Posterior cruciate ligament injury is influenced by intercondylar

shape and tibial eminence size.

Abstract

Background: Little is known about the risk factors for sustaining a PCL rupture. Finding risk

factors is the first step to trying to prevent PCL ruptures from occurring.

Hypothesis: The shape of the knee of patients who obtain a PCL rupture is different from the

shape of the knee of control patients.

Study design: Case-control study; Level of evidence, 3.

Methods: We compared the Anterior-Posterior view X-rays, lateral view X-rays and
Rosenberg view X-rays of 94 patients with a ruptured PCL to a control group of 168 patients
matched for gender with an intact PCL after knee trauma. Statistical shape modelling
software was used to assess knee shape and find differences in anatomical landmarks

between both groups.

Results: Both on the Anterior-Posterior view X-rays as on the Rosenberg view X-rays, we
found shape variants to be significantly different between patients who tore their PCL
compared to patients with an intact PCL after knee trauma. Overall, patients who ruptured
their PCL have smaller intercondylar notches and a smaller tibial eminence than control

patients.



Conclusions: Patients with a PCL rupture have a smaller intercondylar notch and a smaller

tibial eminence compared to patients with an intact PCL rupture after knee trauma.
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What is known about this subject

Posterior cruciate ligament injury is far less investigated than anterior cruciate ligament
injury. Perhaps because the incidence is less great than the incidence of ACL injury, but with
more people participating in sporting activities, these injuries will potentially increase in the
future. Till date, there are no risk factors identified with regard to sustaining a PCL rupture.
There have been numerous of studies published about risk factors for sustaining an ACL
rupture. When risk factors for a PCL rupture can be identified, research can start focusing on
searching for ways to prevent a PCL rupture. For example with specified training programs in

athletes. These programs have proven to work for patients at risk for an ACL rupture.

What this study adds to existing knowledge

To our knowledge, our study is the first one to provide evidence that there are anatomical
differences between patients with a PCL rupture and control patients. Off course, more
research is needed to confirm our findings, preferable in large prospectavily followed
groups. But the fact that the findings of our current study are consistent with findings in ACL
injured knees suggests that the morphology of the intercondylar notch plays an important
role in both PCL and ACL ruptures. Our results could be used in upcoming research into the

risk factors for PCL ruptures and perhaps, in the near future, help to identify individual



patients who are at greater risk for sustaining a PCL rupture. Finding risk factors is essential

if we ever want to be able to prevent PCL ruptures from happening.

Introduction

Identifying risk factors for sustaining a PCL rupture could be useful in preventing a PCL rupture (1).
Till date, there are no risk factors identified with regard to sustaining a PCL rupture. The role of
osseous anatomical variation in a traumatic knee has been investigated in ACL-deficient knees (2).
Statistical Shape modeling is a hypothesis generating model , which can be used to predict which
patients have an increased risk of a rupture or have good or worse clinical outcome in relation with

the shape of the knee(3).

The posterior cruciate ligament (PCL) is the strongest ligament of the knee (4, 5). The exact incidence
rate of a PCL rupture remains uncertain. Based on clinical setting in the emergency department.,
incidence reports of a PCL rupture vary from 4%(6) till as high as 38%(7) of all traumatic knee injuries,
seen there. With more people participating in sporting activities, these injuries will potentially
increase in the future. At short-term follow up a PCL rupture causes pain, posterior laxity and reduces

sports abilities. Over the long-term, a PCL rupture is a risk factor for developing osteoarthritis (8-11).

When shape variants of the knee are identified, it is helpful for screening patients who are prone to a
PCL rupture, for example during medical screening in athletes. Patients with an increased risk could
be counseled and offered additional training of the knee to reduce this risk. These training programs
are only cost-efficient when patients are selected with a high risk of sustaining a PCL rupture. This

has proven efficacy in patients prone for ACL rupture (12, 13).

The shape of the knee can be assessed using standard radiographs, and in general a radiograph will
be obtained after a knee injury or at medical screening for athletes. Because of this widespread
availability and low cost of radiographs, it would be very useful to identify subjects prone to PCL

rupture.



The purpose of our study is to identify any osseous knee shape variations which are related to a PCL.

Patients and methods

We performed a case-control study. All patients with a traumatic knee event that visited the
outpatient clinic of our hospital (name blinded for review) in the period of January 2003 till

May 2014 were eligible.

Cases

Patients were selected as cases after a traumatic knee event, with a PCL rupture confirmed

either by MRI or by arthroscopy.

Controls

Controls were selected after a knee injury comprising of: 1) meniscus tear; 2) combined
medial collateral ligament and meniscus injury. 3) A proven intact PCL and anterior cruciate

ligament (ACL), confirmed by MRI or arthroscopy after the occurrence of the knee trauma;

Selection criteria of our patients and controls were the availability of a lateral view x-ray and
anterior posterior (AP) view x-ray. We also selected the Rosenberg view x-rays, when
available. Controls had to be practicing sports at the moment of the knee trauma. Patients
and controls had Kellgren and Lawrence grade 0-1 at presentation(14). There were no

significant differences between possible confounders such as gender, age and BMI.

X-rays and Statistical Shape Modeling.

The radiological measurements were performed on standard non-weight bearing lateral view

radiographs, AP view radiographs and Rosenberg view radiographs. On the radiographs, we outlined



the distal femur, the proximal tibia and fibula (ASM tool kit, Manchester University, Manchester, UK).
The shape of the distal femur and proximal tibia were defined by 60 landmark points for the lateral
view and 25 landmark points for AP view and the Rosenberg view which were placed along the
surface of the bone on the x-rays. Each point was placed on the same location in each image to allow

comparison between shapes (figure).

Principal component analysis was used to transform the set of points into a statistical shape model,
which comprises a number of shape variants that together explain 95 % of variation in shape of the
knee of the study population. Intra-observer reliability was assessed by outlining 25 x-rays a second
time two weeks later. These 25 x-rays were blinded for the observer. The description of what shape

aspects a variant represents was determined at a consensus meeting.

Statistical analysis

The association between the shape of the knee and whether or not patients had a ruptured PCL was
analyzed by logistic regression analyses. The presence / absence of a PCL rupture was used as
dependent variable and the different shape variants as independent variables.

In total 30 shape variations were found per x-ray view. To correct for multiple testing we applied
Bonferroni correction for multiple comparisons (0.05/30=0.002). All Statistical analyses were

performed with IBM SPSS Statistics for Windows (Version 20.0. Armonk, NY: IBM Corp).

Results

Patients

Of all the patients seen in the period 2003-2014 with a knee trauma, 94 patients with a PCL rupture
were eligible and were included. Of the control patients, 168 patients without a PCL rupture (all with

AP, Lateral and Rosenberg view X-rays) met the inclusion criteria (see figure 1). Of 42 patients with a



PCL rupture Rosenberg view x-ray were available. Patients’ characteristics are shown in table 1. The

diagnosis of the individual control patients are shown in table 2.

Table 1

Patient Demographic characteristics

PCL injured Control group P -
value

(n=94) (n=168)
Age, years 40+ 13.6 38+12.0 .148
BMI, kg/m? 25+3.0 25+3.2 .873
Sex (female) —n (%) 24 (26) 49 (29) .940
Time between
trauma and X-ra

Y 12.6 £ 16 6.9 £ 10 002

(months)

Data are expressed as mean * standard deviation

Body mass index (BMI).



Table 2
Diagnosis of control patients
Diagnosis, n (%)

Medial meniscus tear 57 (33.9)
Lateral meniscus tear 32 (19)
Cartilage lesion 15 (8.9)
Bone contusion 11 (6.5)
Collateral ligament lesion 7 (4.2)
No intra-articular lesions 46 (27.4)
Knee traumas
2005-2014
h 4

Inclusion criteria:

. X-rays available

. Diagnosis confirmed by MRI/Arthroscopy
. Practicing sports

v | v
168 controls with comparable
presentation

94 patients with PCL rupture

Figure 1: Flowchart of patients included in the study.

Shape variants and PCL rupture

Statistical Shape Modelling provided 30 shape variants for the lateral, 30 shape variants for the
Rosenberg and 30 shape variants for the AP view x-rays (variant O to variant 29). The intra-observer
ICC of the placement of the points and the thereafter found different modes were considered good,

with a mean of 0.81 (0.48 to 0.97), with 89% of the variants having an ICC above 0.7.



For the lateral view x-rays we found two shape variants that were significantly different between
cases and controls (table 3). However while analyzing these shape variants it became clear they were
due to positioning of the knee while the x-ray was taken. For the completeness of the article we
decided to publish these results, although they are not caused by variation in shape of the knee
itself. For the AP view x-rays we found 2 variants that were significantly different between patients
with a PCL rupture and controls; For the Rosenberg view we found 3 variants that were significantly

different between patients with a PCL rupture and controls.

Description of the significant shape variants.

Below we present a description of the variants significantly associated with PCL rupture. The software
produces graphics, of which the extremes (+2SD and -2SD) for each variant are depicted in figure 2 and
3 on the left and right side. In the middle an overlay is presented. Higher variants describe more subtle
shape aspects, e.g. the variation in shape represented in , for example, variant 17 is a much more

subtle than the variation represented by variant 1.



Table 3

relation between shape variants and PCL rupture

Odds ratio 95% C.l. P-value

AP view

Variant 13 1.6 (1.2-2.2) .001

Variant 22 1.6 (1.2-2.1) .001
Rosenberg view

Variant 1 0.4 (0.3—0.6) <0.001

Variant 6 0.5 (0.3-0.7) .001

Variant 9 1.9 (1.3-2.7) <0.001
Lateral view Position artifact

Variant 0 1.6 (1.2-2.1) .0015

Variant 1 0.001 (0.001 -0.008) <0.001

Anterior-Posterior view

The intercondylar notch was significantly different between patients with a PCL rupture and healthy
control patients. This was found in both variant 13 and variant 22 on the AP view x-rays, as shown in
figure 2. Patients with a PCL rupture had on average a relatively smaller width of the intercondylar

notch than patients who had an intact PCL. Variant 22 showed a difference in the shape of the tibial
eminence. Patients with a PCL rupture had on average higher tibial eminences than patients who did

not have a PCL rupture.



Figure 2: Graphic outcomes of Statistic shape modelling: Two variants that are significantly different for
patients with intact and ruptured PCL. On the left and right side are the two extremes (+/- 2.5 SD); in the
middle the overlay of both sides. SD = Standard Deviation

Rosenberg view

The intercondylar notch was significantly different between patients with a PCL rupture and healthy
control patients. This was found in variant 1, variant 6 and variant 9 on the Rosenberg view x-rays, as
shown in figure 3. Patients with a PCL rupture had on average narrower intercondylar notches than
patients with an intact PCL. Variant 6 showed a difference in the shape of the tibial eminence.
Patients with a PCL rupture had on average higher tibial eminences than patients who did not have a

PCL rupture.



Figure 3: Graphic outcomes of Statistic shape modelling: five variants that are significantly different
for patients with intact and ruptured PCL. On the left and right side are the two extremes (+/- 2.5 SD);
in the middle the overlay of both sides. SD = Standard Deviation

Lateral view

Variant 1 showed a variation in flexion and extension in the knee. Patients with a PCL injury had on

average more flexion in the knee than patients who did not have a PCL injury.

Variant 2 is a variation in rotation of the tibia. Patients with -SD in variant 2 had a Blumensaat line
that crossed at a steep angle with the midline of the femur. Patients with +SD seemed to have a
larger angle with the midline of the femur. We assumed that this could be explained by a variation in

knee flexion during the taking of the X-ray. Also, patients with -SD seemed to have a less wide tibia in



comparison to patients who scored +SD in variant 2. Patients with a PCL injury scored higher (+SD) on

variant 2 than patients who did not have a PCL injury (-SD).

Discussion

The main finding of the present study is that there are significant differences in bony morphology on
the AP view and Rosenberg view x-ray between patients with a ruptured PCL and control patients. A
smaller and more sharply angled intercondylar notch and a more wider tibial eminence are related to

a PCL rupture.

Previously conducted research showed that patients with a smaller intercondylar notch also have a
smaller PCL and a smaller ACL (15, 16). A smaller PCL can endure less force than a larger PCL. So
combined with our present study it is possible that a patient with a smaller intercondylar notch, also
has a smaller PCL resulting in an increased rupture risk. An alternative explanation is that a smaller
intercondylar notch gives impingement of the PCL by surrounding structures. Triantafyllidi et al (17),
showed that the PCL occupies most of the space of the intercondylar notch in flexion, possibly

resulting in impingement of the PCL in this position.

The findings on the lateral view are explained by variation in positioning of the knee when the x-ray is
taken. The difference found is thought to be the result of difference in flexion and extension
positioning during the taking of the knee X-ray. When we examined the different variants in our
consensus meeting, we viewed 3D, moving animations of the shape variants, on this animation the

differences are more clearly visible than on 2D images.

Research into risk factors for sustaining a PCL rupture is lacking. To our knowledge, our study is the
first one to provide evidence that there are anatomical differences between patients with a PCL
rupture and control patients. Our results could be used in upcoming research into the risk factors for

PCL ruptures and perhaps, in the near future, help to identify individual patients who are at greater



risk for sustaining a PCL rupture. Finding risk factors is essential if we ever want to be able to prevent

PCL ruptures from happening.

Numerous studies into the bony morphology of the knee have focused on patients with an ACL
rupture (18-33) . Recently research had been published that found significant differences in the
shape of the knee between patients with an ACL rupture and control patients. The findings of this
study were consistent with the findings in our present study. The morphology of the intercondylar

notch plays an important role in both PCL and ACL ruptures.

A drawback of Statistical Shape Modelling is that it is not immediately clear what a shape variant
specifically represents as is the case with predefined morphological measures. We used an expert

consensus meeting to determine which shape aspects were captured in each variant.

We specifically included patients after a knee trauma and compared PCL to none PCL trauma
patients. This makes the two selected groups of patients more comparable than when we would
have selected healthy controls without a traumatic event. Radiographs were used for assessing the
shape of the knee. The benefits of the use of radiographs are that they are widely available, relatively
inexpensive. At our hospital patients with a traumatic knee have as an entrance work-up, x-rays of
the knee taken, thus the results of this study have a higher reproducibility and increased

generalizability.

An advantage of Statistical Shape Modelling is that the various variants represent relative variation in
shape, independent of differences in size of the joint. In this way the method reduces errors caused

by variation in magnification or in size variation of the patient’s knee.

Conclusion

This study demonstrates that differences in the shape of the knee are related to the presence of a

PCL rupture after a traumatic event of the knee. A smaller and more sharply angled intercondylar



notch and a more flattened tibial eminence are related to a PCL rupture. This suggests that the shape
of the knee is a risk factor for sustaining a PCL rupture. Further research should focus on these

points of interest to find predictors of PCL rupture.
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