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An evaluation of the posterior cruciate ligament
function in total knee arthroplasty with regard
to its morphology and clinical properties
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The aim of the study was to determine the degree of posterior cruciate ligament
(PCL) degeneration and the reduction in the number of its mechanoreceptors, in
patients with advanced degenerative joint disease. PCLs taken from study group
of 50 patients in the mean age of 70.7 (53-84) years with a diagnosis of advan-
ced idiopathic osteoarthritis undergoing condylar total knee arthroplasty were
compared to those taken form the control group of 10 knee joints of cadavers.
Groups were matched with regard to sex and age. Histological examination of
PCLs of the study group showed changes of an inflammatory process and no
significant signs of osteoarthritis in the control group. A close correlation was
found between the severity of degenerative changes on the X-ray images accor-
ding to the Ahlbdck scale, and the increased mucoid degeneration (p < 0.0001),
the severity of the degeneration of the collagen structure (p < 0.0001) and the
presence of proprioceptors of PCLs (o < 0.0001). Conserving the PCL by the use
of type cruciate retaining knee arthroplasty does not guarantee the preservation
of correct proprioceptive sensation. (Folia Morphol 2017; 76, 1: 94-99)

Key words: posterior cruciate ligament, osteoarthritis, knee replacement,
proprioception, function

INTRODUCTION

The literature presents no clear position regarding
the suitability and differences between two basic types
of total knee arthroplasty (TKA): cruciate retaining
(CR) and the posteriori stabilised (PS). It is very dif-
ficult to distinguish the survival length and kinemat-
ics of implants manufactured by various firms with
regard to the material used, the shape of the poly-
ethylene insert and the shape of the femoral element.
The continual development and improvement of both
types of implants, together with the introduction of
such surgical techniques as computer navigation and

“patient-matched instrumentation”, has led to a lack
of fully objective studies comparing the two types of
implants, and hence, an absence of strict guidelines
for applying types of TKA in the treatment of osteo-
arthritis. The main difference between the two types
of condylar TKA is based on the presence or absence
of the PCL. It may be left intact, as is the case with
the CR TKA, or replaced by a tibial insert and shape of
femoral element, as in the PS TKA. Therefore, the key
to the matter is the role of the PCL in TKA.

The thesis of the paper assumes that if osteoar-
thritis affects all the elements of the knee joint, it
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should also include the posterior cruciate ligament
(PCL), and should influence its proprioceptive and
biomechanical properties. For this reason, the PCL
will not provide sufficient stability for the knee after
TKA, particularly in patients with advanced arthrosis.
In this case, it is more justifiable to use the PS type
TKA, which thanks to its construction, replaces the
biomechanical function of the PCL.

The aim of the study was to determine the degree of
PCL degeneration, and the reduction in the number of its
mechanoreceptors, according to microscope examination
in patients undergoing TKA for advanced degenerative
joint disease. The study also compares these results with
those of cadaver knees without osteoarthritis.

MATERIALS AND METHODS

The study group comprised 50 patients (40 wom-
en and 10 men) with a diagnosis of idiopathic osteo-
arthritis undergoing PS-type condylar TKA. The age of
the patients ranged from 53 to 84 (mean 70.7) years.
Each patient was subjected to X-ray examination of
the knee joint in two projections: antero-posterior
(AP) and lateral in a standing position.

The control group comprised 10 PCLs taken
from 10 knee joints of cadavers. The cadavers were
matched to those of the study group with regard to
sex and age (7 women and 3 men, aged from 67 to
78 [mean 72] years). No degenerative changes were
noted in the knee joints in the control group. No sta-
tistically significant differences were noted between
the study group and the control group with regard
to age (p = 0.94) or gender (p = 0.78).

The following inclusion criteria were applied: in-
formed consent of the patient to participate in the
study, no evidence of posterior instability of the knee
during clinical examination (posterior drawer test), no
evidence of macroscopic damage to the PCL during
surgery or autopsy, radiological documentation of
advanced idiopathic osteoarthritis of the knee in the
study group. The study excluded patients with rheu-
matoid arthritis (RA) and other systemic connective
tissue diseases, post-traumatic osteoarthritis, as well
as vascular and metabolic diseases likely to have an
impact on the quality of the PCL.

Degenerative changes to the joints were rated ac-
cording to the Ahlback radiological scale [1]. Twenty
patients were found to have grade 3 changes, 19 with
grade 4 and 11 with grade 5.

The PCL preparations were taken and prepared for
histological examination, identical procedures being
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used for both the study and control groups. All were
subjected to haematoxylin and eosin, Alcian blue,
Gomori and van Gieson staining, and an immunohis-
tochemical method using anti-S-100 antibodies [8].

Mucoid degeneration of the ligament was evaluat-
ed by Alcian blue dye. The following scale was used for
grading the degree of degenerative change: grade 0
— fully functioning ligament; grade 1 — a single
mucoid change; grade 2 — some mucoid degenera-
tion; grade 3 — clear mucoid degeneration; grade 4
— massive mucoid degeneration with the presence
of small individual mucoid lakes; grade 5 — mas-
sive mucoid degeneration with the presence of large
number of mucoid “lakes”.

Van Gieson and Gomori staining was used to
determine the severity of collagen degeneration ac-
cording to the following scale: grade 0 —regular liga-
ment; grade 1 — a small undulation of the collagen
fibres, without fibration or disintegration; grade 2
— a small undulation of collagen fibres with fibra-
tion and disintegration; grade 3 — a clear undulation
of collagen fibres with fibration and disintegration;
grade 4 — significant undulation with stratification
and disintegration.

Immunohistochemical staining with DAKO S-100
antibodies. The following scale was used to evaluate
the number of neurofilaments: grade 0 — no neuro-
filaments; grade 1 — a few neurofilaments; grade 2
— a large number of neurofilaments.

Statistical analysis

Statistica 9.0 (StatSoft) was used for all statistical
analyses. The Mann-Whitney test was used to test the
difference in age between patients and controls, as
well as the differences of PCLs between patients and
controls. The y? test with Yeats correction was used to
evaluate differences in gender distribution between
the study and control groups. The Spearman’s rank
test was used to examine the correlation between
the severity of degenerative changes and the sever-
ity of the mucoidal degeneration of the PCL (Alcian
blue stain), and the severity of the degeneration of
the collagen structure of the PCL (Gomori and van
Gieson stain). The level of significance was regarded
as p < 0.05.

RESULTS
Routine staining with haematoxylin and eosin was
used to reveal the histological appearance of the liga-
ment. The presence of blood vessel and mononuclear
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Table 1. A comparison of the degree of mucoid degeneration, degree of collagen degeneration and the presence of neurofilaments with
Ahlback score, indicating the number of preparations in the posterior cruciate ligament test group and control group

Scale Ahlbdck  Ahlback Ahlbéack Ahlbéck Control Control
3 4 5 vs. parameters group vs. study
in the study group group
Degree of mucoid 0° 0 0 0 2
degeneration 1 5 1 0 8
2 9 4 1 p < 0.0001 0 p < 0.0001
¥ 5 7 2 0
& 1 6 8 0
5° 0 1 0 0
Degree of c_ollagen 0° 0 0 0 8
et P :
2 13 3 0 p < 0.0001 0 p < 0.0001
K 5 10 2 0
g 0 6 9 0
Presence of 0° 0 16 1" 0
neurofilaments & 13 3 0 p < 0.0001 3 p < 0.0001
2 7 0 0 7

cell proliferation, cartilage or bone metaplasia was
revealed. In all samples, the study group showed
changes of an inflammatory process; however, no
significant signs of osteoarthritis were found in any
of the PCLs from the control group. As there was
no possibility to systematically assess the degree of
change, the results of this test were not intended for
statistical analysis. The results of the Alcian blue and
van Gieson and Gomori staining, as well as the S-100
antibody analysis, are shown in Table 1.

A close correlation was found between the severity
of degenerative changes identified in the X-ray images
according to the Ahlback scale, and the severity of the
mucoid degeneration of the PCL identified by Alcian
blue staining (p < 0.0001, test value 0.615), the sever-
ity of the degeneration of the collagen structure of the
PCL (Gomori and van Gieson stains) (p < 0.0001, test
value 0.759) and the presence of neural elements in
the ligament samples (anti-S-100) (p < 0.0001, test
value 0.844). Samples graded higher according to the
Ahlback scale possessed fewer receptors, as revealed
by staining of antibodies.

A statistically significant difference was also found
between the study and control groups with regard
to the degree of mucoid degeneration, degree of
collagen degeneration and occurrence of proprio-
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ceptors/neural elements (p < 0.0001, p < 0.0001,
p < 0.0001, respectively).

DISCUSSION

Posterior cruciate ligament samples taken from
patients with degenerative disease of the knee un-
dergoing TKA were evaluated by microscope. In these
tests, it was found that the mucoid degeneration of
the ligament was related to the stratification and
destruction of collagen fibres. Similar changes have
been described previously by Nelissen and Hogendorn
[13]in 20 PCL samples taken during TKA. They report
mucoid degeneration and abnormal course, with
disturbances in the spatial structure of the collagen
fibres. However, the interpretation of these results is
complicated by the lack of homogeneity of the study
group, of which almost half (9 of 20) is composed
of patients with RA. In addition, it is practically im-
possible to extrapolate any meaningful results from
the control group, which consisted of 1 person and
was unrepresentative of the age of the study group.
A similar study by Klainbart et al. [11] compares the
histological images of 24 PCLs taken from 24 patients
during TKA of the knee with those of 36 PCL taken
from cadavers or amputated limbs, with the study
and control groups being matched for age. As noted



D. Marczak et al., PCL function in total knee arthroplasty

in the present work, Klainbart et al. [11] revealed
significantly greater degenerative changes to the PCL
in the study group compared with the control group.
This suggests a reduction in the mechanical proper-
ties of the PCL in osteoarthritis patients compared to
those in a population of a similar age.

An attempt to compare the macroscopic and his-
tological pictures of both cruciate ligaments in osteo-
arthritic knee joints was made by Allain et al. [3]. Of
52 PCLs evaluated macroscopically as healthy, only
22 did not demonstrate changes under histological
examination, which gives a clear indication of the
difficulty of deciding whether to preserve the PCL
during TKA based only on the evidence of macro-
scopic changes. This lack of correlation between the
degree of histological degeneration in the PCL during
osteoarthritis and macroscopic assessment has also
been confirmed by Akisue et al. [2] and by Stubbs et
al. [21]. After evaluating the histological changes to
50 PCLs, the latter report that PCLs typically exhibit
varying degrees of degenerative histological changes.
However, the degree of these changes observed under
microscopic examination is not a suitable basis for
making an intraoperative assessment of patients with
degenerative disease. This represents a significant
problem for the surgeon in pre- and intraoperative
planning [21].

Radiological imaging is crucial in preoperative
planning. More advanced changes identified by radi-
ography are associated with greater mucoid degen-
eration of the ligaments and greater stratification and
serious destruction of collagen fibres. The presence of
a significant correlation between histological chang-
es occurring in the PCL and the degree of changes
observed radiologically would be a valuable one: it
would allow the surgeon to estimate the degree of
PCL degeneration on the basis of pre-operative X-ray
images and to decide on the possible removal of the
degenerate PCL and make an appropriate choice of
prosthesis. However, no such correlation was demon-
strated by Stubbs et al. [21] in an evaluation of the
degree of advanced degenerative disease.

Proponents of conserving the PCL during arthro-
plasty cite its role in proprioception of the knee joint.
The first study on the presence of mechanoreceptors
in the ligaments of the knee joint was published by
Schultz et al. [15]. They show nerve endings to be
present in anterior cruciate ligament and PCL prepara-
tions, while also observing a reduction in the number
of mechanoreceptors in degenerative diseases of the
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knee. The presence of proprioceptors in the PCL has
been demonstrated by a number of authors using
various staining methods [9, 13]. Barrett et al. [4] and
Skinner et al. [19] describe a weakening of proprio-
ception to be associated with age and with greater
degenerative disease.

Simmons et al. [18] examined the role of proprio-
ception in knee replacement in a group of 28 patients
aged between 50 and 80 years of age with a very
good post-operative clinical score who underwent the
procedure. In 15 patients, the PCL was not removed
and a CR endoprosthesis was implanted, while in the
other 13, the PCL was removed and a PS implant in-
serted. All patients received very good results on the
Knee Society Score (KSS) scale. Patients with grade I
degenerative changes were mainly those who had re-
ceived a CR endoprosthesis, and patients with stage Il
PS. Proprioception was rated on a special device
in all patients (proprioception testing device), with
no significant difference being identified between
the patient groups. However, among patients with
a significant degree of degenerative changes (grade
Ill), those with a PS endoprosthesis demonstrated
significantly better proprioception than those who
had received a CR implant. For patients with grade Il
degeneration, no statistically significant differences
in proprioception were found between those with PS
and those with CR implants [18].

Similar results were obtained by Lattanzio et al.
[12], who compared the proprioceptive function of
20 patients undergoing TKA: some by implantation of
PS, and some by CR. Conserving the PCL was found to
have no positive effect on the proprioceptive function
of the artificial joint. Cash et al. [6] also compared
proprioception, and noted no difference in the feel-
ing of knee flexion in two 30-person groups after
a minimum of a year following implantation of either
PS or CR endoprostheses. Swanik et al. [22] rated
proprioception in 20 patients after total CR and PS
arthroplasty. A small improvement in proprioception,
as well as range of motion and stability of the arti-
ficial joint, was noted in all patients. No significant
difference was noted between patients in whom
the PCL had not been removed and in those after PS
implantation.

The weakening of the structure of the PCL and its
proprioceptive function in osteoarthritis has a signifi-
cant impact on postoperative outcome of the artificial
joint. Preserving a deficient PCL eventually leads to the
loss of stability of the artificial joint and rapid destruc-
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tion of the polyethylene insert [16]. In addition, other
arguments have been proposed against leaving the
PCL intact during TKA. During surgery, unintended
injury to the PCL often occurs by resection of the
proximal tibia [17]. Additional PCL injuries can occur
during an attempt to equalise flexion and flexion after
resection of the articular ends of the bones forming
the knee joint, which is a difficult technique [20]. If
the PCL is too tensed, the flexion space is less than
the extension space. This leads to a restriction in the
range of flexion and increases the stress shielding,
affecting the operation of the posterior part of the
tibial tray, in turn leading to faster aseptic loosening
[16]. In correctly balancing the PCL, the surgeon is
often forced to partially loosen the PCL with the aim
of achieving equal flexion and extension spaces.

A number of authors who have performed studies
on balancing the kinematics of PS and CR endopros-
theses have shown that removal of the PCL and the
implantation of a PS endoprosthesis not only increas-
es the range of motion, but also prevents dislocation
and makes walking upstairs more comfortable [14,
24]. Some works have been published which reveal
no significant difference in clinical outcome between
CRand PSTKA[5, 7, 10, 23]. It can be concluded that
the removal of the PCL does not result in deteriora-
tion of proprioception, range of motion or patient
satisfaction. Arthroplasty with removal of the PCL is
technically easier than the use of CR and gives long-
term results which are equal, or often better, in terms
of movement [14, 24].

The relationship between histological changes
to changes observed in preoperative radiographic
examination is of great importance in obtaining good
long-term postoperative results. This work confirms
the existence of a significant correlation between
the histological changes taking place in the PCL and
the level of radiological changes graded according
to the Ahlback scale. These findings will enable the
surgeon to predict the destruction of the PCL on the
basis of pre-operative X-ray images. They will also
allow a pre-operative decision to be made regarding
removal of the degenerate PCL and implantation of
a PS-type endoprosthesis.

CONCLUSIONS

A close correlation exists between the level of
advanced degenerate changes in the knee joint ac-
cording to radiological examination, and increased
mucoid degeneration, increased degeneration of the
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collagen structure, and reduction in the number of
proprioceptive nerve elements in the examined PCL.
Conserving the PCL by the use of type CR knee arthro-
plasty does not guarantee the preservation of correct
proprioceptive sensation.
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