
Acta orthop. scand. 4 8 ,  520-626, 1977 

OSTEOARTHROSIS FOLLOWING INSUFFICIENCY OF THE 
CRUCIATE LIGAMENTS IN MAN 
A Clinical Study 

KLAUS JACOBSEN 

Department of Orthopaedic Surgery 1'3 and Dcpartrnent of Diagnostic Radiology, 
Gentofte Hospital, Copenhagen, Denmark. 

Based on a series of 48 patients with old untreated ruptures of one or 
both cruciate ligaments, the development of osteoarthrotic changes was 
demonstrated by radiography and at operation. The changes were 
similar to those seen in animal experiments and developed in the same 
sequence. Osteophytes occurred in knees with anterior cruciate in- 
sufficiency after about 2 years; significant osteoarthrotic change\ 
occurred after longer periods, and particularly in knees with damage 
to both cruciate ligaments. 
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A matter of current interest to the ortho- 
paedic surgeon is t o  what degree an  un- 
treated rupture of the anterior and/or 
posterior cruciate ligaments may cause 
osteoarthrotic changes in the knee joint 
o f  man. Section of the cruciate ligaments 
in experimental animals causes struc- 
tural changes in the joint cartilage and 
hone (Magnuson 1941, Hulth et al. 1970, 
Marshall & Olsson 1971, Bohr 1976) but 
because the gait and weight-bearing a s  
well as the physical activity in general, 
and the speed of physiological aging pro- 
cesses, arc  so different in the joints of 
animals and man a clinical study of the 
processes in man may help to elucidate 
this problem. 

PATIENTS AND METHODS 

Definition. The term osteoarthrosis is used here 
to describe a condition in which aseptic destruc- 

tion of the articular cartilage lcads to denuda- 
tion of the subchondral bone with subsequent 
structural changes in the form of cysts and 
sclerosis. To the clinician the essential symptom 
is pain. To the pathologist destruction of car- 
tilage is a necessary finding (Collins 1949), 
while to the radiologist the condition is linked 
first and foremost with narrowing of the joint 
space and also with the ahove-mentioned struc- 
tural  changes in  the subchondral bone (Ahl- 
back 1968). The presence of osteophytcs alonc 
cannot be taken as a significant sign of ostco- 
arthrosis (Daniclsson & Ilernborg 1970) .  

Patients.  All  the patients included in  the 
present study were operated on by the author 
during the years 1973 to 1975. The criterion for 
inclnsion was rupture of one o r  both cruciate 
ligaments with symptoms lasting for more than 
6 months. The series comprises 48 patients of 
whom only seven are females. Thirty-six patients 
were below the age of 30 at the time of opera- 
tion and 44 patients below the age of 40; the 
mean age was 28, ranging from 16 to 73. There 
were no bilateral cases. The type of surgical 
repair included 33 cases of the Jones' procednre 
for replacement of the anterior cruciate liga- 
ment, seven other kinds of ligament plasty, 
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Table 1. Findings at  operation graded according to Collins. 0 = no cartilage destruction. 

Type of cruciate Duration of 
ligament rupture condition 

Total no. of Collins’ grade 

0 I I1 111 IV patients 

Anterior cruciate l/z to < 2 years 13 6 2 
2 to 3 years 4 5 2 1  > 3 years 3 6 1  

21 
12 
10 

Posterior cruciate 1 and 5 %  years 1 1 2 

Both 2 , 1 7  and 21 years 3 3 

No. of patients 21 11 11 2 3 48 
- 

three cases of meniscectomy, four explorations 
and one tibia1 osteotomy plus debridement of 
the joint. 

Mrthods. During the operation, a description 
wa4 made of the injury to the ligaments and 
menisci and the state of the articular cartilage 
and the presence of osteophytes was noted. Ahl- 
lliick (1968) recommended radiography of the 
knee joint during weight-bearing in  order to 
disclose narrowing of the articular space. That 
this examination is lacking in  most of the cases 
is irrelevant as the pathoanatomy of the car- 
tilage was examined directly during surgery. 
On the basis of this description the cartilage 
destruction was graded according to Collins 
(1949)  : 

Grade I : superficial destruction of cartilage, 
tangential flaking, early fibrillation and small 
hlisters o r  grooves. KO marginal hyperplasia of 
hone o r  cartilage. 

Grade I1 : more extensive cartilage destruction, 
but still confined to pressure and movement 
areas and without denudation of bone. Dccp 
fibrillation and marked loss of cartilage sub- 
stance. Early marginal hyperplasia. 

Grade 111 : denudation and usually eburnation 
of  bone in one or more pressure areas, though 
regions of unaffected cartilage often remain. 
Ohvious osteophytes a t  joint margins. 

Grade IV:  complete loss of cartilage from 
large areas of the joint surface. Eburnation of 
exposed hone, epiarticular osteophytes, re- 
modelling of the contour of the bone ends, 

Conventional a-p and lateral radiographs were 
ztudied for osteophytosis, Felsenreich’s sign, i.e., 
deformity of the tubercles of the intercondylar 
eminence (Felsenreich 1934) and structural 
changes, i.e., bone cysts and sclerosis. The 
healthy knee was used as a control. 

In order to use both the radiographical and 
operative findings as a combined measure of 
development of osteoarthrosis the suggestions of 
HuIth (1969) have been followed: As Collins’ 

grade I and I1 are clinically silent and osteo- 
phytes without other X-ray changes are not 
sufficient t o  allow a firm diagnosis of osteo- 
arthrosis (Hulth 1969, Danielsson & Hernborg 
1970), these groups have been given a different 
designation on the diagram in Figure 1. Collins’ 
grade I11 and IV and radiographical findings of 
structural bone changes, varus deformity or 
joint space narrowing (as defined by Ahlback) 
have been used as sufficient criteria to allow a 
firm diagnosis of significant arthrosis (black 
columns in Figure 1). 

The findings were correlated with the duration 
of knee instability and with the patient’s aye at 
onset of symptoms. In addition, earlier menisc- 
ectomy was taken into consideration as this 
could influence development of osteoarthrosis 
(Johnson et al. 1974). 

FINDINGS 

The patients were grouped as shown in 
Table 1:  43 patients with rupture of the 
anterior cruciate ligament (group 11, 
two patients with rupture of the posterior 
cruciate ligament (group 2 )  and three 
patients lacking both anterior and pos- 
terior ligaments (group 3 ) .  It appears 
from Table 1 that undamaged cartilage 
became less frequent as the duration of 
symptoms increased, so it can be as- 
sumed that cartilage destruction is a 
progressing phenomenon in these knees. 
If only one of the cruciatc ligaments is 
lacking, the process is relatively slow; i f  
both are lacking the process is quick and 
pronounced-all knees in group 3 belong 
to grade IV. 
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Table 2. Radiographical f indings.  Number of patients w i th  unilateral abnormal findings. 

Type of cruciate Duration of 
ligament rupture condition 

Structural 

joint space 

Anterior cruciate M to < 2 years 19 2 21 
2 to 3 years 5 7 1 12 
> 3 years 2 8 2 10 

Posterior cruciate 1 and 5% years 2 0 0 2 

Both 2,17 and 21 years 0 3 3 3 

No. of patients 28 20 6 48 

Table 3.  Grade of osteoarthrosis according to Collins related to patients’ age at injuru to  cruciate 
ligaments. 0 = no cartilage destruction. 

Patients divided according to Collins’ grade of osteoarthrosis 

0 Grade I Grade I1 Grade 111 Grade IV 
Age (years) No. of patients 

< 20 12 6 (50 %) 3 (25 %) 3 (25 %) 0 0 
20-30 30 14 (47 %) 6 (20 %) 8 (27 %) 2 0 
31-40 3 0 2 0 0 1 
> 40 3 1 0 0 0 2 

Total 48 21 11 11 2 3 

Among the 16 patients in group 1 with 
cartilage wear of grade 1-111 and up to 
3 years since onset of the condition, 
meniscal damage, or  previous meniscec- 
tomy, was found in eight, o r  half of 
them. In those with duration longer than 
3 years, 7 out of 10 had meniscus injury 
o r  an  earlier removed meniscus in com- 
bination with anterior cruciate ligament 
insufficiency. Five of these had cartilage 
wear grade 11-111; two had none at  all. 
Of the three patients with intact menisci, 
two had grade I1 cartilage wear and one 
had none. In  group 3 all had osteoarthro- 
sis grade IV-one of them with intact 
menisci. The importance of this will be 
discussed. 

In  Table 2 the radiographical findings 
are shown, the same grouping of the pa- 
tients being used. The  radiographical 
signs progress a t  a somewhat slower rate 

but in full accordance with the patho- 
anatomical changes. 

Table 3 shows the grade of ostco- 
arthrosis related to the age at  injury. No 
conclusions can be drawn from this, as 
nearly all the patients were below 30 
at  the onset of symptoms and the very 
few older patients ( 6 )  include the three 
with rupture of both cruciate ligaments 
and, in addition, the collateral ligaments 
and among these are two with very long- 
lasting symptoms. They have all odds 
against them and have all developed a 
grade IV arthrosis. 

A summary of the essential results is 
presented in Figure 1. This bar chart 
illustrates the increase in incidencc and 
severity of osteoarthrosis as  the interval 
from the time of the original injury in- 
creases. 

A finding not earlier described in the 
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18 

No. OF 
PATIENTS 

11 

8 

6 

N O  SIGNS OF OSTEOARTHROSIS 

ACUTE OSTEOCHONDRAL FRAC- 
TURE OF TUBERCLE AND/OR FEMORAL 
CONDYLE 0 
COLLINS GRADE I & II 

OSTEOPHYTES BY RADIOGRAPHY 

SIGNIFICANT OSTEOARTHROSIS 

1 / 2 - 1  - 2  - 3  - 4  5-8 15-21 DURATION (YEARS) 

Figure 1. Duration of insufficiencv of crucinte ligaments related to osteoarthrosis in 48 patients. 
Significant arthrosis means that the knee was classified as Collins’ grade III  o r  I V  and /or  showed 
structural changes such as cgsls or bone sclerosis, oarus deforrnitv or joint spare narrowing a& 
rczdiograph!l. The uninjured knee was normal. 

literature is included in Figure 1 .  At 
operation an  acute osteochondral frac- 
lure of the medial tubercle was found in 
four  knees, with an  associated osteochon- 
tiral fracture of the latero-distal aspect 
of the mcdial femoral condyle in two 
knees. Presumably these small fractures 
are  sustained by compression o r  “cut- 
ting” when the two surfaces mentioned 
contact each other during a sudden sub- 
luxation in !he unstable knee. 

In  the three paticnts with rupture of 
1 ~ 1 t h  the anterior and posterior cruciate 
ligament and one of the collateral liga- 
ments (group 3 ) ,  osteophytes, structural 
hone changes and narrow joint space 
were shown at  radiography. A t  operation 
large osteophytes together with wide- 
spread denudation of bone were found. 
In one of these patients the changes 
developed in the course of 2 years 

(Figure 2 ) ,  in  another after 17 years. The 
third patient was a woman of 73 years 
with an  osteoarthrotic varus deformity 
caused by 21 years of knee instability. 
The deformity was corrected by an 
osteotomy. Her other knee was completely 
normal (Figure 3 ) .  

DISCUSSION 

Danielsson & Hernborg (1970) have 
shown that knee joints with ostcophyles 
in the tibiofemoral joint do not neces- 
sarily develop structural changes. They 
do not mention drawer sign or collateral 
looseness, so one must expect that such 
patients were excluded from their study. 

In  studies on dogs after transection o f  
the anterior cruciate ligament in one 
knee, Marshall (1969) and Marshall & 
Olsson (1971) found rapid osteophyle- 
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Figure 2. Photograph f r o m  the  operation of a 49-gear-old man wi th  total rupture o f  both cruciate 
l igaments and the  medial collateral ligament. Duration of knee instabili ty on ly  2 Uears. Note 
destruction of articular cartilage, which  was found  on  all the  articular surfaces o f  the joint .  Here 
only  the  medial femoral condgle is visible. Note also the  marked thickening o f  synouial membrane 
and f ibrous  jo in t  capsule. 

formation in the unstable knee, but no 
suhchondral structural changes (cysts or 
bone sclerosis), even after longer ob- 
servation periods. They conclude, as  do 
Danielsson & Hernborg, that  osteophytes 
are  not necessarily a sign of degenerative 
lesions in  the cartilage, and that the 
diagnosis of osteoarthrosis should not be 
made solely on the presence of osteo- 
phytes. 

From the results of these investiga- 
tions it is not known whether the changes 
caused by unstable knees in the dog-and 
in maii-are of a proliferative type only 
o r  if they are  a precursor to, and may 
develop into, a significant osteoarthrosis. 

That  many patients with unstable 
knees over the years develop an  advanced 
osteoarthrosis has  been stressed by Liljc- 
dahl et al. (1965) .  This is in accordance 

with Collins’ (1949) suggestion that the 
initial lesion of osteoarthrosis is destruc- 
tion of articular cartilage. Such destruc- 
lion seems apt to develop as a conse- 
quence of repeated major and minor 
traumas caused by the numerous sub- 
luxations in unstable knees. Recently 

Figure 3. Lateral and antero-posterior radio- 
graphs o f  a 73-gear-old woman  wi th  an  unstable 
left  knee ( V ) .  T h e  condition had been present 
f o r  21 gears. A t  operation, total  atrophy o f  both 
cruciate l igaments and valgus instabilii!/ was 
found.  The  right knee ( H )  was normal.  L e f t  knee 
with osteophgtosis and bone sclerosis also in 
the  femoro-patellar jo in t .  Loosened cartilage 
pieces have formed f ree  bodies. L e f t  f emoro-  
tibia1 jo in t  w i th  almost completelg obliterated 
jo in t  space, bone sclerosis and compression 
causing varus de formi ty .  
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Bohr (1976) produced experimental 
osteoarthrosis in the rabbit knee joint by 
section of both cruciate ligaments and 
removal of the medial meniscus using the 
method of Hulth et al. (1970). Within 10 
months these animals developed changes 
in the joint cartilage and subchondral 
hone 'of the same severity as  those found 
in advanced osteoarthrosis in man. 

The  findings in the present series are 
in good agreement with the experimental 
results mentioned above. If only one of 
the cruciate ligaments is ruptured many 
years may pass before significant osteo- 
arthrotic changes develop even though 
progressive destruction of cartilage does 
occur over the years. In  severe clinical 
injuries, however, with rupture of both 
cruciate ligaments-comparable to the 
experimental injuries produced in  rab- 
bits by Bohr (1976)-advanced osteo- 
arthrotic changes do develop in a rela- 
tively short time. 

The question of how a meniscus in- 
ju ry  or meniscectomy may influence this 
course was investigated by Johnson et al. 
( 1974). They suggested that  menisc- 
ectomy could cause osteoarthrosis over 
a period of many years. Unfortunately 
his material was not specific as cases of 
associated cruciate ligament rupture 
were fairly frequent. This is due to the 
fact that  these injuries very often are 
combined as they were in the series 
presented above. In  the present series, 
however, 10 patients with cartilage de- 
struction of grade I to 111 and one patient 
of grade IV had intact menisci, which 
suggests that  the menisceal factor is not 
essential, although i t  may be a con- 
tributory factor. This is also the opinion 
of Johnson et  al. (1974). 

I t  may be concluded that osteophytes 
and pathoanatomical lesions of Collins' 
grade I and I1 are  likely to develop within 
about 2 years in knees with anterior 
cruciate ligament rupture. Significant 

arthrosis can develop after longer pe- 
riods, especially in cases of rupturc of 
both cruciate ligaments with gross in- 
stability. An additional meniscus lesion 
or removed meniscus may accelerate the 
process, 
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