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ABSTRACT – We examined the macroscopic appear-
ance of both cruciate ligaments in 52 knees during knee 
replacement. It was classsi� ed as normal, abnormal or 
ruptured. The ligaments were also evaluated histologi-
cally: stage 0 (normal), stage 1 (degeneration of < 1/3 
of the collagen � bers), stage 2 (degeneration of 1/3–2/3) 
and stage 3 (> 2/3).

17 anterior cruciate ligaments (ACL) were normal, 14 
were abnormal and 21 ruptured. All the posterior cruci-
ate ligaments (PCL) were normal. 14 ACL were stage 0, 
6 stage 1, 8 stage 2 and 24 were stage 3. 22 PCL were 
stage 0, 14 stage 1, 13 stage 2 and 3 were stage 3. When 
the ACL was abnormal or ruptured, the PCL was stage 
0 only in one fourth of the cases. 

The long-term results of TKR retaining the PCL 
should be better if the ligament is strong. The intraop-
erative assessment of the macroscopic appearance of the 
ACL re� ects the histological state of the PCL.

n

There is still a controversy as regards the retention 
of the posterior cruciate ligament (PCL) during a 
total knee replacement (TKR) (Freeman and Rail-
ton 1988, Howard et al. 1994). Clinical and radio-
logical studies have stressed the superiority of one 
or the other of the approaches with varying results 
(Becker et al. 1991, Shoji et al. 1994, Cash et al. 
1996). Many factors can explain the dif� culty of 
comparing these alternatives. Some authors have 
studied the kinematics of operated knees in rela-
tion to the retention or not of PCL (Allain et al. 
1997, Andriacchi et al. 1982), but other parame-
ters can affect the results. The existence of histo-
logical damage o cruciate ligaments in arthrosis, 
previously reported by Kleinbart et al. (1996), can 
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make their retention dubious when performing a 
TKR. We did macroscopic and microscopic exam-
inations of the cruciate ligaments, when perform-
ing a TKR to determine the incidence of degenera-
tion of the ligaments and specify in which cases the 
PCL could be retained.

Patients and methods

45 patients (30 women) operated on with a postero-
stabilized TKR because of arthrosis were included. 
7 patients operated on bilaterally were included 
twice except for the statistical analysis. Their aver-
age age was 76 (64–84) years. None had a history 
of knee trauma or previous surgery.

The macroscopic appearance during surgery in 
both cruciate ligaments was evaluated and classi-
� ed in 3 stages: normal, abnormal (thinner than 
normal and sclerotic) or ruptured (complete dis-
appearance of the ligament, which is destroyed, 
or persistence of only a few � bers). Both cruciate 
ligaments were removed in one piece with the 
tibial plateau, � xed in 10% formalin and decalci� ed 
in 10% acid nitric solution for histological study 
(Figure 1). The histological � ndings in both cruci-
ate ligaments were divided into 4 stages, accord-
ing to the degeneration of the collagen on lon-
gitudinal sections, stained with hematoxylin and 
eosin (Figures 2, 3 and 4) (stage 0: normal, stage 
1:  degenerative lesions of collagen � bers in less 
than one third of the ligament thickness, stage 2: 
 degenerative lesions of collagen � bers between one 
third and two thirds of the ligament thickness, stage 
3: degenerative lesions of collagen � bers in more 
than two thirds of the ligament thickness). 
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The chi-square test was used for the statistical 
analysis. A p-value  < 0.05 was considered signi� -
cant. The 7 patients operated on bilaterally were 
included only once in the statistical analysis.

Results

The macroscopic appearance of the ACL was 
normal in 17 cases, thin and sclerotic in 14 cases 
and ruptured in 21. The appearance of the PCL was 
normal in all. Histologically, stage 3 lesions were 
commoner among ACL (Table 1).

Among the 17 macroscopically normal ACL, 
14 were also histologically normal. The 3 remain-
ing ones had minor lesions. The 52 macroscopi-
cally normal PCL were histologically healthy in 
22 cases. The 30 remaining cases had stage 1 or 2 
lesions in 27. 

When the ACL was macroscopically normal (17 
knees), the PCL was histologically healthy in 13 
knees. In the remaining 4, the degeneration never 
involved more than 1/3 of its thickness. However, 
when the ACL was macroscopically abnormal (14 
knees) or ruptured (21 knees), the PCL was histo-
logically abnormal in 26 (Table 2). Among these 26 
cases of histological abnormality in PCL, damage 
to the ligament involved more than 1/3 of its thick-

Figure 1. Intraoperative resection of the cruciate ligaments 
with the tibial plateau.

Figure 2. Photomicrograph of the anterior cruciate liga-
ment biopsy. Normal ligament (stage 0) with no collagen 
� bers damage (hematoxylin and eosin ́ 100). C – collagen 
� bers.

Figure 4. Photomicrograph of the anterior cruciate liga-
ment biopsy. Degenerative lesions (D) of the ligament with 
disappearance of all the collagen � bers (stage III) (H&E 
´ 100).

Figure 3. Photomicrograph of the anterior cruciate liga-
ment biopsy. Degenerative lesions of collagen � bers (D) 
between one third and two thirds of the ligament thickness 
(stage II) (H&E ́ 100). C – collagen � bers.

Table 1. Histological � ndings in both cruciate ligaments

Stage                        ACL                    PCL

0                                 14                      22
1                                   6                      14
2                                   8                      13
3                                 24                        3
Total                           52                      52
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ness in 16 cases. There was a correlation between 
the histological � ndings in the PCL and the appear-
ance of the ACL (p = 0.001).

Discussion

During a TKR, the mechanical function of cruci-
ate ligaments should be preserved. This role can be 
ensured by the ligament itself when it is retained 
(Ewald et al. 1984, Andriacchi and Galante 1988) 
or else it can be entrusted to the implant, a pos-
terostabilized prosthesis (Insall et al. 1982, Scott 
and Rubinstein 1986, Freeman and Railton 1988). 
PCL mechanical abnormalities after TKR can con-
tribute to implant loosening (Lew and Lewis 1982, 
Andriacchi and Galante 1988). Fontanesi et al. 
(1991) reported a functional PCL in two thirds of 
a selected group of 31 patients operated on with 
a PCL-retaining PCA-prosthesis after at least 18 
months. When the frontal preoperative deforma-
tion was > 10° of varus or valgus, this rate fell to 
half. Kleinbart et al. (1996) found that there was a 
correlation between degeneration of the PCL and 
arthrosis of the knee, but not with normal ageing.

The good results after a PCL-retaining knee 
replacement, despite the fact that many posterior 
ligaments have no function, can be explained by 
the design of the implant and by the � nding that the 
ligament plays a secondary role when the implant 
is loaded (Shoemaker et al. 1982) or by improved 
proprioception with a retained ligament (Kennedy 
et al. 1982). 

Table 2. Histological � ndings in the posterior cruciate 
ligament in relation to the macroscopic aspect of the 
anterior cruciate ligament

ACL macroscopic � ndings         PCL histological � ndings
                                                      Stage        Cases      

Normal: 17                                        0               13 
                                                         1                 4 
Abnormal: 14                                    0                 5 
                                                         1                 4 
                                                         2                 5 
Ruptured: 21                                    0                 4 
                                                         1                 6 
                                                         2                 8 
                                                         3                 3 

It is reasonable to assume that if a PCL-retaining 
knee replacement were to be reserved for patients 
with a normal posterior ligament, the results would 
improve. Our study con� rms the observation by 
Noyes et al. (1974) that the macroscopic assess-
ment of a ligament is unreliable for determining 
the histological and mechanical characteristics. Our 
study con� rms the fact that the PCL in gonarthro-
sis is degenerated and insuf� cient in some cases 
(Kleinbart et al. 1996, Fontanesi et al. 1991), but 
it shows that the macroscopic appearance of shows 
the ACL can be used to evaluate the posterior liga-
ment. 
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