o s i t i o n  i n t o  15’ e x t e r n a l  
r o t a t i o n ,  w i thou t  force upon t h e  t i b i a :  

- (k - ” u n i n j .  - ( ( en  - e15 e x t .  ) - ( f n  - f15 ext. 1) = 

(41 .9  - 45 .6 )  - (51.2 - 46 .8 )  = - 8.1 INTI 

= (44.0 - 45.2)  - (52.5 - 50.6) = - 3.1 mn (k - Uinj. 
The un in ju red  knee, t hus ,  shows marked e x t e r n a l  r o t a t i o n  (which i s  nor- 

mal) when t h e  f o o t  i s  r o t a t e d  from 0’ t o  15’ e x t e r n a l  r o t a t i o n ,  whereas t h e  

i n j u r e d  knee  shows a n  i n h i b i t i o n  of t h i s  r o t a t i o n  so marked t h a t  (k - 
T h i s  i n h i b i t i o n  of nor- un in  j .  

ma1 e x t e r n a l  r o t a t i o n  i s  presumably due t o  a r e f l e x  muscle p r o t e c t i o n  of t h e  

- 
) = 5.0 mn by far  exceeds  t h e  c r i t i c a l  l e v e l .  
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i n j u r e d  j o i n t .  of F150 

i n d i c a t e s  t h a t  p a r t  of t h i s  r o t a t o r y  i n h i b i t i o n  i s  overcome by t h e  forward 

t r a c t i o n  on t h e  t ibia1 condyle.  However, as t h e  i n h i b i t i o n  was 5.0 mn, 

and t h e  r o t a t i o n  caused by t h e  t r a c t i o n  only  3.6 mm, t h e r e  o b v i o u d y  s t i l l  
remains r e s i s t a n c e  t o  r o t a t i o n  i n  t h i s  case. 

The e x t e r n a l  r o t a t i o n  found i n  t h e  c a l c u l a t i o n  

Opera t ion  showed, at  t h e  medial femoral ep icondyle ,  a very  s l i g h t  f r ay -  

i n g  of a small p a r t  of t h e  long  f i b r e s  of t h e  SKL. 

v i s i b l e  u n t i l  t h e  i n t a c t  l a y e r  of connec t ive  tissue, peritendineum, inves t -  

i ng  t h e  l igcment hod been s p l i t  i n  t h e  d i r e c t i o n  of t h e  f i b r e s .  

was comple te ly  i n t a c t .  

been due  t o  i n t a c t  nerve  f i b r e s  close t o  t h e  i n j u r e d  tissue which t r i e d ,  

v i a  t h e  r e f l e x  arc, t o  p r o t e c t  t h e  l igament  fran f u r t h e r  d e s t r u c t i o n  
(Palmer 1938).  

T h i s  f r a y i n g  was no t  

The D K L  

The i n h i b i t i o n  of r o t a t i o n  m u s t  be assumed t o  have 

Case  7: 
Measurement of F 

d i f f e r e n c e  w a s  so s l i g h t  t h a t  a p o s s i b l e  rounding t o  whole f i g u r e s  would in-  

= - 3.2 j u s t  exceeded t h e  cr i t ical  l e v e l  of 3.0 mn, b u t  the n 

c l u d e  i t  i n  t h e  "normal f ind ings" .  

l o c a t i o n  or sub luxa t ion  of t h e  p a t e l l a .  

Opera t ion  d i s c l o s e d  t h e  seque lae  of 

Case  10: 
Here G was 3.4 mm, which i s  . ju s t  t h e  cr i t ical  l e v e l  of G, which was no t  

ceeded, c f .  c a l c u l a t i o n  rule:; 3 and 4. 
Hn300 int. : Considercbly  i n t e r n a l ,  r o t a t i o n  i n  t h e  knee j o i n t  

30° i n t e r n a l  r o t a t i o n  of t h e  f o o t  (wi thout  p r e s s u r e  or t r a c t i o n )  i n  t h e  

j u r e d  than  i n  t h e  un in ju red  knee  ( d i f f e r e n c e  3.7 mn). 

d i s -  

ex- 

a t  

i n -  

o p e r a t i v e  f i n d i n g s :  A bucket-handle i n  j u r y  of t h e  la teral  meniscus 

which h a s  prevented  t h i s  i n t e r n a l  r o t a t i o n ,  as it  h a s  blocked t h e  a n t e r i o r  

movement of t h e  lateral  t ibia1 condyle  du r ing  t r a c t i o n .  

was not  d i s c l o s e d  du r ing  c l i n i c a l  e x m i n a t i o n  or du r ing  exan ina t ion  under 

g e n e r a l  a n a e s t h e s i a .  

Th i s  phenomenon 

Thus, as a l s o  emphasized i n  ( 5 )  and (6), t h e r e  i s  agreement between the 

parameters  measured and t h e  o p e r a t i v e  f i n d i n g s  i n  t h e  11 cases of t h i s  group 

i n  which t h e r e  was not  to ta l  r u p t u r e  of any l igament  and i n  which only t h e  
medial l igament was involved, or i n  which t h e  i n j u r y  was of tissues o t h e r  

than  l i gamen t s  (Toble 3 ) .  
In  Cases  2, 3, and 9 exan ina t ion  under g e n e r a l  a n a e s t h e s i a  also shaved 

no medial i n s t a b i l i t y .  

were t r u e  nega t ives ,  TN. 
Thus, i n  t h e  11 cases of t h i s  group t h e  measurements 



- 171 - 

Cases  12  - 24 i n c l .  m & e  up a sub-group c h a r a c t e r i z e d  by isolated i n j u r y  t o  

t h e  medial collateral  l igament ,  i n c l u d i n g  t h e  deep  l a y e r s  of t h i s  l i g a n e n t ,  

and a t  t h e  sme time s l i g h t  medial i n s t c b i l i t y ,  nea r ly  always less t h a n  4 mn. 

A s  i s  apparent  from Tcble ti, t h e  o p e r a t i v e  f i n d i n g s  are c h a r a c t e r i z e d  by 

r u p t u r e  of t h e  M L  and OKL,  p o s s i b l y  combined wi th  p a r t i a l  r u p t u r e  of t h e  

SKL, bu t  never  to ta l  r u p t u r e  of t h i s  structure. In  many cases t h e s e  par- 

t i a l  r u p t u r e s  were so s l i g h t  t h a t  t h e  peritendineum, t h e  connec t ive  tissue 
membrane i n v e s t i n g  t h e  pa rc i l l e l  f i b r e s  of t h e  l i g a n e n t ,  hod not  been t o r n ,  

and t h e  i n j u r y  p re sen ted  i t s e l f  merely as a small hoematoma benea th  i t .  Any 
minor d e f e c t  i n  t h e  l igament could  b e  pa lpa ted ,  but i n  sane cases i t  d i d  not 

appear  u n t i l  a f t e r  i n c i s i o n  of t h e  c o n n e c t i v e - t i s s u e  membrane a long  t h e  l i g a -  

ment f i b r e s .  Some r u p t u r e s  of t h i s  t y p e  are illustrated i n  F igu re  27 .  

1 

a b C 

F i g u r e  27: Ske tches  of p a r t i a l  r u p t u r e s  of t h e  SMCL 

a Case  20 
6 - Case  16 
c Case  21. - 
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I n  connection wi th Table 5 i t  must be mentioned, also, tha t  only posi- 

t i v e  operative f ind ings  are l i s t e d .  

rupture o f  the SKL", t h i s  impl ies tha t  the M L  and C X L  were conpletely 

i n tac t .  

Thus, where the tab le  states " p a r t i a l  

On scrutiny o f  Table 5 i t  i:; s t r i k i n g  tha t  the mechanism of trauma i n  

p r a c t i c a l l y  a l l  these cases consisted i n  abduction and external ro ta t i on  o f  

the t i b i a  i n  r e l a t i o n  t o  the femur and some degree o f  knee f lex ion.  

mechanism may be seen i n  T&le 3, i n  Cases 3 and 9, i n  which operation a lso 

revealed small, p a r t i a l  ruptures o f  the medial c o l l a t e r a l  ligaments. A s  i s  

apparent f rom Table 3, the same mechanism may sometimes l e d  t o  d is loca t ion  

o f  the  pa te l la .  I t  might be assumed, therefore, t ha t  i t  would be poss ib le  

t o  demonstrate external  ro ta to ry  i n s t c b i l i t y  by t r a c t i o n  (o r  r o t a t i o n  of the  

foot),  and i n  Toble 4 special a t ten t ion  should be given t o  the F values. 

Two features charocterize T tk le  4 i n  general: F i r s t ,  that  pos i t i ve  

The sane 

medial i n s t a b i l i t y  was demonstrdile i n  a l l  cases. 

and 

ro ta to ry  s t c b i l i t y .  

on actions or, i n  other words, 

I n  some cases (v ide i n f r a )  t h i s  was very marked. 

muscular resistance t o  movements which can fu r the r  danage the  l iganent. 

During l o c a l  anaesthesia, which removes the pain, and which was used i n  

a l l  these cases, i t  i s  ev ident ly  d i f f i c u l t  t o  block the proprioceptive re- 

ceptors i n  the l iganent  proper. 

i s  a special feature of p a r t i a l  ruptures; i n  t o t a l  ruptures the resistance 

t o  displacement has ceased. 

Secondly, the  very low 

i n  many cases negative values f o r  the parameters of anteroposterior o r  

The l a t t e r  ind icates that  the i n ju red  knee moves less  

puts  up resistance against displacements. 

I t  i s  caused by re f lex  

As observed already by Palmer (1938), t h i s  

Evidently, i t  i s  easier t o  wercane the r e f l e x  muscular resistance i n  

the f r o n t a l  plane, i n  which examination f o r  medial and l a t e r a l  i n s t a b i l i t y  

i s  performed, than i n  the s a g i t t a l  plane, i n  which the th igh  and lower-leg 

muscles r e s i s t  anteroposterior displacements o f  condyles carry ing p a r t i a l l y  

ruptured l iganents. This w i l l  be elucidated by the  fo l lowing cases. 

Case 18: W 

I n  t h i s  case poster ior  displacement on pressure (mean of both condyles) i n  

the in ju red  knee as compared w i th  the uninjured knee was D = -4.4 mm, i .e .  

d e f i n i t e l y  reduced. This ind icates a r e f l e x  muscle spasm. Before l o c a l  

anaesthesia was applied, i t  had manifested i t s e l f  as a contract ion s ta te  w i t h  
the knee i n  about 60' f lex ion .  

ccmpletely disappeared, and the f l e x i o n  defect was abolished. 

Under general anaesthesia the muscle spasm 
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Case 22: 
Here nea r ly  a l l  parameters  bear w i t n e s s  t o  muscular " locking"  of t h e  i n j u r e d  
knee. An te r io r  as well as p o s t e r i o r  d i sp lacement  i n  t h e  n e u t r a l  p o s i t i o n  i s  

less than  i n  t h e  un in ju red  knee, but wi thout  exceeding t h e  c r i t i ca l  l e v e l  
which, however, i s  g r e a t l y  exceeded by parameter E r e p r e s e n t i n g  t h e  to ta l  an- 
t e r o p o s t e r i o r  d i sp lacement  (5 .4  mn less i n  t h e  i n j u r e d  t h a n  i n  t h e  unin jured  
knee) .  

Rotatory F indings ,  Cases  12 - 24 
Case 22, cont inued:  Gn = -4.4 i n d i c a t e s  marked i n t e r n a l  r o t a t i o n  i n  t h e  
n e u t r a l  p o s i t i o n  on p res su re ,  and i n  o t h e r  words i n j u r y  t o  t h e  medial col- 
lateral l igamentous  appara tus .  Hn150 ext,, = 3.2 r e p r e s e n t s  reduced ex- 

t e r n a l  r o t a t i o n  of t h e  i n j u r e d  knee  on e x t e r n a l  r o t a t i o n  of t h e  foot wi thout  
any f o r c e  app l i ed ,  p robcbly  due t o  m u s c u l a r  defence .  Opera t ion  revea led  par- 
t i a l  r u p t u r e  only of t h e  SKL. 

Case 16: 
Medial i n s t a b i l i t y :  
o f  t h e  f o o t  and s imul taneous  p r e s s u r e  g i v e s :  
f o r  t h e  i n j u r e d  knee: ( ( e n  - g300 int .)  - ( f n  -h300 int .))inj .  = 5 . 3  mm, 

A = (cinj ,  - c  uninj. ) = 4.6 mm. 30' i n t e r n a l  r o t a t i o n  

p o s i t i v e , i n t .  rot. 
f o r  t h e  uninjlred knee: ( ( e n  - g300 int.) - ( f n  - h300 int .))  u n i n j .  = 8 . 9  m, 

Both v a l u e s  are w i t h i n  t h e  normal range  for  r o t a t i o n  of t h e  knee j o i n t  i n  
i n t e r n a l  r o t a t i o n  of t h e  f o o t ,  even wi thout  any force app l i ed ,  cf .  Addendum 

I ,  bottom of Tclble 23. 

p o s i t i v e ,  i n t .  rot .  

As t r a c t i o n  i s  cpp l i ed ,  t h e  un in ju red  knee  rotates more inward than  

t h e  i n j u r e d  knee  ( d i f f e r e n c e  ( i n j u r e d  - un in ju red )  = -3.6 mm = F n30° i n t  . ) '  
In  o t h e r  words, t h e  i n j u r e d  knee  i s  e x t e r n a l l y  r o t a t e d  as conpared wi th  t h e  
unin jured  knee. 
t h e  s igns .  
medial structures i n h i b i t i n g  a n t e r i o r  d i sp lacement  h a s  been altered by t h e  
medial rup tu re .  

This  acco rds  wi th  t h e  magnitude of t h e  figures and wi th  
The exp lana t ion  i s  t h a t  t h e  ba l ance  between p a s s i v e  lateral and 

C h a r a c t e r i s t i c s  of Sub-group Cases  25 - 57 
A l l  but one showed medial i n s t c l b i l i t y  exceeding 4 mn;and a l l  had r u p t u r e  
of t h e  a n t e r i o r  f i b r e s ,  & o u t  1 0  mm i n  width,  of t h e  SKL. Within  t h i s  group 
t h e r e  was one p a r t i a l  subsynovia l  r u p t u r e  of t h e  ICL (Case 37, Fig .  28) .  No 
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i n j u r i e s  t o  t h e  menisc i  were found i n  t h i s  group, t h u s  not  from Case  1 - 57, 
when d i s r e g a r d i n g  Case  10  and t h e  f a c t  t h a t  t h e  anchor ing  of t h e  meniscus has 

been de tached  as soon as t h e  deep collateral l igament h a s  rup tu red .  Thereby, 
t h e  mob i l i t y  of t h e  meniscus at long  s i g h t  w i l l  be altered, i f  t h e  deep l i g a -  

ment does  no t  h e a l  i n  sane way or o t h e r .  
va lue  fo r  lateral i n s t a b i l i t y  (Case 32).  

There was one false p o s i t i v e ,  FP, 

Case  28: 

This  case showed e x t e r n a l  r o t a t i o n  on t r a c t i o n .  P a r a n e t e r  F = -3.5 mm, i n -  
d i c a t i n g  o b n o r m l  ex terna l .  r o t a t i o n .  

n 

I n  t h i s  case t h e r e  w a s  to ta l  r u p t u r e  of t h e  SKL as well as of t h e  
M L  . 

Case  33: 
In t h i s  case t h e r e  was g r e a t l y  restricted a n t e r i o r  d i sp lacement  i n  t h e  in -  
j u r e d  knee  as compared wi th  t h e  un in ju red  one on t r a c t i o n  (C = -4.9 mm). 

T h i s  a l s o  e n t a i l e d  to ta l  cmte ropos te r io r  d i sp lacement  (E  = -5.5 mn). 

s i d e r i n g  t h a t  t h e  ope ra t ion  d i s c l o s e d  p a r t i a l  r u p t u r e  of t h e  W L ,  i t  i s  
reasonab le  t o  i tnoginelin t h i s  case too, a r e f l e x  m u s c u l a r  r e s i s t a n c e  t o  
t h e  movement. 

Con- 

The ShCL was t o t a l l y  rup tu red ;  

Case  35: 
Opera t ion  r evea led  to ta l  r u p t u r e  of t h e  SKL, K L ,  and CKL at t h e  d i s t a l  
a t tachment  on t h e  t ibia .  Thus, 
a long  wi th  t h e  femur, be ing  l i f t e d  from t h e  t i b i a .  

i n  wr igg l ing  movements t h e  meniscus went 

On p r e s s u r e  on t h e  t i b i a  i n  t h e  n e u t r a l  p o s i t i o n ,  i n t e r n a l  r o t a t i o n  
of t h e  i n j u r e d  l e g  (-0.3 mm) - was found, and t h e  d i f f e r e n c e  from t h e  oppo- 
s i te  knee (which r o t a t e d  outward) c l e a r l y  exceeded t h e  cr i t ical  l e v e l  of 
3.4 mn, being  Gn = -4.8 mn. T h i s  r o t a t i o n  was no t  found u n t i l  after t h e  
i n t r o d u c t i o n  of t h e  a l g e b r a i c  formulae for  r o t a t i o n .  

Case  37: 
Ne i the r  c l i n i c a l  examination, gonylaxometry, nor e x m i n a t i o n  under g e n e r a l  
a n a e s t h e s i a  could  r e v e a l  any drawer s ign .  Opera t ion  revea led  a small sub- 

synovia l  r u p t u r e  of t h e  K L  with  subsynoviol haemorrhoge. 
count  of p o s i t i v e  and n e g a t i v e  f i n d i n g s  i n  t h e  c a l c u l a t i o n  of Table 3 i n  
( 5 )  t h e  e v a l u a t i o n  i s  des igna ted  FN, marked by an  a s t e r i s k  i n  Table  
Addendum. 

In  t h e  cr i t ical  

7 of this 

However, it i s  prcbobly more reasonoble  t o  d e s i g n a t e  t h e  f ind-  
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i n g  TN. 

therefore, t h e  measurement i s  t d t e n  t o  be TN. 
be expected t o  g i v e  r i s e  t o  a drower sign, i s  depic ted i n  F ig .  28. 

I n  the  subsequent t o t a l  analys is  o f  t h e  m a t e r i a l  ( ( 5 )  pp. 307 - 308), 
The smal l  i n j u r y  which cannot 

F igure 28: Sketch o f  t h e  i n j u r y  i n  Case 37. P a r t i a l  i n j u r y  t o  the ACL, the  

anteromedial f i b r e s  having b u r s t  subsynovial ly - and a t  operat ion 

the  i n j u r y  was p r i m a r i l y  v i s i b l e  only as a subsynovial hoematoma. 

was t o t a l l y  ruptured, showing a f rayed tear  i n  the  middle. 

hod been t o r n  o f f  t h e  attachment on the d i s t a l  p a r t  o f  t h e  epicondyle where 

there  was a denuded bony area. 

d i s t u r b  t h e  impression o f  the  i n j u r e d  KL. 

The SKL 

The M L  and M L  

The i n t a c t  pCL i s  n o t  depicted i n  order not t o  
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Case 38: 

This case, showing 

recorded as having 

pressure o f  30 kg. 

i so la ted  t o t a l  rupture o f  the SKL,  was previously (6) 

a pos i t i ve  - h t e r n a l  r o t a t i o n  o f  the  i n ju red  knee during 

The d i f ference between the poster ior  displacement of 

the i n ju red  and uninjured t i b i a 1  condyle on pressure i n  the neut ra l  posi- 

t i o n  was: 

f o r  the medial condyles: 4.0 mm ( in ju red  > uninjured) 

f o r  the l a t e r a l  condyles: 1.3 mm 

Di f ference 2.7 mm 
-- 

Whether t h i s  i s  t o  be considered pos i t i ve  ro ta t i on  depends upon the 

c r i t i c a l  l e v e l  chosen, v iz .  whether i t  i s  f e l t  reasonable t o  use 90% or 

95% or an even higher upper confidence l i m i t  f o r  normal values. 

confidence l i m i t  f o r  normal values o f  Gn may be found i n  Addendum I, Table 

30 i n  which x = 1.33 and SD = 0.95 mn. Geigy's tables (1960) show tga = 

1.2991 f o r  P = 0.1 ( 2  P = 0.2) and degrees o f  freedom N - 1 = 49. 
n a n d  90% l i m i t ,  then, w i l l  be: x + tZa SD = 1.33 + 1.2991 x 0.95 = 2.56 

mn. 

Thus, the value f o r  ro ta t i on  of 2.7 mn i s  between 90"A and 95% upper conf i -  

dence l i m i t .  

I n  paper ( 6 )  i t  i s  included as pos i t i ve .  

er l i m i t s  suggested i n  Addendum I, 972;%, the value has t o  be re jected as a 

representative o f  established rotatory  i n s t a b i l i t y .  

The 90% 

The 

Calculated i n  the same way the 95% upper l i m i t  w i l l  be: 2.92 mn. 

I f  t h i s  i s  f e l t  to be acceptd le ,  there i s  pos i t i ve  ro ta t ion .  

But when using the  somewhat s t r i c t  

Case 39: 

@era t ion  disclosed d i s t rac t i on  of the f i b r e s  i n  the e n t i r e  width of the 

SKL, but 

eum. 

i n t o  the posteromedial capsule. 

a border l ine case between p a r t i a l  and t o t a l  rupture. 

was qu i te  marked, and a s l ight ,  f u r the r  act ion would have en t i re l y  i n t e r -  

rupted the  cont inu i ty  (Fig. 29) A = 4.6 mm. 

the cont inu i ty  o f  the l iganent  was preserved by the peritendin- 

There was t o t a l  rupture of the M L  and W L ,  continuing backward 

The rupture i n  the S K L  must be said t o  be 

The medial i n s t a b i l i t y  

Calcu lat ion o f  r o t a t i o n  f o r  each knee separately: 

i n ju red  knee: (e - g) - ( f  - h) = 4.5 - 5.3 = -0.8 mn, negative, which 

means external  rotat ion, 

uninjured knee . . . . . . . . . . . . . . . . . . .= 8.3 - 5.6 = 2.7 mn, pos i t ive,  which 

means in te rna l  rotat ion, 

shows i n  the in ju red  knee external r o t a t i o n  o f  s l i g h t  extent due t o  an altered 

l iganent  balance. 

expected i n  normal knees. 

(-0.8) - (2.7) = -3.5 mm. 

I n  the uninjured knee there i s  i n te rna l  r o t a t i o n  l i k e  that 

The d i f fe rence between the two knees, Fn150 ext = 

This i s ,  even a f t e r  rounding t o  whole figures, un- 
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Figure  2 9 :  Sketch o f  t h e  r u p t u r e  i n  Case  39. 
X L  as well as of t h e  D K L  and W L .  

A t  t h e  t o p  t h e  r u p t u r e  i n  t h e  
A t  t h e  bottom only  t h e  

r u p t u r e  i n  t h e  u X L  
g r e a t l y  d i s t e n d e d  and shows a f r ayed  tear, b u t  t h e  c o n t i n u i t y  is preserved .  

This  i s  midway between p a r t i a l  

t i v e  a l s o  of Case 41. 

and M L  and i n  t h e  pos te romedia l  copsu le .  The S K L  is 

and t o t a l  r u p t u r e ,  T h i s  f i g u r e  is r ep resen ta -  
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Case 41: 
Marked nega t ive  values,  i n  p a r t i c u l a r  fo r  C, v i z .  a n t e r i o r  d i sp lacement ,  i n -  

d i c a t e  t h a t  t h e  i n j u r e d  l e g  i s  f i x e d ,  w h i l e  t h e  un in ju red  leg moves forward. 

The same a p p l i e s  when c a l c u l a t i n g  r o t a t i o n s .  

sia was no t  s u f f i c i e n t  t o  a b o l i s h  t h i s  spasm. 

I n  o t h e r  words, local anaesthe- 

Case 43 :  

I n  t h i s  case e x t e r n a l  r o t a t i o n  wi thou t  t r a c t i o n  j u s t  exceeded t h e  cr i t ical  

l e v e l .  The d i f f e r e n c e  was e l imina ted  on t r a c t i o n  (Table  6). 

Case  45: 
I n  t h i s  case Gn = -3.7 r e p r e s e n t s  i n t e r n a l  r o t a t i o n  on p r e s s u r e .  

Case  4 9  
e x h i b i t e d  marked e x t e r n a l  r o t a t i o n  of t h e  i n j u r e d  knee, t h e  p o s i t i o n  of t h e  

foot a l t e r i n g  from 0' t o  15' e x t e r n a l  r o t a t i o n ,  calculated by H = -4.0 mn. 

This  was due, almost exc lus ive ly ,  t o  a n t e r i o r  d i sp lacement  of t h e  r i g h t  

medial t i b i a 1  condyle  of t h e  i n j u r e d  knee, because  of to ta l  r u p t u r e  of t h e  

X L ,  DKL, and W L .  

Case 50: 
Two months p rev ious ly  t h i s  p a t i e n t  had sus t a ined  a f o o t b a l l  trauma, con- 

s i s t i n g  i n  abduct ion  and e x t e r n a l  r o t a t i o n  of t h e  t i b i a  w i th  f l e x e d  knee. 
He s u s t a i n e d  a new, e n t i r e l y  ana logous  trauma imned ia t e ly  b e f o r e  admission. 

+ e r a t i o n  r evea led  an  o l d e r  r u p t u r e  of t h e  X L  as well as t h e  M L  and 

W L .  A l l  were r e t r a c t e d  and rolled-up, club-shaped, and t h e  f ragments  

wer'e d i s p l a c e d  f a r  from each o the r .  

In s t ead ,  t h i n ,  plaque-shaped c i c a t r i c i a l  tissue had grown over  t h e  i n j u r y  

on t h e  medial a s p e c t  of t h e  knee, and t h i s  tissue had ruptured  at  
lat ter,  f r e s h  i n j u r y .  The p a t i e n t  was c l a s s i f i e d  anong t h e  f r e s h  i n j u r i e s ,  

because t h e  pathology was so clear. 

and F150 

s igna ted  as p o s i t i v e  r o t a t i o n .  
c r i t i ca l  l e v e l  f i x e d  i n  Addendum I ,  so t h a t  t h i s  f i n d i n g  w i l l  h e r e a f t e r  b e  

des igna ted  nega t ive .  

In o t h e r  words, t h e r e  was no hea l ing .  

t h e  

A t  gonylaxometry h e  had Fn = -2.5 mn 

= -2.1 mm, and on t h i s  basis h e  h a s  p rev ious ly  (6) been de- e x t  . 
However, t h e s e  v a l u e s  are c l e a r l y  below t h e  

Case  52: 

There was & n o r m 1  e x t e r n a l  r o t a t i o n  on r o t a t i n g  i h e  f o o t  15' outward from 
t h e  n e u t r a l  p o s i t i o n  wi thout  app ly ing  f o r c e :  Hn150 = - 3 . 6  mm. 
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n15' When t h e  i n d i v i d u a l  components are cons ide red ,  t h e  expres s ion  H 

is  made up o f :  

(k - 
(k - "unin j .  
This r o t a t o r y  i n s t a b i l i t y  was not  mentioned i n  (6). 

= -7.2 mn: marked e x t e r n a l  r o t a t i o n ,  

= -3.6 mn: moderate e x t e r n a l  r o t a t i o n .  

Case 54: 
In  t h i s  case t h e r e  was &normal i n t e r n a l  r o t a t i o n  on p r e s s u r e  on t h e  i n j u r e d  

knee: 

Gn = ( ( i  - e )  - ( j  - f ) ) ( i n j .  - uninj.) = (-0.2Iinj. - (+qninj. = -4.3 mn. 

Normally t h e  knee  rotates outward on p r e s s u r e  and g i v e s  a p o s i t i v e  v a l u e  l i k e  

t h a t  found for t h e  un in ju red  leg. 

v iz .  i n t e r n a l  r o t a t i o n  which becomes r e a l l y  marked on t h e  background of t h e  

marked e x t e r n a l  r o t a t i o n  i n  t h e  un in ju red  l e g .  

ed i n  (6). 

I n  t h e  i n j u r e d  leg t h e r e  i s  a n e g a t i v e  va lue ,  

Th i s  case was also not  record- 

I n j u r i e s  t o  t h e  Latera.1 C o l l a t e r a l  L iganent  

P a r t i a l  i n j u r i e s  t o  t h i s  l igament were found i n  t w o  cases of f r e s h  j o i n t  

traumas, Cases  58 and 59. 

I n  bo th  cases o p e r a t i o n  showed r u p t u r e  i n  t h e  form of f r a y i n g  of 

one- th i rd  of t h e  f i b r e s ,  w i th  comple te ly  p re se rved  c o n t i n u i t y  of t h e  l i g a -  

ment. 

middle. The measurements m u s t  be  s a i d  t o  be TN, t rue nega t ives ,  also wi th  

regard t o  lateral i n s t a b i l i t y .  

Ne i the r  of them e x h i b i t e d  lateral i n s t a b i l i t y .  

&out  

I n  one case t h e  l o c a l i z a t i o n  was d is ta l ,  i n  t h e  o t h e r  at &out t h e  

Sumnary of Cases  25 - 59: - 
The most marked medial i n s t a b i l i t i e s ,  when - no t  comparing wi th  t h e  unin jured  

l e g  as i n  t h e  s t anda rd  method, were i n  Case 38: 20.2 mn and i n  Case 43:  19 .8  

mm. In  t h e  last s i x  columns of t h e  t d l e s  t h e  results are l i s t e d  as TN, TP, 

FN, etc. 
r u p t u r e s  of t h e  lateral  collateral  l i g a n e n t ,  only t o  medial i n s t o b i l i t y  and 
t h e  drawer s ign .  

These d e s i g n a t i o n s  -ply also i n  Cases  58 and 59 who had p a r t i a l  

Seven new, no t  p rev ious ly  recognized  r o t a t o r y  i n s t d i l i t i e s  were found, 

Cases  16, 22, 35, 39, 45, 52, and 54, exceeding  t h e  new, h i g h e r  cr i t ical  
l e v e l s .  

In  cases showing p a r t i a l  ruptures at o p e r a t i o n ' -  and i n  cases i n  which 

t h e  l i g a n e n t  f i b r e s  ha1 rup tu red  b u t  were situated benea th  t h e  i n t a c t  connec- 

t i v e - t i s s u e  membrane of' t h e  l igament  - gonylaxometry o f t e n  showed i n h i b i t i o n  
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of t h e  a-p mob i l i t y  of t h e  condyle  which carried t h e  i n j u r e d  l igament .  

i n h i b i t i o n  m u s t  b e  assumed t o  b e  r e f l e x ,  muscular and due  t o  unbrdcen nerve 

f i b r e s  i n  t h e  o the rwise  des t royed  tissue - or perhaps  i n  t h e  preserved  

c o n n e c t i v e - t i  ssue menbrane enshea th ing  t h e  l igament .  

This  

Poss ib ly ,  f u r t h e r  r o t a t o r y  i n s t c b i l i t i e s  would be d i s c l o s e d  if t h e  pa- 
t i e n t s  were examined under g e n e r a l  anaes thes i a ,  as most of t h e  trauma mech- 

anisms i n c l u d e  a r o t a t i o n  canponent.  On t h e  o t h e r  hand, t h e r e  would no 

doubt b e  a r i s k  of f u r t h e r  r u p t u r e  of p a r t i a l l y  i n j u r e d  l igaments .  

connec t ion ,  i t  should b e  mentioned t h a t  gonylaxanet ry  performed w i t h  local 

anaes thes i a ,  as done i n  t h e  p r e s e n t  series, d o e s  not  c o n v e r t  a p a r t i a l  rup- 

ture i n t o  a to ta l  one. 

t i a l  r u p t u r e s  a t  subsequent ope ra t ion .  

I n  t h i s  

Th i s  i s  evidenced by t h e  numerous f i n d i n g s  of par- 

An a t t e n p t  at ana lys ing  t h e  o p e r a t i v e  f i n d i n g s  i n  r e l a t i o n  t o  t h e  mech- 
anism of t h e  i n j u r y  shows t h a t  i n  t h e  most cmmon mechanism, v i z .  &duction- 

e x t e r n a l  r o t a t i o n  f l e x i o n ,  t h e r e  occur to ta l  as well as p a r t i a l  r u p t u r e s  
of t h e  SKL as well as p a r t i a l  or t o t a l  r u p t u r e s  of t h e  M L  and W L ,  and 

l a s t l y  va r ious  combina t ions  the reo f .  Th i s  i s  no  doubt due t o  t h e  numerous 

p o s s i b i l i t i e s  of c a n b i n a t i o n  i n h e r e n t  i n  t h e  named mechanism of i n j u r y  i n  

t h e  degree of f l e x i o n  or r o t a t i o n ,  or a n t e r o p o s t e r i o r  f o r c e s ,  or &duction. 

Accordingly, t h e r e  i s  a p o s s i b i l i t y  of t o t a l  r u p t u r e s  of t h e  M L  or W L  
without  r u p t u r e  of t h e  X L  and r e v e r s e l y  of t o t a l  r u p t u r e s  of t h e  SMCL 

without  r u p t u r e  of t h e  M L  and OKL. 

Cases  60 - 90: 
These cases r e p r e s e n t  i n  j u r i e s  i n  

t h e  cruciate l igaments .  

which o p e r a t i o n  d i s c l o s e d  involvement of 

(e-g) + t f -h)  > 7.4 mn, 
2 

o r  t h e  d i f f e r e n c e  ( i n j u r e d  - un in ju red )  > 3.0 mn f o r  t h e  a n t e r i o r  drawer 

(i-e) + ( j - f )  > 5.4 mm or t h e  d i f f e r e n c e  ( i n j u r e d  - un in ju red )  > s i g n  and 
3.0 mn f o r  p o s t e r i o r  drawer s ign .  

Therefore ,  t hey  have CI drawer  s ign ,  d e f i n e d  by 

2 

I f ,  apart from a drawer s ign ,  t h e r e  i s  r o t a t i o n ,  t h i s  i s  c a l l e d  complex 

r o t a t i o n .  I f  t h e  d i f f e r e w e  between t h e  i n j u r e d  and un in ju red  j o i n t  i s  

used ,  t h e  hove-mentioned expres s ions  have t o  b e  f u l f i l l e d ,  and t h e  d i s -  

placement of one condyle  m u s t  exceed t h a t  of t h e  o t h e r  one by a g i v e n  number 

of mn ( s t i l l  i n  r e l a t i o n  to t h e  un in ju red  knee) .  
as t h i s  i s  equ iva len t  t o  t h e  inaccuracy  of t h e  measurement. 

I n  ( 6 )  2 mn were chosen, 

I t  i s  p o s s i b l e  a l s o  to employ t h e  expres s ions  used so f a r  f o r  s imple  r o t -  
a t i o n  (F, G, and H )  and demand t h a t  t h e i r  critical l e v e l  h a s  been exceeded to  
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t a l k  &out ro ta t i on  i n  connection wi th a drawer sign. 

e l s  w i l l  b e  3.0 mn and 3.4 mn i n  ce r ta in  cases. 

comparison o f  condylar movements l i k e  tha t  done i n  (6). 

Then, the c r i t i c a l  lev- 

They correspond t o  simple 

Whether the higher c r i t i c a l  l e v e l  used here i s  t o  be applied i n  the 

evaluation i s  a matter of estimate, as there i s  no "normal value'' i n  the 

proper sense wi th  which t o  compare ( the normal subjects d id  not have a "drawer 

sign without &normal ro tat ion") .  However, i t  must be reasonable t o  use the 

sane c r i t i c a l  l e v e l  f.or the  terms r e l a t i n g  t o  simple and complex rotatory  in -  

s t  hi l i t y  . 

Case 60: 

This pa t ien t  was a d m i t t e d  wi th a f resh haemarthrosis of the  knee, and t h i s  i s  

why he was assigned t o  t h i s  group. However, he had a h i s to ry  o f  an untreated 

posttraumatic haemarthrosis 2 months previously. The operation showed a 

f resh i n j u r y  of the M which had been avulsed f r o m  the capsule pos ter io r ly  

and from the M L  and W L  which were t o t a l l y  ruptured. The M was d is -  

placed i n t o  the  j o i n t  chanber an ter io r  t o  the medial femoral condyle, 

and i t  locked the knee. 

sign. 

This i s  the explanation of the &sence o f  a drawer 

The SKL and the LCL were exposed, but  both proved in tac t .  

Toble 8 shows how stress radiogrophy revealed a s l i g h t  draver sign 

when the pa t ien t  was 

Fig. 30 i t  w i l l  be seen how i t  may be imagined tha t  the medial femoral con- 

dyle, and thereby an an ter io r  drawer sign, i s  blocked i n  the neutra l  posi- 

t ion, whi le  external  r o t a t i o n  o f  the foo t  and knee can p a r t i a l l y  loosen 

lock ing mechanism. 

examined with 15' external ro ta t i on  o f  the foot .  From 

t h i s  

The antero-medial two- th i rds  t o  three-quarters of the KL proved t o  be 

ruptured, and were lying, already atrophic, a t  the bottom of the j o i n t  - 
ind ica t ing  tha t  the c ruc ia te  l iganent  i n j u r y  must have occurred a t  the former 

trauma two months previous1.y. 

The c l i n i c i a n  found a t  admission pos i t i ve  medial i n s t a b i l i t y  and a 

p o s i t i v e  an ter io r  drawer sign, l i s t e d  i n  the respective columns of Table 9 

as TP. I n  an exminat ion  under general anaesthesia both had been found t o  

be negative, and i n  the cal.culation of the PV 

as FN, as the  assessment has 

t o  the c l i n i c i a n ' s  positive! f indings. 

grcphic evaluations. The aster isk  a t  the TN in , the  las t '  column, however, i n -  

dicates tha t  i n  analysing the PV and PV i n  the t o t a l  material, as a l -  
POS neg 

ready stated i n  ( 5 ) ,  a negative d r w e r  sign a t  gonylaxometry i n  the neutra l  

pos i t i on  i s  c l a s s i f i e d  as TN, as i t  hod been demonstrated tha t  i n  general 

and PVnq they were l i s t e d  

t o  be s t r i c t  and because they are i n  contrast 
POS 

The same cppl ies t o  the stress radio- 
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p a r t i a l  r u p t u r e s  of t h e  cruciate l igamen t s  gave  nega t ive  results i n  an teropos-  

terior measurements. 

e x t e r n a l l y  rotated p o s i t i o n  d i d  not  a l ter  t h i s  c l a s s i f i c a t i o n  which i s  strict- 
l y  r e se rved  f o r  measurements w i th  t h e  f o o t  i n  a n e u t r a l  p o s i t i o n .  

The p o s i t i v e  f i n d i n g  of a n  a n t e r i o r  drawer s i g n  i n  t h e  

S u f f i c e  it h e r e  t o  e s t a b l i s h  t h a t  t h e  measurement beccme p o s i t i v e  i n  ex- 

t e r n a l  r o t a t i o n  of t h e  f o o t ,  presumably i n d i c a t i n g  a n t e r i o r  i n s t h i l i t y  after 
p a r t i a l  a b o l i t i o n  of t h e  menisca l  b locking .  

Case  61: 

Gony laxmet ry  r evea led  a s l i g h t l y  &normal e x t e r n a l  r o t a t i o n  on p r e s s u r e  wi th  

t h e  f o o t  i n  a n e u t r a l  p o s i t i o n  (G = 4.8). 

prev ious ly .  Opera t ion  d i s c l o s e d  total  or p r a c t i c a l l y  total ,  r u p t u r e  of t h e  

ACL wi th  a t a r t ,  i n t a c t  s y n o v i d  61d  p o s t e r i o r l y ,  p o s s i b l y  c o n t a i n i n g  

l igament f i b r e s .  

t o  ne rve  f i b r e s  i n  t h i s  synovio l  f o l d .  Moreover, t h e  o p e r a t i o n  showed rup- 

ture of t h e  DMCL and OhCL which had also not  been demonstrated by t h e  stress 
radiography or by t h e  o t h e r  examinat ions  

T h i s  h a s  not been demonstrated n 

The "nega t ive  a n t e r i o r  drawer s ign"  (Cn) was presumably due  

done. 

Case  64: 
The c r i t i ca l  l e v e l  f o r  a n t e r i o r  drawer s i g n  (3 .0  mn) was only j u s t  exceeded 

(Cn = 3.2 mn). On t h e  o t h e r  hand, t h e  critical l e v e l  or total an tero-  

p o s t e r i o r  d i sp lacement  i n  t h e  n e u t r a l  p o s i t i o n  (3 .0  mn) was c l e a r l y  exceeded: 

E = 5.1 mn. T h i s  means a p o s i t i v e  a n t e r i o r  drawer s ign .  G = -4.1 s i g n i -  
f i e s  i n t e r n a l  r o t a t i o n  on p res su re .  In f a c t ,  t h i s  is r e l a t i v e ,  as e x t e r n a l  

r o t a t i o n  occurs, but  less than  i n  t h e  unin jured  knee, p re su rnd ly  because 

of i n h i b i t o r y  i n p u l s e s  from t h e  p a r t i a l  i n j u r y  t o  t h e  i l i o t i b i a l  tract 
(avulsed  wi th  a small c h i p  of bone from Gerdy' s t u b e r c l e ) .  

n n 

Case  65: 

This  p a t i e n t  exh ib i t ed ,  i n  t h e  sane way, reduced e x t e r n a l  r o t a t i o n  i n  t h e  

i n j u r e d  knee  on p res su re ,  and t h u s  a r e l a t i v e  i n t e r n a l  r o t a t i o n  (Gn = -5.1 

mn). 
t h e  p rev ious  cases (TN drawer i n  p a r t i a l  r u p t u r e ) .  

t i a l  KL rup tu re .  

The a s t e r i s k  i n  t h e  last 'column of Table 9 s i g n i f i e s  t h e  sane as i n  
Opera t ion  revea led  par- 

Case  66: 
, A s  i n  Case  60, i t  was not  p o s s i b l e  t o  demonst ra te  a drawer s i g n  i n  t h e  

n e u t r a l  p o s i t i o n  from which t h e  PV- and PV were c a l c u l a t e d .  The aster- 
tf- neg 
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isk  a t  TN, a t  the bottom o f  the  l a s t  column, indicates, as i n  Case 60, that  

the case was l a t e r  considered TN, because normally i t  i s  not poss ib le  t o  

demonstrate a drawer sign i n  the neut ra l  pos i t i on  i n  cases wi th p a r t i a l  rup- 

tu re  o f  the K L .  

on measurement wi th  the foo t  i n  15O external ro ta t ion .  

t o  the meniscus. 

Again i n  analogy w i th  Case 60, the  sign was demonstrated 

There was no i n j u r y  

Case 68: 

exhibited a f resh i n j u r y  i n  the right knee ( the i n j u r y  w i t h  which we are now 

dealing) and a four-year-old i n j u r y  t o  the 

s t c b i l i t y  medial ly as we l l  as anteroposteriorly, the l a t t e r  marked. This 

rendered i t  d i f f i c u l t  t o  perform the examinations, both the c l i n i c a l ,  the 

one under anaesthesia, amf the  gonylaxometry, as a comparison of the two 

knees was inapplicable. 

and the f ind ings  were then compared w i th  the normal range stated i n  Addendum 

l e f t  knee w i th  pers is tent  i n -  

:Instead, each knee had t o  be assessed separately, 

1. 

The st ress rodiographic measurements are as follows: 

Anterior i ns tab i l i t y , ,  calculated as the mean of the displacements of 

the medial and l a t e r a l  condyle: 

r i g h t  knee ( f resh  i n j u r y )  : 8.6 mn > 7.4 mm 

l e f t  knee (o ld  i n j u r y )  15.7 mn > 7.4 mm. 

Posterior d i  splacemen t, r .igh t knee: 

l e f t  knee: 9.5 m > 5.4 m. 

Total anteroposterior displacement: r i g h t  13 .1  mn > 11.7 mn 

l e f t :  25.2 mn > 11.7 mm 

Rotation on t rac t i on  ((e-g) - ( f -h) ) ,  r i g h t :  4.2 m < 5.9 mn 

l e f t :  4.2 mn < 5.9 mn 

4.5 mm < 5.4 mm 

Rotation on pressure ((i-(3) - ( j - f ) ) ,  r i g h t :  -1.4 mn ) w i t h i n  c r i t i c a l  
) l i m i t s :  

l e f t :  2.4 mm ) -1.9 - 6.7. 

The column of f igures  on the r i g h t  const i tu tes the  974% confidence l im i t s ,  

as stated i n  Addendum I, Tables 19, 29, and 30. A comparison shows tha t  the 

r i g h t  knee exceeds the l i m i t s  i n  measurement o f  the an ter io r  and t o t a l  d is -  

placement. 

the r i g h t  knee. 

I n  other words, an an ter io r  drcnver sign has been demonstrated i n  

As regards the l e f t  knee, both an an ter io r  and a poster ior  drawer sign 

have been demonstrated. 

side. 

Rotatory i n s t a b i l i t y  was not demonstrdle on e i ther  
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Figure 30: Case 60: Injury to the l e f t  knee. A t  the top 'the knee i s  shown 

from the anterior aspect. There i s  t o t a l  rupture of the M L  

The anteranedial f ibres of the KL are and W L ,  but no in jury t o  the S K L .  

ruptured i n  &out two-thirds of i t s  width, and the fragments are atrophic. 
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Legend to  F ig .  30 contd .  

The Md h a s  curled up i n  f r o n t  of t h e  medial  femora l  condyle  (ha tched  and 

cross-hatched, t h e  latter i n d i c a t i n g  t h e  curled-up p o s t e r i o r  p a r t ) .  The 

bottom p a r t  of t h e  drawing i l lustrates t h i s  on t h e  l e f t  t i b i a  viewed from 

above. The LM i s  i n  s i t u .  The M i s  cur led-up  i n  f r o n t  of t h e  c o n t a c t  

a rea  between t h e  medial t i b i a l  condyle  and t h e  medial femoral condyle  wi th  

the knee i n  90' f l e x i o n .  

ind ica ted  by curved ha tch ing .  

s t r a i g h t  f o m a r d ) , a n t e r i o r l y  ( t o  t h e  r i g h t  on t h e  pape r )  t h e  foot, and t ibia ,  
i n  e x t e r n a l  r o t a t i o n .  

The c o n t a c t  area i s  f roned  by broken l i n e s  and 
Most p o s t e r i o r l y  t h e  n e u t r a l  p o s i t i o n  ( f o o t  

That t h i s  p o s i t i o n  of t h e  meniscus should prevent  a n t e r i o r  displacement 

of t h e  t i b i a  i n  t h e  n e u t r a l  p o s i t i o n  on t r a c t i o n  i s  no t  d i r e c t l y  ev iden t ,  

as b locking  of t h e  medial condylar  movement sets i n  when an a t t empt  i s  mode 
t o  p r e s s  t h e  condyle  backward a g a i n s t  t h e  femoral condyle.  Th i s  i s  c l e a r l y  

shown by t h e  f i g u r e s  frcm t h e  stress r d i o g r c p h y :  

p o s t e r i o r  i n s t a b i l i t y  f o r  t h e  l e f t  ( i n j u r e d )  knee: 
medial  condyle  ( j  - f ) :  1.1 mn 

p r e s s u r e  30 kp: 

f o r  t h e  r i g h t  medial condyle  (j - f ) :  3 .4  mm. 

The r i g h t  and l e f t  lateral  t i b i a l  condy les  move equa l ly  on p res su re ,  v i z .  4 . 6  

and 4.7 mn. 

The exp lana t ion  of t h e  b lock ing  on t r a c t i o n  l ies i n  r o t a t o r y  movements 

and i s  g iven  below: 
On t r a c t i o n  30 kp: 

t h e  medial  condyle  moves more on t h e  i n j u r e d  s i d e  ( 7 . 1  a g a i n s t  4.1 mn), and 

so does  t h e  lateral  t i b i a l  condyle  ( 7 . 7  a g a i n s t  5 . 8  mm). 

However, t h i s  i s  not  s u f f i c i e n t  f o r  t h e  d i f f e r e n c e  between t h e  mean v a l u e s  

t o  exceed t h e  cr i t ical  l e v e l  of a p o s i t i v e  drawer s ign .  Under normal con- 

d i t i o n s  t h e  lateral  t i b i a l  condyle  moves more than  t h e  medial one. 

o t h e r  words, a n  i n t e r n a l  r o t a t i o n  normally occurs. Such a r o t a t i o n  was 

i n h i b i t e d  by t h e  cur led-up  meniscus i n  f r o n t  of t h e  medial  femora l  condyle.  

From t h e  bottom drawing on t h e  r i g h t ,  where e x t e r n a l  r o t a t i o n  h a s  been 
f o r d  and t r a c t i o n  can  be app l i ed ,  i t  w i l l  b e  seen t h a t  now t h e  b locking  

has  been unlocked, and on t r a c t i o n  an i n t e r n a l  r o t a t i o n  ought t o  occur: t h e  

lateral t i b i a l  condyle  ought t o  b e  &le t o  move p a r t i c u l a r l y  f a r .  

deed it does i n  t h i s  case: 

Anterior d isp lacement :  

i n  i n j u r e d  knee: L. lateral  condyle :  11.1 mm 

L. medial condyle :  7.0 mn 

I n  

per- 

And in -  

(mean 9.1 mn) 
i n  un in ju red  knee:R. 1a t e ra . l  condyle:  6.2 mn 

R. medial condyle:  3 .7  mn 
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I t  w i l l  b e  seen t h a t  i f  comparison between t h e  p a t i e n t ' s  two knees  

had been made, t h e  r igh t - s ided ,  f r e s h  a n t e r i o r  drawer s i g n  would have been 

c o n p l e t e l y  "drowned" i n  t h e  very  marked, old l e f t - s i d e d  drcmer s i g n .  
t h e  drawer s i g n  was estimated as n e g a t i v e  at  t h e  c l i n i c a l  examination. 

Thus, 

For t h e  medial and lateral  i n s t a b i l i t y  t h e  d i f f e r e n c e s  between t h e  

r i g h t  and l e f t  knee are s t a t e d  (Tab le  8), b u t  they  d o  not  exceed any cr i t ical  
l e v e l  f o r  medial  o r  lateral i n s t a b i l i t y .  Ne i the r  d o  t h e  r i g h t  or l e f t  medial 

and lateral  i n s t a b i l i t y  measurements when each i s  canpared wi th  normal va lues .  
Thus, t h e  n e g a t i v e  f i n d i n g  i s  a b i t  unce r t a in ,  as always when us ing  such wide 
normal ranges.  

I t  tu rned  o u t  t h a t  t h e  stress rad iog raph ic  a n a l y s i s  f o r  drawer s i g n  on 

t h e  f r e s h l y  i n j u r e d  r i g h t  side was correct, t h e  o p e r a t i o n  showing total  rup- 

t u r e  of t h e  ACL s u p e r i o r l y  i n  t h e  f i b r o u s  subs tance .  a 

total  r u p t u r e  o f  t h e  M L  and W L ,  ex tend ing  p o s t e r i o r l y  i n t o  t h e  pos t e ro -  

medial capsu le ,  was not ,  as a l r e a d y  stated, d i s c l o s e d  by t h e  stress radio- 

graphy. 
Table 9 .  

On t h e  o t h e r  hand, 

The result i s  t h e r e f o r e  listed as FN i n  t h e  las t  but  one  column of 

The f i n d i n g s  r e l a t i n g  t o  t h e  o l d  i n j u r y  i n  t h e  l e f t  knee  were confirmed 

by r e c o r d s  borrowed from ano the r  h o s p i t a l ,  b u t  they  are not  inc luded  i n  t h e  

p r e s e n t  ana ly  sis. 

Case 70: 
I n  t h e  course of a f o o t b a l l  match t h i s  p a t i e n t  was h i t  by a d i r e c t  trauma 

( k i c k )  on t h e  medial a s p e c t  of the: knee, w h i l e  t h e  knee was l i f t e d  h igh  from 
t h e  ground and 90' f l e x e d .  

l y s i s ,  but  w i th  neuropraxia ,  as o p e r a t i o n  d i d  not  show i n t e r r u p t i o n  of con- 

t i n u i t y  i n  t h e  nerve.  There was to ta l  r u p t u r e  of t h e  ACL and FCL, t h e  L a ,  

t h e  p o p l i t e a l  tendon, t h e  b i c e p s  t'emoris tendon, t h e  p o s t e r i o r  and la teral  
capsu le ,  p l u s  p a r t i a l  rupture of t h e  i l i o t i b i a l  tract and of t h e  M L  
w e l l  as t h e  SKL (of minor e x t e n t ) .  

A t  admission t h e  p a t i e n t  had a to ta l  peronea l  para 

as 

This  p a t i e n t  was r e p o r t e d  i n  (6 )  as a case of canbined  a n t e r o l o t e r o l  

complex r o t a t i o n  and p o s t e r o l a t e r o l  complex r o t a t i o n .  An te r io r  and p o s t e r i o r  

drawer s i g n s  were p r e s e n t  (Table  8, C, D, E). The component of i n t e r n a l  rot- 
a t i o n  on t r a c t i o n ,  a n t e r o l a t e r a l  i n s t a b i l i t y ,  i s  2 . 8  mn (Fn) ,  w e l l  obove t h e  

c r i t i ca l  l e v e l  of 2.0 mn from ( 6 )  and a b i t  below t h e  l e v e l  of 3.0 mn used 
i n  t h e  p r e s e n t  Addendum. 
on p r e s s u r e  ( h e r e  p o s t e r o l a t e r a l  i n s t a b i l i t y )  i s  1 . 6  mm, and t h i s  is f a r  below 

both l e v e l s .  Thus, t h e  case can  b e  accepted  as a n t e r o l a t e r a l  conplex  rota- 

On t h e  'other hand, t h e  v a l u e  f o r  e x t e r n a l . r o t a t i o n  
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t i o n ,  wh i l e  t h e r e  i s  on ly  a h i n t  of a p o s t e r o l a t e r a l  r o t a t i o n  - bu t  i t  i s  

obvious  t h a t  t h e  s e v e r i t y  of t h e  i n j u r y  j u s t i f i e s  i t s  p resence  (F ig .  1 6 ) .  

Case 71 
r e p r e s e n t s  t h e  p r o t o t y p e  of an i n j u r y  which causes corrplex an teromedia l  

r o t a t o r y  i n s t a b i l i t y :  

SKL . 
Total r u p t u r e  of t h e  PCL, M L ,  W L  as w e l l  as 

Case 72: 

A v i o l e n t  trauma wi th  a compl ica ted  mechanism. 
i n g  v o l l e y  ball ,  t h e  p a t i e n t  s u s t a i n e d  d i s l o c a t i o n  of t h e  r i g h t  p a t e l l a ,  

so t h a t  t h e  l e g  became f i x e d  i n  an acute-angled  f l e x i o n .  

s h e  f e l l ,  h i t t i n g  t h e  f loor wi th  t h i s  leg. 

and ex terna l .  r o t a t i o n  of t h e  t i b i a  resulted. 
t u r e  of t h e  PCL, part ia l  r u p t u r e  of t h e  PCL, to ta l  r u p t u r e  of t h e  SKL, 
M L ,  and C K L ,  con t inu ing  i n  a tear of t h e  p o s t e r i o r  ccpsule. Throughout 

t h e  l e n g t h  of t h e  medial  p a t e l l a r  a s p e c t  t h e r e  was a l a r g e  c a p s u l a r  tear 
caused by t h e  p a t e l l a r  d i s l o c a t i o n .  Furthermore,  t h e r e  was total  avu l s ion  

of t h e  p o s t e r i o r  horn and t h e  e n t i r e  medial a t tachment  of t h e  M. 
moreover, showed a l a r g e  bucket-handle i n  ju ry  enveloping  t h e  medial  femoral 

condyle.  The last-mentioned i n j u r y  i s  he ld  r e s p o n s i b l e  for  t h e  i n d i l i t y  t o  
demonst ra te  a drwuer s i g n  or r o t a t o r y  i n s t a b i l i t y  by c l i n i c a l  exan ina t ion ,  

e x m i n a t i o n  u n d e r  gene ro l  a n a e s t h e s i a ,  or gonylaxometry. 

I n  jumping up w h i l e  play- 

I n  t h i s  p o s i t i o n  

This  i nc reased  t h e  abduction, 

Opera t ion  r evea led  total  rup- 

The latter, 

Case 75: 
Mild e x t e r n a l  rotatory i n s t a b i l i t y  o f  t h e  i n j u r e d  leg was demonstrated (Fn = 

4.2 mm). There was also an inc reased  t o t a l  a n t e r o p o s t e r i o r  mob i l i t y ,  i n t e r -  

p r e t e d  p r e o p e r a t i v e l y  as an a n t e r i o r  drawer s ign ,  as i t s  major p a r t  was 

a n t e r i o r  d i sp lacement .  Opera t ion  d i s c l o s e d  total  r u p t u r e  of t h e  K L  and 

a very s l i g h t ,  p a r t i a l  r u p t u r e  of t h e  K L  on a l e v e l  w i th  t h e  articular 
l i n e .  

Case 76 
e x h i b i t e d  t h e  marked medial i n s t a b i l i t y  which i s  seen  only i n  t h e  p re sence  

of r u p t u r e  of t h e  medial structures, bo th  cruciate ligaments,  and t h e  pos- 

terior capsule (Fig .  1 4 ) .  Indeed, t h e s e  i n j u r i e s  were found a t  ope ra t ion ,  

and so was a tear of Robert's l igament  which a t t a c h e s  t h e  p o s t e r i o r  horn 

of t h e  LM t o  t h e  medial femora l  condyle.  The X L  as  well as t h e  WCL and 

M L  were t o t a l l y  rup tu red ,  and t h i s  r u p t u r e  cont inued  i n  a c a p s u l a r  tear 
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behind the medial femoral condyle. There were sequelae o f  a simultaneous 

(presumably i n i t i a l )  pa te l l a r  d is locat ion,  v iz .  a small osteochondral f racture 

on the medial edge o f  the pa te l l a  and an osteochondral f rac tu re  on the l a te ra l  

femoral condyle as w e l l  as t o t a l  rupture o f  the medial capsule o f  the knee 

j o i n t  along the medial edge o f  the pa te l la .  

water-skiing i n  an abrupt t u rn  a t  h igh speed, i n  abduction, external  rotat ion, 

and f lex ion.  A t  gonylaxometry there occurred no ro ta t i on  during t rac t i on  

s t ra igh t  forward, and a t  pressure there was but a h i n t  o f  i n t e r n a l  ro tat ion,  

-2.1 mm, posteromedial i n s t a b i l i t y ,  p r a c t i c a l l y  a l l  structures g i v ing  way, 

and pronounced drawer signs appearing. 

The i n j u r y  had occurred during 

Case 78: 

There was an increased an ter io r  drawer sign a t  15' external  ro ta t i on  o f  the 

foot, of an extent tha t  can be seen only i n  the presence o f  a severe i n j u r y  

t o  the medial c o l l a t e r a l  ligaments. 

and (6), t h i s  may be taken t o  ind ica te  anteromedial i n s t a b i l i t y .  

confirmed by the operative f ind ings:  

as the W L ,  w i t h  a poster ior  capsular rupture and t o t a l  rupture o f  the KL. 
The LM had been to rn  o f f  the an ter io r  horn and along the greater pa r t  of i t s  

circumference (abduction, external  ro tat ion,  f l e x i o n  i n j u r y  i n  the down-jump 

from a smash i n  badminton). 

Case 80: 
Unchanged from Table 2 i n  (6 )  i n  which the external  ro ta t i on  was found 

(F15ext. 
Hn15 = 5.7 s i g n i f i e s  i n te rna l  ro tat ion,  the in ju red  medial conpartment 

accompanying the movement o f  external  r o t a t i o n  ( foo t  15' ex te rna l l y  rotated) 

u n t i l  stress was applied. 

Case 82: 
Knee i n j u r y  i n  a f a l l  whi le sk i ing  a t  high speed on a steep h i l l .  
t i o n  disclosed subsynovial ( in t rasynovia l ) ,  p a r t i a l  rupture o f  the ACL 

( i t s  postero la tera l  f i b res ) .  Tota l  rupture o f  the SMCL as we l l  as the 

M L  and W L ,  and capsular tear continuing pos ter io r ly .  

come detached throughout i t s  circumference and hod become dislocated i n t o  

the j o i n t  ( i t  was removed). 

t o  demonstrate a drawer sign. 

sign demonstrated with the foo t  i n  1 5 O  external  rotat'ion i s  t o  be t d e n  as 

a sign o f  external ro ta to ry  i n s t a b i l i t y  due t o  the large medial rupture 

According t o  Slocum and Larson (1968) 

This was 

t o t a l  rupture o f  the SMCL, DMCL, as well 

= -3.5) and the sign merely ind icates the d i rec t i on  o f  ro tat ion.  

Opera- 

The M had be- 

I n  the neut ra l  pos i t ion  i t  was not possible 

I t  i s  not known whether the marked drawer 
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or of a locking  mechanism (clue t o  t h e  i n j u r e d  meniscus) be ing  unlocked i n  ex- 
t e r n a l  r o t a t i o n  - cf. Case  ti0 (F ig .  30 ) .  

Case 83: 
A pronounced a n t e r i o r  drawer s i g n  on t r a c t i o n  wi th  t h e  f o o t  i n  15' e x t e r n a l  
r o t a t i o n  (C15 = 13.4 mm) was.accompanied by a s l i g h t  i n t e r n a l  r o t a t i o n  

(F15 e x t .  

permit e x t e r n a l  r o t a t i o n .  
of bo th  condy les  i n  t h e  i n j u r e d  leg ,  opparent  from t h e  c a l c u l a t i o n s  below, 
i t  is  not  p o s s i b l e  t o  e x p l a i n  e x a c t l y  why t h e  medial condyle  was arrested i n  
i t s  a n t e r i o r  d i sp lacement  b e f o r e  t h e  lateral one, but t h e  movement i s  

pendent upon t h e  total  remaining capsular and l i g a n e n t o u s  appa ra tus .  

e x t  . 
= 4.1 mm), 

The t o t a l l y  rup tu red  medial collateral  structures would b e  expected t o  
I n  t h e  p re sence  of t h e  marked a n t e r i o r  displacement 

de- 

F15° e x t .  = ( ( e -9 )  - ( f -h ) ) ( in j .  - u n i n j * )  = (18.9 - 1 5 . 4 ) L  - 
(3 .6  - 4.2)R = 4.1. 

Th i s  s i g n  of r o t a t i o n  d imin i shes  i f  t h e  c a l c u l a t i o n  i s  based upon t h e  va lues  
f o r  e and f i n  t h e  ' ' neu t r a l  p o s i t i o n  90°" and t h e  total  condylar  movement 
i s  c a l c u l a t e d  on t h a t  b a s i s :  

= 3.3  mm, - 
Fn15° e x t .  - ((en - gl!5) - ( f n  - h 1 5 ) ) ( i n .  - u n i n j . )  

whereby t h e  c r i t i ca l  l e v e l  is j u s t  touched (Addendum I, Table 31) .  

Cases  86 - 90 i n c l .  
and t h e  above-mentioned - Cases  70 and 76 e x h i b i t e d  r u p t u r e s  of t h e  PCL. 
ano the r  case of r u p t u r e  of t h e  K L  and PCL t h e  
d isp lacement  was g iven  up because of pa in ,  whereas t h e  medial and lateral 
s t a b i l i t y  c o u l d  be measured (Case 74). 

I n  y e t  
measurement of a n t e r o p o s t e r i o r  

Case 86: 
I n  t h i s  case 

were demonstrated on p res su re ,  v i z .  p o s t e r o l a t e r a l  r o t a t o r y  i n s t a b i l i t y  and 
lateral i n s t o b i l i t y ,  i n  conformity wi th  t h e  f i n d i n g s  a t  ope ra t ion .  

a p o s t e r i o r  drcnver s i g n  and e x t e r n a l  r o t a t o r y  i n s t a b i l i t y  

Case  87 
e x h i b i t e d  only  medial i n s t a b i l i t y  and p o s t e r i o r  drawer s i g n  i n  t h e  n e u t r a l  
p o s i t i o n .  
exceeded. 
terior d isp lacement  of t h e  t i b i a 1  condyles  i n  t h e  i n j u r e d  knee exceeding 
t h a t  i n  t h e  un in ju red  knee by 4.2 mm on t r a c t i o n ,  t h e  medial one 2.2  mn 

more t h a n  t h e  lateral. 
i n s t a b i l i t y  of t h e  medial structures ( c f .  

I n  t h i s  p o s i t i o n  no cr i t ical  l e v e l s  of r o t a t o r y  i n s t a b i l i t y  were 

B u t  w i th  t h e  f e e t  15' e x t e r n a l l y  r o t a t e d  t h e r e  was a mean cn- 

T h i s  must b e  i n t e r p r e t e d  as e x t e r n a l  r o t a t i o n  due t o  
Slocum and Larson ' s  t e s t ) .  I n  



- 190 - 

p a r t i c u l a r ,  i t  i s  worth no t ing  t h e  obsence of an a n t e r i o r  drawer s i g n  i n  

t h e  n e u t r a l  p o s i t i o n .  

and t h e  PCL . 
Opera t ion  r evea led  total  r u p t u r e  of t h e  SKL, M L ,  

Case  88: 

I n  t h i s  case gonylaxometry r evea led  a pronounced to ta l  a n t e r o p o s t e r i o r  dis-  
placement. 

terior d isp lacement  by f a r  exceeded t h e  cr i t ical  l e v e l s ,  t h e  case was i n t e r -  

p r e t e d  p r e o p e r a t i v e l y  as r e p r e s e n t i n g  both  a n t e r i o r  and p o s t e r i o r  drawer 
s i g n .  

A s  t h e  c a l c u l a t i o n  of a n t e r i o r  d i sp lacement  as w e l l  as of pos- 

However, ope ra t ion  showed only r u p t u r e  of t h e  PCL and of t h e  M1- and 

M L  as  well as of t h e  f i b r o u s  c a p s u l e  p o s t e r i o r l y .  

were i n t a c t .  

The SKL and t h e  E L  

On t h e  X-rays it i s  poss ib le ,  t o  obse rve  t h e  p o s i t i o n  of t h e  proximal end 

of t h e  t i b i a  on t h e  i n j u r e d  knee as compared wi th  the un in ju red  one. 
shows t h a t  on t h e  i n j u r e d  l e g  the. t i b i a  had become d i s p l a c e d  2 . 3  mn p o s t e r i -  

o r l y  a l r e a d y  i n  t h e  uns t r e s sed ,  n e u t r a l  p o s i t i o n .  However, t h i s  cannot  

q u i t e  p l a c e  

T h i s  

t h e  a n t e r i o r  drawer s i g n  below t h e  cr i t ical  l e v e l .  

A t  c l i n i c a l  examination tnd  a t  e x m i n a t i o n  under g e n e r a l  a n a e s t h e s i a  

too t h e r e  was doubt a b o u t  t h e  d i r e c t i o n  or d i r e c t i o n s  of t h e  drwer s ign ,  

b u t  a l l  exan ina t ions  d e f i n i t e l y  i n d i c a t e d  o p e r a t i o n .  

The p r e s s u r e  procedure  r e s u l t e d  i n  e x t e r n a l  r o t a t i o n  of t h e  i n j u r e d  knee 

S ince  t h e  SKL as well as t h e  L a  were Gn = 5 . 9  mn. 

i n t a c t ,  i t  had t o  b e  the ,  a l s o  i n t a c t ,  KL which determined t h e  d i r e c t i o n  of 
r o t a t i o n .  

The exp lana t ion  m y  be:  

Th i s  l igament s l ackens  when t h e  t i b i a  i s  p o s t e r o l a t e r a l l y  pressed ,  bu t  

t i g h t e n s  when t h e  t i b i a  i s  

condyles .  T h i s  m u s t  favour  a p o s t e r i o r  movement of t h e  lateral  t i b i a 1  con- 

d y l e  and t h u s  an e x t e r n a l  r o t a t i o n  (F ig .  31) .  
ever ,  t h a t  t h i s  

and i n j u r e d  structures. For i n s t a n c e ,  t h e  i n t a c t  SKL c o n t r i b u t e d  t o  pre- 

ven t ing  t h e  i n t e r n a l  r o t a t i o n  shown i n  cn extreme example i n  t h e  middle situ- 
a t i o n  i n  Fig.  31. 

pos te rornedia l ly  p re s sed  i n  r e l a t i o n  t o  t h e  femoral 

I t  m u s t  b e  borne  i n  mind, how- 

r o t a t i o n  i s  determined by a compl ica ted  i n t e r a c t i o n  of in t ac t  

Cose 89  

i s  i l lustrated i n  Fig.  5 i n  (6) (3s a r e p r e s e n t a t i v e  of p o s t e r o w d i a l  complex 

r o t a t o r y  i n s t a b i l i t y .  

mulae  set up he re :  G = -4.6 m, s i g n i f y i n g  i n t e r n a l  r o t a t i o n  on p res su re .  

A t  t h e  same time, t h e r e  i s  a p o s t e r i o r  drawer s i g n  of 6.2 mn. 

compat ib le  wi th  t h e  i n j u r y , c f .  T&le 9 .  

This  can  be confirmed by c a l c u l a t i o n  us ing  t h e  f o r -  

n 
T h i s  is f u l l y  
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Figure 31: D i a g r m  o f  the r i g h t  knee viewed f r o m  hove .  The t i b i a 1  plateau 
A t  the 

top the knee j o i n t  i n  i t s  normal pos i t ion .  
( m e d . )  i s  shaded, and so i s  the l a t e r a l  c o l l a t e r a l  l iganent  ( l o t . ) .  The o r i -  
g i n  cnd inse r t i on  of the K L  are ind icated on all three drawings, shaded on 
the two a t  the bottom, connected with the ligament f i b r e s  on tha t  a t  the top. 
The inse r t i on  o f  the PCL on the poster ior  intercondylar area on the t i b i a  i s  
black. 
no fu r the r  regard i s  pa id t.o i t .  
o r i g i n  of the ACL on the l a t e r a l  femoral condyle and the i nse r t i on  on the 
an ter io r  intercondylar area on the t i b i a  lengthens on attempts a t  i n te rna l  
ro ta t i on  (middle) and shortens on external rotat ion, both i n  connection wi th 
a pos ter io r  drawer sign, permitted by the ruptured PCL. Thus, both the SMSL 
and the KL prevent internci l  r o t a t i o n  cnd permit a complex external  ro ta t i on  
on pressure. 

i s  ind icated by a s o l i d  l ine,  the femur by broken l ines .  
The-medial c o l l a t e r a l  l iganent  

The l a t t e r  l igunent  i s  ruptured i n  t h i s  case (Case 88), so that  
I t  may be seen how the distance between the 
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Case 90 
sbowed on gonylaxometry on ly  a p o s t e r i o r  drcmer s ign ,  and ope ra t ion  d i s c l o s e d  
t o t a l  r u p t u r e  of t h e  PCL and t h e  p o s t e r i o r  j o i n t  capsule. 

On t h e  X-ray f i lms t h e r e  i s  a small bone  c h i p  a n t e r i o r l y ,  media l ly  on 
t h e  t i b i a  a t  the site of t h e  d i g i t a l  
a n t e r i o r  where t h e  a n t e r i o r  horn of t h e  M4 i s  a t t a c h e d .  
e v i d e n t l y  a shea r ing  f r a c t u r e ,  t h e r e  be ing  cor respondingly ,  f a r  a n t e r i o r l y  on 
t h e  medial femora l  condyle,  an i n p r e s s i o n  f r a c t u r e .  A l l  t h e  f i n d i n g s  suggest 
a hyperextens ion  trauma, cf .  F ig .  15 which also shows t h e  p o s t e r i o r  drawer 
s i g n .  

i n p r e s s i o n  of t h e  area i n t e r c o n d y l a r i s  
The bone c h i p  i s  

Sumnary: 
I n  gene ra l ,  an  cnterior drawer s i g n  i n  t h e  n e u t r a l  p o s i t i o n  i s  no t  demonstrable 
i n  p a r t i a l  r u p t u r e  of t h e  KL (Cases  62, 65, 66, 79, and 81)  or i n  i n t r a syn-  
o v i a l  r u p t u r e  (Cases 6 1  and 8 4 ) .  , 
of r u p t u r e s  can  ha rd ly  b e  expec ted  e i t h e r ,  and t h i s  is  indicated i n  t h e  colurm 
concerned by TN 
omong t h e  f r e s h  r u p t u r e s .  

(5). In one in s t ance ,  Case 88, i t  was d i f f i c u l t  t o  i n t e r p r e t  t h e  d i r e c t i o n  
of an o the rwise  s t r i k i n g  drawer s ign ,  s i n c e  i n j u r y  t o  t h e  PCL e v i d e n t l y  d i s -  
p l c c e s  t h e  t i b i a  backwards, also i n  t h e  " n e u t r a l  r e s t i n g  p o s i t i o n " .  
gave  rise to  a false a n t e r i o r  drower s i g n  on  t r a c t i o n .  

Cases  60  - 90, and Addi t ion  - 

Radiological demonst ra t ion  of t h e s e  t y p e s  

+ below t h e  FN used f o r  c a l c u l a t i n g  t h e  p r e d i c t i v e  v a l u e s  + TN i s  used i n  t h e  subsequent to ta l  c a l c u l a t i o n  i n  

T h i s  

P o s t e r i o r  drawer s i g n s  were found i n  7 cases: Nos. 70, 76, 86, 87, 88, 
In  on a d d i t i o n a l  case wi th  to ta l  r u p t u r e  of t h e  ACL as well as 89, and 90. 

PCL t h e  measurements were g iven  up because of p a i n  (Case 74) .  
who had p o r t i a l  r u p t u r e  of t h e  P a  and total  r u p t u r e  of t h e  KL, t h e  an tero-  
p o s t e r i o r  d i sp lacement  was blocked by a bucket-handle i n j u r y  of t h e  medial 
meniscus. 

I n  Case 72, 

I n  t h e  p r e s e n t  study, t h e  d i f f e r e n c e  between t h e  i n j u r e d  and unin jured  
knee was always used. 
ever,  i t  m u s t  b e  mentioned t h a t  t h e  h i g h e s t  v a l u e  fo r  a n t e r i o r  drcmer s i g n  
i n  t h e  n e u t r a l  p o s i t i o n  measured i n  t h e  p r e s e n t  material, wi thout  deduct ion  
of t h e  v a l u e  f o r  t h e  un in ju red  knee, was 17.2 mn and for t h e  medial condyle 
18.2 mm (Case 71). 
s i g n  measured was 21 .3  mm, i n  Case 76 who also e x h i b i t e d  a to ta l  anteropos- 
terior mob i l i t y  of 36.6 rnm, having s imul taneous ly  an a n t e r i o r  drower s i g n  
of 15.3 mn. 

group, v i z .  29.9 mn. 

i n s t o b i l i t y ,  27.8 mn. 

Concerning o comparison wi th  o t h e r  materials, how- 

Expressed i n  t h e  same way, t h e  greatest p o s t e r i o r  drawer 

He also e x h i b i t e d  t h e  maximum medial  i n s t a b i l i t y  o f .  t h e  whole 
Case  70 had t h e  greatest u n i l a t e r a l l y  measured later01 
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Figure 32: Diagram showing stress r d i o g r a p h i c a l l y  measured i n s t a b i l i t i e s  i n  

c o l l a t e r a l  i n s t a b i l i t y :  Columns above the ax is  o f  the abscissa, l a t e r a l  instab- 
i l i t y :  columns below the axis, an ter io r  displacement or drawer s ign as an x 
above the axis, and poster ior  drawer sign as an x below the ax is  (values below 
the ax is  are thus a lso pos i t i ve) .  
one patient, the pa t ien t  number being shown on the abscissa. The re la t ionsh ip  
between marked rnedial/ latesal i n s t a b i l i t i e s  and drawer signs i n  t h i s  group is 
evident. (From Acta orthop. Scond. 48, 301-310, 1977). 

group 1. Differences between in ju red  and uninjured knee. Medial 

Every column and cross show measurements on 
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Anteromedial complex r o t a t o r y  - i n s t c b i l i t y  was demon s t r a t e d  i n  e i g h t  ca ses  

(Cases 71, 75, 78, 80, 82, 83, 84, 851, posteromedial complex rotatory& 
s t o b i l i t y  u m i s t d c a b l y  i n  only  one  p a t i e n t  (Case 89) (and wi th  less strict 
demands i n  Cases  76 and 87) ,  p o s t e r o l a t e r a l  complex r o t a t o r y  i n s t c b i l i t y  i n  

Case  86, and a n t e r o l a t e r a l  complex r o t a t o r y  i n s t d i l i t y  i n  Cose 70. 
In  two p a t i e n t s ,  Cases  61 and 88, p r e s s u r e  caused an  e x t e r n a l  r o t a t i o n  

which could only  be classified wi th  some u n c e r t a i n t y .  As also shown on Fig. 

31, t h e  ques t ion  of r o t a t i o n  i s  t i  more complicated one, as t h e  movements of 

t h e  j o i n t  on t r a c t i o n  cnd p r e s s u r e  are guided by a g r e a t  n u h e r  of compon- 

e n t s ,  some of which are i n j u r e d .  
Poss ib ly ,  t h e  approach would b e  s i m p l i f i e d , , a l s o  i n  t h e  case of conplex  

r o t a t i o n s ,  i f  t h e  exan ina t ion  were c a r r i e d  out under g e n e r a l  anaes thes i a ,  as 

i n  t h a t  event  any a c t i v e  or r e f l e x  m u s c u l a r  gu idance  would b e  comple te ly  elim- 
i n a t e d .  B u t  even though a l l  t h e  p r e s e n t  c l i n i c a l  cases d o  n o t  appear  t o  b e  
explicmle wi th  equal  ease, i t  m l J S t  p r i m a r i l y  b e  e s t a b l i s h e d  t h a t  i t  proved 
p o s s i b l e  t o  demonst ra te  t h e s e  r o t a t i o n s  o b j e c t i v e l y  and measurably and t o  
g i v e  a s a t i s f a c t o r y  exp lana t ion  ,of t h e  ma jo r i ty .  

P a t i e n t  Group 2. 

These p a t i e n t s  mode up t h e  smallest group (26 knee j o i n t s )  and also t h e  least 
va luab le  one, p a r t l y  because  i t  is  too small f o r  a s e p a r a t e  statist ical  ana- 

l y s i s  and p a r t l y  because  a conpa r i son  of t h e  results of t h e  measurements w i t h  
t h e  i n j u r i e s  b l u r r e d  by scar tissue can  only be  accepted  wi th  r e se rve .  More- 
over,  some p a t i e n t s  had a h i s t o r y  of even o l d e r  knee i n j u r i e s .  

I n j u r i e s  Sus ta ined  15 Days t o  3 Months P rev ious ly  

During t h i s  phase  t h e  p a t i e n t s  s t i l l  hod p a i n  and t e n d e r n e s s  at  t h e  s i t e  

of t h e  i n j u r e d  tissue, so t h a t  local a n a e s t h e s i a  hod t o  b e  app l i ed  i n  t h e  

stress rod icg raph ic  examination. Neve r the l e s s  t h e r e  occurred, as i n  group 1, 
muscular de fence  r e a c t i o n  du r ing  e x a n i n a t i o n  f o r  a n t e r o p o s t e r i o r  d i sp l ace -  

ment (Cases 96, 98, 114) .  

The f i r s t  seven cases of group 2, Cases  91 - 97, hod no measurable 
rnedial/lateral i n s t a b i l i t y  or drawer s i g n  on gonylaxometry, i n  accordance 

wi th  t h e  f i n d i n g s  under g e n e r a l  anaes thes i a .  

as shown i n  Table 11, i n  one case a l o o s e  body i n  t h e  knee, i n  t h r e e  men- 

iscal  i n j u r i e s ,  and i n  two cases scan ty  cicatricial  tissue l e f t  by small 
r u p t u r e s  of t h e  collateral  l i g a n e n t s .  The f i n d i n g s  a t  c l i n i c a l  exan ina t ion  
i n  t h e s e  cases d i f f e r e d  a g r e a t  d e a l  from those  of t h e  o t h e r  two d i a g n o s t i c  

p rocedures  - and from Th i s  was c h a r a c t e r -  

i s t i c  of group 2 as  a whole. 

The o p e r a t i v e  f i n d i n g s  were, 

t h e  o p e r o t i v e  f i n d i n g s  as w e l l .  
The c l i n i c a l  e x m i n e r  hod d i f f i c u l t y  i n  dec id-  
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Figure 33: Stress radiographically measured instabilities in group 2. 
No lateral or posterior instabilities in this group. 
(From Act0 orthop. Scand. 48, 301-310, 1977). 
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i ng  whether a r o t a t i o n  f a c t o r  was involved ,  bo th  when exanin ing  f o r  t h e  
drawer s i g n  and f o r  m e d i a l / l a t e r a l  i n s t a b i l i t y .  

In cases wi th  f a i r l y  o l d  ancl old i n j u r i e s  i t  i s  d i f f i c u l t  t o  d i s t i n g u i s h  
at  o p e r a t i o n  t h e  s t r u c t u r e s  which have been i n j u r e d ,  and e s p e c i a l l y  to  what 
degree .  Therefore ,  i t  i s  d i f f i c u l t  also t o  use t h e  o p e r a t i v e  f i n d i n g s  as a 

b a s i s  f o r  assessment concern ing  t h e  v a r i o u s  forms of i n s t h i l i t y .  I n  columns 
6, 7, 8, and 9 i n  Tables  11 and 13, t h e r e f o r e ,  i t  i s  stated from Case 105 and 
onwards on ly  t h a t  t h e  f i n d i n g  was p o s i t i v e ,  P, or negat ive ,  N. Evalua t ion  of 

t h e  PV and PV 

f o r  t h e  gonylaxometric f i n d i n g s  of m e d i a l / l a t e r a l  i n s t c l b i l i t y  and an te ropos te -  
rior i n s t h i l i t y .  In groups  2 arid 3, u n l i k e  group 1, no conpar i son  was mode 
wi th  t h e  manual, c l i n i c a l  assessment,  or t h e  assessment under g e n e r a l  anaes- 
t h e s i a .  

f o r  t h e  total. material of p a t i e n t s  was performed only  
POS neg 

In  t h e  fo l lowing  1 9  cases d i f f e r e n t  degrees of medial i n s t h i l i t y  were 
- found a t  stress rad iog raph ic  measurement, bu t  at  most A = cinj. - cuninj. - 

7.3 mm o r  cinj. 17.2 mm. 

tissue, of f a i r l y  loose or f i r m e r  cons i s t ency ,  i n  t h e  collateral l i g a n e n t s .  
Accordingly, t h e r e  was at  o p e r a t i o n  cicatricial  

There were no cases of i n j u r i e s  t o  t h e  L a  or t o  t h e  PCL. Also no 
cases of f a l s e  p o s i t i v e  or f a l s e  n e g a t i v e  measurements of medial i n s t c b i l i t y .  

F o u r  cases wi th  cpe ra t ive ly  confirmed p a r t i a l  r u p t u r e s  of t h e  
Acl (Cases 110, 111, 112, 114)  had no measurcble drawer s i g n s .  
w i th  t h e  examination under g e n e r a l  anaes thes i a ,  w h i l e  a c l i n i c a l  examiner 
( n o t  t h e  a u t h o r )  cou ld  e a s i l y  f i n d  a p o s i t i v e  drawer s i g n  i n  one  of t h e s e  
cases (Case 110, Table 11). 
f i b r e s  of t h e  l igament,  so t h a t  CI demonst ra t ion  of drawer s i g n  at gonylaxo- 
metry could n o t  even be expected - c f .  ( 5 )  "Discussion" (pp. 308 - 309). 

Th i s  occords 

A l l  proved t o h a v e  r u p t u r e  of t h e  p o s t e r o l a t e r a l  

Case  105: 

Subsynovia l ly  i n  t h e  ACL t h e r e  w a s  an area wi th  firm scar tissue, but  no v is -  
i b l e  e longa t ion  or th inn ing  of t h e  l igament .  S t r e s s  radiography d i d  not  show 
a d r m e r  s ign ,  t h e  d i f f e r e n c e  from t h e  un in ju red  knee be ing  0 .9  mn. 

c r e a s i n g  e x t e r n a l  r o t a t i o n  of t h e  f o o t ,  however, t h e r e  was a con t inuous ly  in- 
c r e a s i n g  a n t e r i o r  d i sp lacement :  C: 

This  may s i g n i f y  a drawer s ign ,  b 8 u t  sooner t h e  form of e x t e r n a l  r o t a t i o n  de- 
s c r i b e d  by Slocum and Larson (1968) and demonstrated i n  t h e  p o s i t i o n  of t h e  
f o o t  d e s c r i b e d  by them as a s i g n  of medial  c o l l a t e r a l  , l i g a n e n t  i n s t c b i l i t y .  
And indeed, i t  was found t o  b e  so (A = 4.5 inn). 

from t h e  above-mentioned s p e c i a l  i n j u r y  t o  t h e  Kl ,  scar tissue i n  t h e  DMCL 
as well as SKL. 

I 

A t  i n -  

= 3 .7  mn and C300 ext. = 6 . 6  mn. 1 5 O  e x t .  

Opera t ion  shaved, T a r t  
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Only 3 cases e x h i b i t e d  total  r u p t u r e  of t h e  cruciate l i g a n e n t s  (Cases 

113, 115, 116) .  A t  stress rad iography a p o s i t i v e  drower s i g n  was found i n  

t h e  n e u t r a l  p o s i t i o n  i n  Cases  113  and 116 and not  u n t i l  i n  15' e x t e r n a l  rota- 
t i o n  of t h e  f o o t  i n  Case 115. 
FN i n  cna lys ing  t h e  p r e d i c t i v e  va lue .  

drcmer s i g n .  

Therefore ,  t h e  l a t t e r  case was c l a s s i f i e d  as 

However, i t  may r e p r e s e n t  anterior 
I t  may also r e p r e s e n t  e x t e r n a l  r o t a t o r y i n s t c b i l i t y  (Slocum and 

- Larson type )  - which was indeed demonstrated also by t h e  formula: F150 ext. - 
3.1 mm. The most pronounced a n t e r i o r  drcmer s ign ,  i n  Case  116, moun ted  t o  
11.8 mm i n  t h e  n e u t r a l  p o s i t i o n ,  wi thout  s u b t r a c t i o n  of t h e  measuring r e s u l t  
for  t h e  c o n t r a l a t e r a l  knee. 

Rota tory  I n s t a b i l i t y  i n  Group 2 :  - 
Simple r o t a t o r y  i n s t a b i l i t y  was found i n  seven cases. 

e x t e r n a l  r o t a t o r y  i n s t a b i l i t y  could  
and Larson. 

t h e  medial collateral  l i g m e n t s .  

knee  t h e  i n j u r e d  knee must@ be forward d i s p l a c e d  on t r o c t i o n  when t h e  

f o o t  i s  i n  t h e  n e u t r a l  p o s i t i o n ,  but  m u s t  b e  forward d i s p l a c e d  when t h e  f o o t  

i s  i n  15' e x t e r n a l  r o t a t i o n  ( o r  more) and maintained i n  t h a t  p o s i t i o n .  Th i s  

was found i n  Cases 101, 105, 106, 107. 

I n  f o u r  of them simple 

be demonstrated by t h e  method of Slocum 

As stated i n  (6 ) ,  t h i s  f i n d i n g  i s  a s ign  of i n s u f f i c i e n c y  of 

When t h e  p a t i e n t  i s  exanined wi th  90' f l e x e d  

S i n p l e  r o t a t o r y  i n s t a b i l i t y  was demonstrated i n  t h e  n e u t r a l  p o s i t i o n  

i n  t h r e e  cases, Nos. 95, 108, and 114: 

Case 95: 

G = -4.5 mm, which means i n t e r n a l  r o t a t i o n  on p res su re ,  

-7.3 mn, meaning pronounced e x t e r n a l  r o t a t i o n  wi th  r o t a t e d  f o o t .  Both f ind -  

i ngs  c o n s i s t e n t l y  i n d i c a t e  i n j u r y  t o  t h e  medial  c o l l a t e r a l  l i g a n e n t s .  Cper- 

a t i o n  showed no i n j u r y  t o  t h e  cruciate l igaments ,  b u t  a l s o  no f r e s h  i n j u r y  t o  
t h e  medial l igaments .  

last-mentioned l i gamen t s  i n  a trauma s u s t a i n e d  one y e a r  p rev ious ly .  

- - 
and Hn15° e x t .  n 

The i n s t d i l i t y  m u s t  be  de r ived  from an i n j u r y  t o  t h e  

Case 108  
e x h i b i t e d  i n t e r n a l  r o t a t i o n ,  F = 3 .9  mm. The r o t a t i o n  was a t rue one, t h e  

i n j u r e d  knee having t h e  va lue  4 . 9  mn f o r  r o t a t i o n  on t r a c t i o n  and t h e  unin- 

j u r e d  knee 1 . 0  mm. 

cons i s t ency  on a l e v e l  wi th  t h e  ar t icular  l i n e ,  i n  t h e  D K L  as w e l l  as S K L .  

n 

The o p e r a t i o n  showed scar tissue o f  r e l a t i v e l y  s o f t  

Case  114 
showed on p r e s s u r e  i n t e r n a l  r o t a t i o n ,  G = -4.6 mm. n 
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Two cases of complex a n t l e r m e d i a l  i n s t c b i l i t y  were discovered ,  Gses 
155 and 116. They have been described p rev ious ly  i n  (6 ) .  
on ly  j u s t  touches  t h e  cri t ical  l e v e l  for F150 ext. 

However, Case 116 

Group 3: 
I n  t h e s e  p a t i e n t s  t h e r e  i s  no p a i n  r e a c t i o n  d u r i n g  t h e  measurements which t h u s  
can  b e  performed, w i thou t  u s ing  local a n a e s t h e t i c s ,  on c o n p l e t e l y  r e l axed  
knees. Therefore,  e n t i r e l y  correct i n s t a b i l i t y  measurements may b e  expec ted .  
One meniscal l ock ing  was observed in  t h i s  group. 

The most remarkable f i n d i n g  i s  t h a t  i n  such old i n j u r i e s  t h e  medial/lat- 

P a t i e n t s  w i t h  I n j u r i e s  O lde r  Than 3 Months 

era1 i n s t a b i l i t y  i s  q u i t e  modest. 
i n s t c b i l i t y  was below t h e  cr i t ical  upper l i m i t  of 2 mn. 

r o t a t o r y  i n s t c b i l i t y  of some 
121, 124, 127, 129, 130, 133, 137, 139, 140, 141, 151 ( v i d e  i n f r a ) .  I n  22 of 
t h e s e  2 3  cases subsequent o p e r a t i o n  showed no seque lae  
t h e  medial collateral l igamentous  appa ra tus .  
stcbilities between 2 . 1  and 4 . 6  mm ( b e f o r e  s u b t r a c t i o n  of t h e  v a l u e  f o r  t h e  
un in ju red  knee: 13 .6  mm i n  Case 125, 14 .9  mn i n  
i n  t h e  form of f i r m  or somewhat looser scar tissue. 

In  23  out of 37 cases (62%) t h e  medial 
On t h e  o t h e r  hand, 

form or o t h e r  was found i n  11 of t h e s e  23  cases: 

a t  a l l  of r u p t u r e  of 
A l l  t h e  o t h e r s ,  w i t h  medial  i n -  

Case 123) ,  showed changes 

Three p a t i e n t s  of t h i s  group had been cdmi t ted  for  i n s t c b i l i t y  i n  t h e  
lateral p a r t  of t h e  j o i n t .  i n s t a b i l i t y  
was B = 1 . 9  mn, i .e. no t  exceeding t h e  cr i t ical  l e v e l .  On t h e  o t h e r  hand, 
t h e  F va lue  was 3.1 mn, v i z .  p o s i t i v e ,  meaning i n t e r n a l  r o t a t i o n  on t r a c t i o n .  
The pronounced forward movement of t h e  lateral condyle  i n  t h e  i n j u r e d  knee 
on t r o c t i o n  (4 .6  mm as compared wi th  1.5 mm of t h e  medial condyle)  was t h e  
reason  why t h e  cr i t ical  l e v e l  for total  a n t e r o p o s t e r i o r  d i sp lacement  was 
exceeded. Even b e f o r e  t h e  ope ra t ion ,  t h i s  was realized, and t h e  result had 
been i n t e r p r e t e d  as a pure ly  r o t a t o r y  movement i n d i c a t i n g  a lateral  i n j u r y .  
Opera t ion  r evea led  normal cruciate l igaments ,  absence  of t h e  LM, and loose 
scar tissue at the i n s e r t i o n  of th\p LCL on t h e  lateral femora l  epicondyle.  
The o r i g i n a l  i n j u r y  4 y e a r s  p rev ious ly  had been t r e a t e d  i m m e d i a t e l y  by 
lateral  meniscectomy e lsewhere .  
r o t a t o r y  i n s t a b i l i t y .  

I n  -- Case 121 t h e  v a l u e  f o r  lateral  

n 

In  o t h e r  words, an exanp le  of simple la teral  

Case 124: 
S p e c i a l  views of t h e  r i g h t  knee j o i n t  showed an o l d  dep res s ion  f r a c t u r e  of 
t h e  r i g h t  lateral  t i b i a 1  condyle.  
lateral  i n s t a b i l i t y ,  B = 6 .0  mm, but a f t e r  c o r r e c t i n g  f o r  t h e  fracture t h e r e  

I n  stress rad iography i t  caused very marked 
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Figure  34: S t r e s s  r a d i o g r a p h i c a l l y  measured i n s t a b i l i t i e s  i n  g roup  3. 

Note: I n  t h e s e  old i n j u r i e s  t h e  mediol/loteral i n s t a b i l i t y  
is r a t h e r  s l i g h t ,  even i n  t h e  p re sence  of major drawer s i g n s .  
(From Acto or thop .  Scand. 2, 301 - 310, 1977) .  
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was no d i f f e r e n c e  between t h e  s i d e s  on a-p views i n  adduct ion ,  B = 0.1 mn. 

The v a l u e s  f o r  a n t e r o p o s t e r i o r  i n s t a b i l i t y ,  Cn and C150 ext. (Toble 1 2 )  showed 

a drawer s i g n .  However, t h i s  was due  p r i m a r i l y  t o  a very marked a n t e r i o r  d i s -  
placement of t h e  l a te ra l  t i b i a l  condyle  on t r a c t i o n  i n  t h e  n e u t r a l  p o s i t i o n :  
a n t e r i o r  d i sp lacement  ( i n j u r e d  - un in ju red )  of t h e  lateral  t i b i a l  condyle:  

8.6 mn, of t h e  medial  condyle:2.6 m. 
The terms Fn and Fn150 ext :show marked i n t e r n a l  r o t a t i o n  on t r a c t i o n ,  

whi le  G 
named depres s ion  f r a c t u r e  o f  t h e  lateral  t i b i a l  condyle of wide e x t e n t ,  bu t  
no i n j u r i e s  to l igamen t s  or menisc i .  P r e o p e r a t i v e l y  too ,  t h e  measurement 
had been i n t e r p r e t e d  as r o t a t o r y  i n s t a b i l i t y .  
e l u c i d a t i n g  how loss o f  subs t ance  i n  t h e  condyles  may g i v e  rise to  pronounced 
i n s t a b i l i t y  i n  s e v e r a l  p l anes .  

s i g n i f i e s  i n t e r n a l  r o t a t i o n  on p r e s s u r e .  Opera t ion  r evea led  t h e  n 

This  case is i n t e r e s t i n g  i n  

Case 125: 
Table 12, l i s t i n g  t h e  results of t h e  measurements, shows on ly  m e d i a l  i n s t o b i -  
l i t y  and a to ta l  a n t e r o p o s t e r i o r  d i sp lacement  on t r a c t i o n  old p r e s s u r e  i n  the 
n e u t r a l  p o s i t i o n  exceeding t h e  normal critical l e v e l .  Th i s  case i s  best e l u -  

c i d a t e d  when r ega rd ing  t h e  d i sp lacemen t s  s e p a r a t e l y  ( i n j u r e d  - un in ju red ) :  
Ant. d i s p l .  l o t .  condyle :  1 . 9  mm 

Ant. d i s p l .  med. condyle :  3.0 mn 

Post .  d i s p l .  l a t .  condyle :  0.5 mm 
Pos t .  d i s p l .  med. condyle:  3.0 mn 

Ant. drawer:  (2.5 = neg. )  
Post. drawer : ( l .8  = neg. )  
Total a n t . p o s t .  d i s p l .  l o t .  condyle  2 .4  mm 

Total a n t . p o s t .  d i s p l .  med. condyle:  6.0 m 

In o t h e r  words, it i s  t h e  d isp lacement  of t h e  medial  condyle  which pre- 
T h i s  case was de- dominates and at  t h e  sane  time 

p i c t e d  as Fig .  4 i n  (6). 
r o t a t i o n  i n  Addenda I and 11, t h e  cr i t ical  l e v e l s  have no t  been exceeded i n  
t h i s  case. 

causes t h e  h igh  En va lue .  
Cons ider ing  t h e  h igh  c r i t i ca l  l e v e l s  f i x e d  f o r  

Case 126 

i s  t h e  only  one  o f  group 3 which e x h i b i t e d  any s i g n i f i c a n t  lateral  i n s t a b i l i -  

t y  ( u s i n g  t h e  rounded-off c r i t i ca l  l e v e l s  de f ined  i n  t h e  t h e s i s ) .  
t i o n  t h e  LCL was found t o  be l a x ,  b u t  i n t a c t ,  and i t  was no t  p o s s i b l e  t o  ~ O C -  

ate t h e  s i te  of t h e  p rev ious  rup tu re .  
No r o t a t o r y  i n s t a b i l i t y  was demonstrated.  

A t  opera- 

Both cruciate l i g a n e n t s  were i n t a c t .  
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Case 127, 

i n  which ro ta to ry  i n s t a b i l i t y  had not been recognized previously, exhib i ted 

wi th the new methods o f  ca lcu la t ion  a marked external ro ta to ry  i n s t a b i l i t y  

on t rac t i on  i n  the neut ra l  pos i t ion:  F = -4.8 m. Operation disclosed that  n 
the h4A had been to rn  i n  i t s  e n t i r e  circumference, being attached only a t  the 

anter ior  and pos ter io r  horns. 

located i n t o  the intercondylar fossa, cur led up. Evidently, i t  hod been 

l y i n g  l i k e  tha t  f o r  a long time, as i t  preserved i t s  curled-up s h q e  a f te r  

removal. 

there were no l iganent  obnormalit ies. I n  t h i s  case, then, the method demon- 

strated simple external ro ta to ry  i n s t a b i l i t y  due t o  the meniscus being to rn  

from i t s  anchoring and adjocent medial structures ( the  DMCL, the OMCL, and 

the posteromedial capsule). 

however, i t  i s  not  possible t o  t e l l  whether some of these structures have 

been ruptured and have healed w i th  elongation, bu t  late.ral/medial i n s t a b i l i t y  

was not demonstrated. 

The e n t i r e  meniscus was 180' turned and d is -  

The ACL appeared somewhat thinner than normal, bu t  otherwise 

Owing t o  the long i n t e r v a l  from the trauma, 

Anter ior  i n s t a b i l i t y  WQS demonstrated i n  22 o f  23 cases i n  the form o f  

TP an ter io r  drcnver signs from Cases 128 - 151. I n  one FN case, No. 135, 

anter ior  displacement during t r a c t i o n  was prevented by lock ing o f  the l a t e r -  

a l  condyles i n  the in ju red  knee caused by an i n ju ry  t o  the LM. The meniscus 

had been to rn  loose a t  the pos ter io r  horn cnd had cur led i n  an ter io r  t o  the 

femoral condyle. 

under general anaesthesia. The and PCL were normal, but the ACL was ab- 

sent. There was a small, f resh tear  i n  the SKL. 

A drawer s ign could a lso not  be demonstrated on exanination 

Furthermore, gonylaxometry showed one FP drawer sign w i t h i n  t h i s  group, 

viz. : 

Case 143: 

This pa t i en t  exhib i ted an an ter io r  drawer s ign o f  5.0 mn, measured as the 

d i f ference from the uninjured knee. 

the upper c r i t i c a l  level,  defined as the 974% upper confidence l i m i t  f o r  

normal knees separately, the excess i s  only 0.2 mn. Using this, l ess  accu- 

r a t e  c r i t i c a l  leve l ,  and measuring i n  whole rrm, would not have assigned t h i s  

case t o  an abnormal group. 

drcnver sign,detenined by two d i f f e r e n t  exominers, and t h i s  sign also proved 

pos i t i ve  a t  exanination under general anaesthesia. 

therefore, that  the measurement, and the f ind ings  o f  the other exanination, 

must be considered FP, as operation d id  not show i n j u r y  t o  e i t he r  c ruc ia te  
l iganent. 

However, when measured i n  r e l a t i o n  t o  

However, i t  had a c l i n i c a l l y  d e f i n i t e  an ter io r  

I t  i s  beyond doubt, 
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History :  Two years previously, the pa t ien t  hod sustained an cbduction 

trauma. 

o f  a t rac to r .  

time, suturing the medial c o l l a t e r a l  ligament. 

the c ruc ia te  ligaments o r  menisci. 

same type as i n  the present examination, but  the f i r s t  operation i s  not in -  

cluded i n  the present analysis, as the stress rad io log ica l  measurements had 
not been s tar ted then. 

a "dupl icate case". He was re-admitted 2 years l a t e r  f o r  evaluation, since 

a f t e r  t rans ient  improvement and shor t - last ing resumption o f  work he hod de- 

veloped increasing pain i n  the knee, f e l t  i t  was unstable, and was unable t o  

work. There hod been no intermediate trauma. A t  re-admission there was no 

medial o r  l a t e r a l  i n s t a b i l i t y ,  but a d i f ference i n  quodriceps circumf erence 

between the i n ju red  and uninjured l e g  o f  2 crn and a 3 cm atrophy of the in- 

jured leg  (and 1 cm on the uninjured leg)  as cohored with the measurement 

a t  the former admission t o  hospi ta l .  

oedema o f  the lower leg, and rad io log i ca l l y  v is ib le ,  marked deca lc i f i ca t ion  

o f  the bones as compared wi th the cont ra la te ra l  l e g  - os seen i n  r e f l e x  dys- 

trophy i n  the upper l imbs. I n  sp i te  o f  t h i s  appearance, we d id  not res t  con- 

tent  with t h i s  diognosis and performed an exploratory arthrotomy which showed 

completely normal-looking, thick, strong c ruc ia te  ligaments which, however, 

appeared t o  be too lax, and so d id  the j o i n t  capsule appear t o  be (had been 

distended by repeated episodes o f  hydrarthrosis). 

ca r t i l age  were a lso normal. 

While he was digging a d i t c h  h i s  l e g  got  squeezed by the fo re  pa r t  

The present author d id  an operation upon the pa t ien t  a t  tha t  

There were no i n j u r i e s  t o  

There ex i s t s  a thorough record, o f  the  

I n  other words, t h i s  pa t ien t  i s  not represented as 

On the i n ju red  l i m b  there was a lso 

The menisci and a r t i cu la r  

Apart from these two remorkclble cases (one FN and one FP), 9 showed 

drawer signs between 3.2 and 5 nm. 
i n  one o f  these cases there was only  a p a r t i a l  rupture o f  the an ter io r  cru- 

c i a t e  ligament. 

ligament had an an ter io r  displacement o f  4.7 mn. 

Two o f  them were less  than 3.5 mm, but 

Another case of' p a r t i a l  rupture o f  the an ter io r  c ruc ia te  

The greatest value o f  an an ter io r  drawer sign, calculated without sub- 

t rac t i ng  the value f o r  the uninfured knee, i s  21.0 mm (range 6.3 - 21.0 mm). 

A t o t a l  a-p i n s t a b i l i t y  o f  23.8 mn was found i n  Case 148. The corresponding 

mean values i n  t h i s  group o f  pa t ien ts  with i n j u r y  t o  the PCL were 11.1 and 

14.8 mn. The poster ior  drawer sign (without substraction o f  the value f o r  

the uninjured knee) was most marked i n  Case 152: 

poster ior  i n s t c b i l i t y  = 19.3 mn). 
order t o  enable conparison with the mater ia ls  published by others. 

12.6 mm ( t o t a l  antero- 

These ca lcu lat ions were performed i n  
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Thus, the f ind ings concerning the magnitude o f  the an ter io r  drawer sign 

With re fe r -  are considerably more varied than reported by previous authors. 

ence t o  the discussion i n  the present survey, however, i t  must be mentioned 

that several workers have found a f r e e  i n t e r v a l  between a normal knee and a 

knee with a drawer sign, so tha t  a d e f i n i t e  d i s t i n c t i o n  could be mode between 

normal and abnormal f indings. 

f ind ings i n  the present study which showed the even t rans i t i on  between normal 

and abnormal values which are general ly found Con- 

f l i c t i n g  f ind ings by others must be due t o  a pronounced se lect ion o f  t h e i r  

materials. 

This i s  i n  c o n f l i c t  with the above-mentioned 

i n  b io log i ca l  materials. 

There were two cases o f  rup tu re  o f  the pos ter io r  c ruc ia te  l iganent, 

both t o t a l  (Cases 152 and 153). The drawer signs were demonstrated by a l l  

three diagnostic procedures. 

Rotatory Findings i n  Group 3: 

I n  oddi t ion t o  the  cases already mentioned, v iz .  121, 124, 125, and 127, 

the group contains yet  another case o f  simple ro ta to ry  i n s t a b i l i t y ,  Case 
- 120 which showed m i l d  m e d i a l  i n s t a b i l i t y  and external  ro ta t i on  on tree- 

t ion. 

Complex anteromedial ro ta to ry  i n s t a b i l i t y  was found i n  ten cases: 129, 

130, 133, 137, 139, 140, 141, 148, 150, and 151. 

Case 129 

exhibited an an ter io r  drawer sign and external ro ta t i on  on t rac t i on  i n  

the neut ra l  pos i t i on  (Fn = -3.9). 

Case 130: 

The same findings, c f .  Table 12. I n  t h i s  case there was a lso a f resh in -  

ju ry  t o  the medial meniscus. 

Case 133 

hod a marked an ter io r  drawer sigi i  and external  ro ta t i on  o f  the t i b i a  on 

t ract ion.  No medial i n s t a b i l i t y .  The medial meniscus o f  t h i s  knee had pre- 

viously been removed. 
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Case  137 
also exh ib i t ed ,  on stress radiography, bo th  an a n t e r i o r  drawer s ign  and ex- 
t e r n a l  r o t a t i o n  on t r a c t i o n .  I t  was, moreover, close to  t h e  c r i t i ca l  l e v e l  

f o r  i n t e r n a l  r o t a t i o n  on p res su re .  

i n s t a b i l i t y .  

A l l  t h e s e  f i n d i n g s  i n d i c a t e  a n t e r a n e d i a l  

I n  t h i s  case t h e r e  was no meniscal i n j u r y .  

Cases  139 and 141 
also showed a n t e r a n e d i a l  complex r o t a t o r y  i n s t c b i l i t y  wi th  i n j u r y  t o  t h e  

medial meniscus. 

Case  140 

was found t o  have an a n t e r i o r  drawer s i g n  i n  a l l  stress rad iog raph ic  pos i t ions  

Rota tory  i n s t a b i l i t y  mani fes ted  i tsel f  f irst  
p o s i t i o n  i n  which t h e  f o o t  i s  maintained i n  15' e x t e r n a l  r o t a t i o n  d u r i n g  

= 5.4 m ( c r i t i c a l  l e v e l  3.4 mm). pressure : 

QS e x t e r n a l  r o t a t i o n  i n  t h e  

GfiO e x t .  

Case  148: 
In  a d d i t i o n  t o  pronounced a n t e r i o r  drawer s i g n  i n  v a r i o u s  p o s i t i o n s  an  in -  

t e r n a l  r o t a t i o n  was found, t h e  foot be ing  r o t a t e d  30° i n t e r n a l l y ,  wi thout  

= 4. 6 mn ( p o s i t i v e  i n  i n t e r n a l  r o t a t i o n ) ,  t r a c t i o n  o r  p re s su re :  

cr i t ical  l e v e l  about 3.0 nun (Addendum I ,  T&le 32, bottom). T h i s  ought t o  
p red i spose  t o  a p o s i t i v e  e x t e r n a l  r o t a t i o n  on t r a c t i o n  i n  t h i s  p o s i t i o n  of 

t h e  f o o t ,  b u t  F300 int. = -2.'7 mm d i d  no t  exceed t h e  cr i t ical  value,  although 
a tendency to  e x t e r n a l  r o t a t i o n  ( n e g a t i v e  s i g n )  was p r e s e n t .  The explana t ion  
may b e  t h a t  t h e  KL was ubsent ,  which t e n d s  t o  i n t e r n a l  r o t a t i o n  ( t h e  reverse  

s i t u a t i o n  t o  t h a t  on F ig .  31) .  Medial men i scec tmy  had p rev ious ly  been per -  
formed on t h i s  knee.  

Hn30° i n t .  

Case  150 

showed a n t e r i o r  drawer s i g n  i n  t h r e e  p o s i t i o n s  as w e l l  as &normal e x t e r n a l  

r o t a t i o n  i n  t h e  i n j u r e d  knee on 30' e x t e r n a l  r o t a t i o n  of t h e  f o o t :  Hn300 ext 
= -5.3 mn. 

t i o n  of t h e  f o o t :  F300 ext. = 5 .9  mm. 

of approximately t h e  same size, but wi th  o p p o s i t e  s i g n s .  

This  r o t a t i o n  was abo l i shed  on forward t r a c t i o n  i n  t h e  sane  posi-  

I t  w i l l  be seen  t h a t  bo th  va lues  are 

Case  151 
e x h i b i t e d  an a n t e r i o r  drawer s ign ,  i n t e r n a l  r o t a t i o n  on t r a c t i o n  (F,), and 

e x t e r n a l  r o t a t i o n  on p r e s s u r e  (G,), e x p l i c c b l e  by an almost t o t a l  r u p t u r e  
of t h e  LM ( p l u s  to ta l  r u p t u r e  of t h e  K L  and p rev ious  e x c i s i o n  of t h e  M). 
The LM was t o r n  o f f  p o s t e r i o r l y  and a long  i t s  circumference,  a t t a c h i n g  only  

a n t e r i o r l y  and fo lded  i n t o  t h e  i n t e r c o n d y l a r  f o s s a .  
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Case 152: 
O u t  of t h e  t o t a l  a n t e r o p o s t e r i o r  displocement,  En, t h e  p o s t e r i o r  drawer s ign ,  
Dn, made up by f a r  t h e  greater p a r t .  
t ha t  t h e  to ta l  va lue  of En i s  due  t o  a p o s t e r i o r  drawer s ign ,  also because: 

I t  i s  reasonab le  t o  assume, the re fo re ,  

- e  = 1.4 i n  j '  unin  j .  e 

f i n j .  - f u n i n j .  = 3.4 mn 

so t h a t  t h e  t i b i a1  condyles  of t h e  i n j u r e d  knee had, a l r eady  b e f o r e  t h e  
measurement, become 2 .4  mn depressed  as compared wi th  t h o s e  o f  t h e  un in ju red  
knee. 
t h e  E L .  Let i t  b e  added, however, t h a t  at  t h e  t i m e  of o p e r a t i o n  9 months 

Opera t ion  also could  no t  demonst ra te  a f r e s h  or a p rev ious  i n j u r y  t o  

had elapsed s i n c e  t h e  trauma. The PCL was t o t a l l y  ruptured .  

Case 153, 
i n  which t h e r e  i s  no doubt t h a t  t h e  e n t i r e  a n t e r o p o s t e r i o r  d i sp lacement  was 

due t o  a p o s t e r i o r  drawer s ign ,  i s  mentioned merely because  
had p rev ious ly  s u s t a i n e d  a trauma t o  t h e  o t h e r  knee. 
and lateral i n s t c b i l i t y  was compared wi th  t h e  c r i t i ca l  l e v e l  f o r  to ta l  ex- 
c u r s i o n s  i n  one knee - and t h e s e  l e v e l s  were exceeded f o r  bo th  - bu t  no t  by 
p a r t i c u l a r l y  h igh  va lues .  

t h e  p a t i e n t  
Therefore ,  t h e  medial 

Rota tory  i n s t c b i l i t y  could  no t  b e  demonstrated.  

Rotatory I n s t o b i l i t y  i n  t h e  Total S e r i e s  

Simple Medial Rota tory  I n s t c b i l i t y  
was found i n  a to ta l  of 23  cases: 1, 2, 16, 22, 28, 35, 38, 39, 43, 45, 49, 
52, 54, 95, 96, 101, 105, 106, 107, 108, 114, 120, and 127. 

........................................ 

Simple Lateral Rota tory  I n s t a b i l i a  
Two cases, 1 2 1  and 124. 

Complex Anteromedial  I n s t o b i l i t y :  
Twenty cases, 71, 75, 78, 80, 82, 83, 84, 85, 115, 116, 129, 130, 133, 137, 
139, 140, 141, 148, 150, and 151. 

Complex A n t e r o l a t e r a l  I n s t o b i l i t y :  - 
Case 70. 

Complex Pos te romedia l  I n s t d i l i t y i  
Cases  76 and 89 (87 ) .  
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Complex Posterolateral Instability: 
Case 86 (70). 

Rotation on Rotation of t h e  Foot,: 

A t o t a l  of s i x  patients (Cases 43, 49, 52, 95, 148, and 150) exhibited 
normal rotation on rotation of ihe foot alone, without traction or pressure. 
In one case t h e  rotation increased on traction (Case 43), w h i l e  i n  the others 
the new c r i t i c a l  levels were not exceeded or e lse  t h e  knee joint  rotated back 
t o  i t s  normal position when a force was applied. 
pared w i t h  ( 6 )  is due t o  the s l ight ly  altered c r i t i c a l  levels. 

The small change a s  com- 

Non-classified Rotations: 
Cases 61 and 88 (external rotation on pressure), c f .  Sumary fo r  Cases 60 
- 90. 
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SUMMARY 

A t o t a l  o f  5 1  (or 53) cases o f  ro ta to ry  i n s t a b i l i t y .  This accords wi th (6), 

but  a few cases have been omitted because o f  the new, higher c r i t i c a l  levels, 

while a few new ones have been added by means o f  the algebraic formulae which 

have now been introduced. 

Relat ion 

It was previously established (5) tha t  the forms o f  i n s t a b i l i t y  observed, 

i n  pa r t i cu la r  media l / la tera l  i n s t c b i l i t y  and anteroposterior i n s t a b i l i t y ,  

were i n  conformity w i t h  the i n j u r i e s  found. 

have been la rge ly  consistent w i th  what could be expected i n  association 

with the in ju r ies .  Pa r t i cu la r  a t ten t ion  should be devoted t o  the r o l e  of 

the meniscus i n  ro ta to ry  s t a b i l i t y  ( c f .  Case 127 and others). 

ism o f  the trauma can tie elucidated, i t  ought t o  be possible t o  record con- 

formi ty  between i t s  d i rec t i on  and the form o f  resu l t i ng  i n s t c b i l i t y .  

o f  Trauma Mechanism t o  the I n s t a b i l i t y  Findings 

The ro ta to ry  f ind ings too 

I f  the mechan- 

As apparent f rom the tables, t h i s  was attempted by questioning the pa- 

t i e n t s  regarding the mechanism o f  the trauma, and the most use fu l  informa- 

t i o n  was obtained from patients w i th  f resh i n  j u r i e s  and w i th  sports i n ju r i es .  

For sk i ing  and f o o t b a l l  they are q u i t e  character is t ic ,  and la rge ly  o f  the 

same type. Abduction and external ro ta t i on  as w e l l  as a degree of f l ex ion  

up t o  a f u l l y  extended knee const i tu ted the most c m o n  mechanism of trauma. 

Therefore, stress radiography revealed most cases w i th  a component of ab- 

normal external ro ta t ion .  This was demonstrated i n  the course o f  the examin- 

a t i on  by external ly  ro ta t i ng  the foo t  only, by exer t ing t r a c t i o n  only, or by 

t rac t i on  i n  the ex terna l l y  ro tated pos i t i on  i n  32 cases (1, 2, 28, 39, 43, 

49, 52, 70, 71, 75, 78, 80, 83, 84, 85, 86, 87, 95, 101, 105, 106, 107, 115, 

116, 120, 129, 130, 133, 137, 139, 141, 150). I n te rna l  ro ta t i on  on pressure 

was demonstrated i n  9 cases (16, 22, 35, 38, 45, 54, 76, 96, 114). On re- 

viewing the findings, however, i t  would appear that  the obduction component 

was more pronounced i n  these last-mentioned traumas than was the external 

ro ta t i on  (Cases 35, 38, 54, 114). Case 76 had so severe an i n j u r y  that many 

i n s t c b i l i t y  patterns were na tu ra l l y  found a t  the measurement. Case 96 cannot 

be dist inguished f rom the  32 cases mentioned d o v e  as f a r  as the mechanism of 

the trauma was concerned. 

The study does not appear t o  show any regu la r i t y  as t o  when the medial 

l iganents alone rupture i n  the abduction-external r o t a t i o n  traumas and when 

the KL also ruptures. When considering the most r e l i a b l e  reports, i n  Cases 
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1 - 90, the type o f  trauma has usually been the sane, but wi th a varying de- 

gree of  f lex ion  i n  the knee. 

when the trauma stops, meaning when the muscular defence reaction sets i n  

or the i n e r t i a  o f  the trauma has been absorbed. 

the PCL also ruptures, as seen i n  group 1 of t h i s  series. 

Case 90 (rupture o f  the posterior capsule and PCL) were presumhly produced 

by a pure hyperextension trauma, as indicated by the simultaneous bone in -  

jur ies.  

Kennedy e t  a l .  (1974). 

before the K L  also ruptured, and before a tendency t o  dis locat ion of  the knee 

set in .  The force has been absorbed through compression fractures i n  the sub- 

chondral cancellous bone o f  the medial condyles. The ax ia l  force i n  the longi 

tud ina l  d i rec t ion  of  the thigh, c f .  Palmer (1938, pp. 42-44) has been qu i te  

strong. 

The resu l t ing  i n j u r y  presumably depends upon 

I n  extremely v io lent traumas 

The i n j u r i e s  i n  

This mechanism i s  i n  agreement w i t h  the cadaver experiments of 

I n  Case 90 the energy a t  the trauma had been &sorbed 

Kennedy e t  01. (1974) report that especial ly i n  i n te rna l  ro ta t ion  traumas 

of  the t i b i a  i n  re la t i on  t o  

rupture o f  the K L .  
which there were only four cases i n  which an i n te rna l  ro ta t ion  component was 

included i n  the mechanism of trauma. 

i n j u r y  i n  Case 10, p a r t i a l  rupture o f  the LCL i n  Case 59, and in ju ry  t o  both 

these structures i n  Cases 121 and 126. I n  the first-mentioned case there was 

also an extension factor, i n  the remaining three a f l ex ion  factor. Other 

conbinations of  forces and degrees of  f l ex ion  have evidently been present i n  

the material of  Kennedy e t  01. 

the femur, they have seen 7 cases of isolated 

This could not be confirmed i n  the present material i n  

I n  these cases the i n j u r i e s  were: LM 

Operated, but Not Stress Radiographically Exmined Patients During the 

Study Period 

During the study period four pat ients wi th major i n j u r i e s  were not subjected 

t o  gonylaxometry and are therefore not included i n  the material:  

P.M., 18 12 52, a 21-year-old man, because of associated fractures of 

the th igh and lower leg. 

PCL . 
Operation on the knee revealed t o t a l  rupture of the 

B.L.B., 08 01 44, a 30-year-old man, because of  anter ior  d is locat ion of 

the knee j o i n t  which required in ied ia te  operation. 

Total ruptures of  the K L  and LCL, i l i o t i b i a l  tract, tendon o f  the biceps 

muscle, and poster ior  capsule of  the l e f t  knee. 

Operative diagnoses: 

E.E.B.J., 14 01 29, a 45-year-old woman, because o f  a f rac tu re  o f  the 

intercondylar eminence which was interpreted as a contra-indication t o  gon- 
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ylaxometry, as f u r t h e r  d i sp lacement  of t h e  f r a c t u r e  was f e a r e d .  O p e r a t i v e  
diagnoses:  Total r u p t u r e  of ,the KL as w e l l  as t h e  D M I  and WL. 

A.L.H., 15 04 55, a 19-year-old man wi th  radiological ev idence  of 
avuls ion  of bone from t h e  i n t e r n a l  aspect of t h e b t e r a l  femora l  condyle.  
Stress rad iog raph ic  e x a n i n a t i o n  was f e l t  to  be con t r a - ind ica t ed  f o r  f e a r  of 
f u r t h e r  d i sp lacement  of t h e  fragment or d e s t r u c t i o n  of p o s s i b l e  remaining 
p a r t s  of t h e  l i g a n e n t ,  as t h e  d i a g n o s i s  could be m a d e  a l r e d y  on t h e  basis 
of t h e  conven t iona l  radiography. O p e r a t i v e  f i n d i n g s :  Total tear of t h e  
KL wi th  a fragment of bone from t h e  o r i g i n  at  t h e  femora l  condyle.  

From t h i s  i s  appa ren t  whcit were cons ide red  c o n t r a - i n d i c a t i o n s  t o  t h e  
exanina t  i on  : 
1. 

2. 

3. 

4. 

5 .  

Cond i t ions  r e q u i r i n g  hyperacute  t rea tment  and t h e r e a f t e r  rest. 
are c o n d i t i o n s  i n  which t h e  p o p l i t e a l  a r t e r y  is th rea t ened ,  and perhaps  
i n j u r e d  (e .g .  d i s l o c a t i o n  of t h e  knee) .  
Complicating major f r a c t u r e s  of 

sites. 
I n t r a a r t i c u l a r  f r a c t u r e s  of t h e  knee  which are f e a r e d  t o  be aggravated 
by t h e  exan ina t ion .  
Cond i t ions  i n  which a d i a g n o s i s  of l igament  r u p t u r e  h a s  been e s t c b l i s h e d  
by conven t iona l  radiography, e.g. c h i p s  of bone avulsed  from t h e  si tes 

of o r i g i n  or  i n s e r t i o n  of t h e  c r u c i a t e  l i g a n e n t s ,  
a t i o n  of t h e  i n j u r y  may b e  f e a r e d  du r ing  t h e  exan ina t ion .  
L i f e - th rea t en ing  c o n d i t i o n s  which m u s t  have p r e f e r e n c e  ove r  o r thcpaed ic  
t r ea tmen t .  

These 

t h e  th igh , lower  leg, p e l v i s ,  or o t h e r  

as i n  t h a t  case aggrav- 

We d i d  not  f e e l  t h e  exan ina t ion  was con t ra - ind ica t ed  i n  t h e  only  case 
i n  which t h e r e  was a q u e s t i o n  #of a pe ronea l  nerve  p a l s y  (neu roprax ia )  (Case 
70), b u t  i t  i s  a matter of d i s c u s s i o n  whether i t  ought i n  f u t u r e  b e  included 
anong t h e  c o n t r a - i n d i c a t i o n s .  

Basis f o r  S e l e c t i o n  of C a l c u l a t i o n  Progrormes and Choice  of Standard  Procedure 
The e v a l u a t i o n  which i s  t h e  aim now i s  no t  an  e v a l u a t i o n  of t h e  stress radio- 
g r c p h i c  method as a whole. En route w e  have a l r e a d y  done s e v e r a l  e v a l u a t i o n s  
of the-method, e.g. of t h e  force a c t i o n  upon t h e  knee j o i n t ,  X-ray p r o j e c t i o n s ,  
magn i f i ca t ion  on t h e  X-ray f i lms ,  inaccuracy  of the.measurement, i n t e r p r e t a -  
t i o n  of r o t a t o r y  f i n d i n g s ,  and t h e  d i a g n o s t i c  c b i l i t y  of t h e  method c l i n i c a l l y ,  
i n  t h e  form of PV and PVneg.. 

POS 
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Here i t  w i l l  b e  endeavoured t o  e v a l u a t e  which of t h e  many modes of cal- 

c u l a t i o n  of t h e  v a r i o u s  forms of i n s t c b i l i t y  are most advantageous.  
Such a s e l e c t i o n  of c a l c u l a t i o n  prcgrarmes  i s  p r a c t i c c b l e  only  on t h e  

basis of t h e  p r e s u p p o s i t i o n s  made: 
able, how g r e a t  an accuracy  i s  wanted 
of i n s t c b i l i t y  f i n d i n g .  
t hods  hove s e p a r a t e l y  c o n t r i b u t e d  p o s i t i v e  f i n d i n g s  which would o the rwise  
have escaped d e t e c t i o n .  
i n s t a b i l i t y  which have been d ivulged  by means of t h e  formulae  in t roduced  i n  
t h i s  Addendum. 

How many exposures  are fe l t  t o  be s u i t -  
i n  o r d e r  t o  cove r  a l l  p o s s i b i l i t i e s  

I t  m u s t  be mentioned t h a t  a l l  t h e  c a l c u l a t i o n  me-  

These are i n  p a r t i c u l a r  v a r i o u s  forms of r o t a t o r y  

On t h e  o t h e r  hand, t h e  l a r g e  register of formulae - and as presupposi-  
t i o n s  f o r  them a number of d i f f e r e n t  p o s i t i o n s  of t h e  f o o t  du r ing  t h e  later- 
a l  exposure - r e q u i r e s  q u i t e  o l a r g e  number of X-ray exposures  of each person, 
i f  a l l  c a l c u l a t i o n s  are to  be inc luded  i n  a s t anda rd  set of formulae.  For 
r e s e a r c h  purposes  t h e  p r o j e c t i o n s  and sets of formulae which seem most s u i t -  
able have t o  b e  s e l e c t e d .  

I n  s e l e c t i n g  a s t anda rd  method t h e r e  c a n  be no doubt t h a t  formula sets 
A and B as w e l l  as Cn, Dn, and En, Fn, and Gn (Tab le  1) ought t o  be u s e d .  
They are t h e  o rd ina ry  exposures  f o r  medial/lateral i n s t c b i l i t y ,  of anteropos- 
terior d isp lacement  i n  t h e  n e u t r a l  p o s i t i o n  of t h e  f o o t ,  a to ta l  of 8 ex- 
posures. The las t  two sets of formulae, Fn and Gn, concern r o t a t i o n .  

By t h i s ,  most simple s o l u t i o n  ( 8  X-ray exposures)  35 of t h e  5 3  cases 

of r o t a t o r y  i n s t c b i l i t y  (66%) were de tec t ed ,  v i z .  Cases  1, 2, 22, 28, 35, 
38, 45, 49, 54, 61, 70, (70),  71, 75, 76, 84, 85, 86, 88, 89, 95, 96, 108, 11 
120, 121, 124, 127, 129, 130, 133, 137, 139, 141, 151. 

exposures, adding an exposure wi th  15' e x t e r n a l l y  rotated f o o t  bo th  with- 
out  apply ing  force and wi th  30 kp  t r a c t i o n ,  F15, C15, Hn15, and Fn15 can  a l s o  
b e  calculated. 
cases of r o t a t i o n ,  v i z .  Cases  39, 80, 83, 107, and 115. 

I f  2 a d d i t i o n a l  exposures  are made of each knee, i.e. a to ta l  of 12 

By c a l c u l a t i n g  F15 i t  was p o s s i b l e  to d e t e c t  5 a d d i t i o n a l  
Furthermore, CL5 

' 

-_ 

- - (eu - 915) + ( f15  - 
2 h15) = : ( in j .  - u n i n j . )  can  b e  calculated. 

Th i s  test i s  used as a stress rad iog raph ic  c o u n t e r p a r t  of Slocum and 
La r son ' s  c l i n i c a l  test (1968') ,and i n d i c a t e s  i n s t h i l i t y  of t h e  structures 
on t h e  medial a s p e c t  of t h e  knee  and a r e s u l t i n g  e x t e r n a l  r o t a t o r y  i n s t a -  
b i l i t y ,  u n l e s s  bo th  condy les  move extremely much. 
i n t e r p r e t e d  as a s i g n  of complex an teromedia l  i n s t a b i l i t y .  
an a l r eady  p o s i t i v e  Cn (F15 :,Cn) under t h e s e  c o n d i t i o n s  i n v a r i c b l y  means 
t h e  presence  of medial  r o t a t o r y  i n s t c b i l i t y  - i n  o t h e r  words complex an tero-  

medial r o t a t o r y  i n s t a b i l i t y .  

In t h a t  case it m u s t  b e  
An i n c r e a s e  i n  



- 211 - 

The highest C15 value found without associated rupture o f  the c ruc ia te  

l iganents and due exclusively t o  i n j u r y  a f fec t i ng  the medial 

C15 = 5.6 mn (Case 101). 
upon ca lcu la t ion  o f  the C15 - Cases 78, 82, 87, 101, 105, 106. 

on the bas is  o f  the 12 stress radiographic exposures. 

three p o s i t i v e  r o t a t i o n  f ind ings (Cases 43, 52, and 116) .  Thus, by means of 

t h i s  nunber o f  exposures and the oppurtenant calculat ions, i t  was possible 

t o  ascertain 49 o f  the 53 ro ta t i on  f indings. This i s  92% (95% confidence 

l i m i t s  82 - 98%) o f  the r o t a t i o n  f indings. 

structures, was 

Another 6 o f  the ro ta to ry  i n s t o b i l i t i e s  were based 

i.e. ro ta t i on  without any force applied, can a lso be calculated Hn15' 
This meant another 

As exposures during pressure i n  a 15O external ly  ro tated pos i t i on  af- 

forded only one add i t iona l  p o s i t i v e  r e s u l t  (Case 140), and since i t  requires 

2 fur ther  exposures, t h i s  extension o f  the examination can be omitted. 

complete exminat ion  i n  30" external ly  ro tated pos i t i on  o f  the foo t  a f ford-  

ed one add i t iona l  pos i t i ve  ro ta t i on  f ind ing  (Case l50), but  requires 6 f u r -  

ther exposures. I n  my opinion, therefore, t h i s  extension o f  the method can 

also be omitted. 

t i o n a l  exposures, and i n  t h i s  study i t  gave only two f ind ings (Cases 16 and 

148) which could not be di:jclosed by simpler means. 

therefore, presumobly be ornitted. However, i n  connection wi th t h i s  evalua- 

t i o n  i t  must be mentioned that these major examinations could not be performed 

very o f ten  i n  the present material.  

disclosed more cases o f  ro ta t ion .  

A 

Exminat ion i n  30' i n t e r n a l l y  ro tated foo t  requires 6 oddi- 

This  extension too should, 

I f  they had, they might possibly have 

Accordingly, the comporison o f  simple and more complex methods should 

be regarded merely as an applicoble, p r a c t i c a l  guidance - and o f  course 

methodological and s t a t i s t i c a l  objections can be ra ised ogainst i t .  

theless, i t  represents the number o f  exaninations and comparisons which were 

possible and practicable, 

Never- 

and I am convinced tha t  i t  i s  good guidance. 

According t o  requirement, 8 o r  12 exposures w i l l  presumably be used, 

and the appurtenant p o s s i b i l i t i e s  o f  ca lcu lat ion.  

The values f o r  these r o t a t i o n  terms have o f ten  been f a i r l y  close above 

the c r i t i c a l  leve l ,  but when reaching somewhat higher values they have been 

numerically from about 

Case 107). 

5.0 mn t o  9.5 mn ( the l a t t e r  being the Fn150 ext i n  

Predic t ive Values 

PV and PV have been defined i n  the survey and i n  (5). I n  the l a t t e r  
PO s neg 

(5, p. 306) i t  was stated how PV a l te red  fu r ther  i n  favour o f  and PV 
PO 5 neg 
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gonylaxometry i n  r e l a t i o n  t o  t h e  c l i n i c a l  examination, i f  a n  attempt is  m o d e  
t o  d i s t i n g u i s h  between a n t e r i o r  a d  p o s t e r i o r  drawer s i g n s .  Such a calcula- 
t i o n  was carried out fo r  group 1 (shown i n  Table 14 ) .  
i n  paper  ( 5 )  s t i l l  apply .  

The f i g u r e s  r epor t ed  

A matter of very  g r e a t  importance i s  what happens t o  t h e  PV 
PVnW on rounding t h e  results of measurements and c a l c u l a t i o n s  t o  whole 
f i g u r e s .  
of TP, TN, FP, and FN measuring r e s u l t s  w i l l  occur on such a change i n  t h e  
cr i t ical  l e v e l s ,  as t h e  rounding i.s s t r i c t l y  speaking a s l i g h t  a l t e r a t i o n  of 
t h e s e  c r i t i ca l  l e v e l s .  I t  m u s t  be! endeavoured, t h e r e f o r e ,  t o  c a r r y  o u t  t h i s  
a l t e r a t i o n  of t h e  c r i t i ca l  l e v e l s  i n  a way which makes 
change i n  t h e  p r e d i c t i v e  v a l u e s  of t h e  test. 

and 
POS 

These p r o b a b i l i t i e s  r e f l e c t  whether changes i n  t h e  d i s t r i b u t i o n  

fo r  t h e  least p o s s i b l e  

Basis f o r  Deciding t o  Round Off t h e  C a l c u l a t i o n  Results 
t o  Whole Millimetres (mm) 

As i t  h a s  been demonstrated p rev ious ly  t h a t  t h e  inaccuracy  of t h e  measurement 
for  a l l  parameters  exceeds 1 mm ( 3 ) ,  i t  seems reasonab le  t o  round off t h e  test 
results t o  whole mn. 

a rounding. 
Thereby, t h e  c r i t i ca l  l e v e l s  w i l l  a lso be  sub jec t ed  t o  

When rounding t h e  c r i t i ca l  l e v e l  f o r  medial  i n s t a b i l i t y  t o  2 m, t h i s  
f i g u r e  w i l l  be cons ide red  normal, whereas va lues  rounded to  3 mn w i l l  be 
abnormal. T h i s  presupposes  a numerical  c a l c u l a t i o n  as f o l l o w s :  /parameter 
va lue  of i n j u r e d  knee less t h a t  of’ t h e  un in ju red  knee/. 
t h e  new l i m i t  w i l l  be 2.4 mm. A t  t h i s  va lue  a d  below it t h e  result i s  nor-  
mal (rounded t o  2 m), bu t  i f  i t  is 2.5 mm 

t h a t  case t h e  f i g u r e  w i l l  be  e l evu ted  t o  3 mm). 

With one  decimal,  

or over it i s  abnormol ( a s  i n  

This  w i l l  t r a n s f e r  t h e  results f o r  m e d i a l / l a t e r a l  i n s t a b i l i t y  i n  Cases  
18 (A = 2.3 m m ) ,  113, 120, 135, and 150 to  t h e  group of FN. In  t h e  to ta l  re- 
s u l t ,  i t  w i l l  mean a f u r t h e r  5 FN va lues  and 5 TP va lues  less: 
t o t a l  number N = 152, TP = 82, TN = 60, FP = 0, FN = 10, 

8 2  
"pas - TP + FP 

- TP - - ‘ n ~  = 100% (96 - 100%) 

- m~ = 86% ( 7 5  - 93%) - TN - 60 

wi th  t h e  95% conf idence  limits i n  b racke t s .  
“neg - TN + FN 

Expressed i n  words: The PVpos remains unchanged, wh i l e  t h e  PV h a s  
neg 

been reduced from p rev ious ly  92% t o  86% ( c f .  ( 5 )  p. 308). However, t h e  in -  
juries which escape  d e t e c t i o n  (new FN) are very  mild, and i t  mus t  be inc luded  
i n  t h e  r e f l e c t i o n s  t h a t  such mi ld  i n s t o b i l i t i e s  do n o t  u s u a l l y  i n d i c a t e  opera- 

t i o n .  Therefore,  t h e  reduced PV under t h e s e  c o n d i t i o n s  i s  of no import-  neg 
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once (Wulff 1973 b ) .  
l i m i t s  : 

This  speaks  f o r  us ing ,  when rounding o f f ,  t h e  fo l lowing  

< 
> 

f o r  medial  s t a b i l i t y :  va lues  = 2 mn 

i n s t a b i l i t y :  va lues  = 3 mn. 

Measurement of Lateral S t a b i l i t y  

With t h e  same rounding, i .12 .  t h e  same a l t e r a t i o n  of t h e  l e v e l  as f o r  medial  

i n s t a b i l i t y ,  Case  61 ( 6  = 2 . 1  mn) w i l l  have t o  be re -eva lua ted  from FP t o  TN. 
Case 142 (6 = 2.3) becomes nega t ive .  A s  t h i s  was an  old i n j u r y ,  i n  which 

both menisc i  of t h e  knee had p rev ious ly  been removed, i t  i s  d i f f i c u l t  t o  
c l a s s i f y  t h i s  f i n d i n g  as a t r u e  or  false nega t ive  - and i t  i s  of no i n p o r t -  

once as t h i s  n e g l i g i b l e  i n s t a b i l i t y  h a r d l y  r e q u i r e s  any t r ea tmen t .  

w i l l  no t  be a l t e r e d ,  as the? v a l u e  i s  0 .6  mm above t h e  normal l i m i t .  
few major lateral i n j u r i e s  (Cases 70, 76), i n  which o p e r a t i o n  i s  i n d i c a t e d  

i n t .  al.  because of l a t e r a l .  i n s t a b i l i t y  i n  t h e  f r o n t a l  p lane ,  showed stress 
rud iograph ic  measurements of lateral i n s t a b i l i t y  f a r  above t h e  l e v e l  at which 
t h e  small roundings e x e r t  cmy in f luence ,  and t h e y  are accord ing ly  not  a f f e c t -  

ed thereby .  

Case 153 

The 

I t  i s  then  p e r m i s s i b l e  t o  use t h e  sane  c r i t i ca l  l e v e l s  as those  men- 

t i o n e d  f o r  medial  i n s t a b i l i t y .  

An te ropos te r io r  Displacement 

I n  a concre teand  wel l -def ined  concept u n i t ,  such as traumatic i n j u r i e s  t o  

t h e  knee wi th  r u p t u r e  of l igaments ,  it m u s t  be r easonab le  t o  use t h e  97% 

c e n t i l e  f o r  measurements i n  normals as t h e  cr i t ical  l e v e l  f o r  i n j u r i e s .  

lower va lue  

l e v e l  g i v e s  3 mm f o r  a n t e r i o r ,  p o s t e r i o r ,  or t o t a l  a n t e r o p o s t e r i o r  d i s p l a c e -  

ment of each of t h e  t i b i a 1  condyles  s e p a r a t e l y  or t h e  mean the reo f  (drawer 
s i g n ) .  

l e v e l s  f o r  a n t e r o p o s t e r i o r  (displacement:  

A 
would h a r d l y  be expedient .  A f t e r  rounding, t h i s  c r i t i ca l  97& 

Therefore,  i t  m u s t  Ibe a t tempted  t o  set up t h e  fo l lowing  c r i t i ca l  

< 
va lues  = 3 min: normal 

v a l u e s  2 4 mn: abnormal. 

This  t r a n s f e r s  Cases  75 and 144 from TP t o  FN, and 

a c c e p t a b l e  change i n  t h e  f i n a l  result. 

t h i s  causes a small, but  

TP = 45, FP = 1, TN = 98, FN = 6, N = 150, 

- 45 = 98% (88 - 100%) unchanged, - TP 

- TN - 98 - 98 9a (97 - 97%) (prev ious-  
pvpos - TP + FP -?3 
'"neq TN + I-N - 98 + 6 - = 

l y  96%). 
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Levels for  Rotatory Instabi l i ty  
As apparent from Addendum I, rounding off t h e  c r i t i c a l  levels selected there 
for  rotation (cf .  Also Addendum 11, Calculation Rules) gives 3 mm, so that 
va lues  of 4 mm or over m u s t  be considered abnormal. 
position of the foot, 15' externally rotated foot, and 30' internally rotated 
foot . 

T h i s  applies t o  n e u t r a l  

A s  mentioned i n  the conclusion of Addendum I ,  measurement a t  30' ex- 
ternal rotation gave 
measurement - s t i l l  as t h e  difference between the person's two knees. 
ever, as t h i s  position i s  not among those recomnended fo r  standard 
ments, i t  w i l l  be disregarded here. 
applies t o  foot positions neutral and 15' externally rotated. 
values for  these positions are  used as  i n  anteroposterior displacements, 

i n  one normal person up t o  4 mn i n  one rotation 
How- 

measure- 
The suggestion concerning c r i t i c a l  l e v e l s  

If the same 

values  1. - 3 mm: normal., 
> 

values = 4 mn: abnormal, 
the rotation w i l l  be overlooked i n  Cases 43, 115, 120, 121, 133, and 141. 
That is, s i x  out of 51 rotation cases (1%). 
fo r  the simplification of t h e  c r i t i c a l  levels. 

T h i s  seems a reasonable prioe 
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LIST OF ABBREVIATIONS 

Anatomical nunes: 

A a :  a n t e r i o r  cruciate l iganent .  

PCL: p o s t e r i o r  c r u c i a t e  l iganent .  

SMCL : 

DMCL: deep medial collateral l iganent .  

avKL : 
L a  : 
M: medial meniscus. 

LM: lateral  meniscus 

s u p e r f i c i a l  medial c o l l a t e r a l  l igunent  . 

oblique medial c o l l a t e r a l  l iganent  . 
lateral  c o l l a t e r o l  l i g m e n t  . 

Radiographic, physical ,  .and s ta t is t ical  terms: 

a-p radiographs: an teropos ter ior  radiographs, i.e. an teropos ter ior  
d i r e c t i o n  o f  t h e  bean. 

a-p displacement: displacement of t h e  t i b i a  i n  t h e  a n t e r i o r  o r  pos te r ior  
d i r e c t i o n  r e l a t i v e  t o  t h e  femur. 

kp: kilopond, 1 kp = 9.807 N. 

kN: kilo-Newton, 1 N: 1 Newton ( i n  t h e  t e x t )  

N: 

Wpos: 

PVneg: 
SD: standard deviat ion.  

number ( i n  t a b l e s  and formulae).  

p red ic t ive  value of a p o s i t i v e  test. 

pred ic t ive  value o f  a negat ive test. 

TN: true negat ive.  

TP:  true p o s i t i v e  

FN: f a l s e  negat ive 

FP: false p o s i t i v e  

x : mean. 
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