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Is axial shape of distal femur different in normal and
osteoarthritic female patients?

Normal ve osteoartritli kadin hastalarda distal femurun aksiyel sekli farkli midir?
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ABSTRACT

Objectives: This study aims to investigate whether the axial
shape of the distal femur is different between normal and
osteoarthritic female knees using statistical shape analysis.

Patients and methods: A total of 126 knee magnetic
resonance images of 126 female patients were examined
in this study conducted between May 2013 and May 2014.
Patients were divided into two groups as study and control
groups. The study group consisted of 41 patients (median age
65 years; min. 36 - max. 88 years) who were determined to
have knee osteoarthritis, while the control group consisted
of 85 patients (median age 43 years; min. 20 - max. 81
years) without knee osteoarthritis. Anatomic and constructive
landmarks were selected and marked on each two-dimensional
digital image in the axial section of the distal femur. The mean
axial shapes of the distal femur were compared between the
groups by statistical shape analysis. Shape deformations were
investigated by thin plate spline analysis.

Results: There were significant differences between the
groups regarding the axial shape of the distal femur. Maximal
deformation was observed in the femoral notch area.

Conclusion: This study showed that there are deformations
in the axial shape of the distal femur in female patients with
knee osteoarthritis. Further studies are required to determine
whether these differences are important for implant design
and surgical technique of total knee replacement.
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Amag: Bu calismada normal ve osteoartritli kadin dizlerinde
distal femurun aksiyel seklinin farkli olup olmadig1 istatistiksel
sekil analizi kullanilarak incelendi.

Hastalar ve yoéntemler: Mayis 2013 - Mayis 2014
tarihleri arasinda yapilan bu c¢alismada toplam 126
kadin hastanin 126 diz manyetik rezonans goruntillemesi
incelendi. Hastalar ¢caligma ve kontrol grubu olmak tizere
iki gruba ayrildi. Calisma grubu diz osteoartriti oldugu
belirlenen 41 hastadan (ortanca yas 65 yil; min. 36 -
maks. 88 y1l), kontrol grubu ise diz osteoartriti olmayan
85 hastadan (ortanca yas 43 yil; min. 20 - maks. 81 yil)
olustu. Anatomik ve yapisal belirtegler distal femurun
aksiyel kesitinde her iki boyutlu dijital imaj uzerinde
secildi ve isaretlendi. Distal femurun ortalama aksiyel
sekilleri istatistiksel sekil analizi ile gruplar arasinda
karsilastirildi. Sekil deformasyonlar: ince levha egrisi
analizi ile incelendi.

Bulgular: Distal femurun aksiyel sekli bakimindan gruplar
arasinda anlamli farkliliklar vardi. En fazla deformasyon
femoral ¢entik bolgesinde gozlendi.

Sonu¢: Bu calisma diz osteoartritli kadin hastalarda
distal femurun aksiyel seklinde deformasyonlar oldugunu
gostermistir. Bu farkliliklarin total diz protezinde implant
tasarimi ve cerrahi teknik acisindan onemli olup olmadigini
belirlemek i¢in daha ileri ¢caligmalar gerekmektedir.

Anahtar sozciikler: Distal femur; diz; osteoartrit; sekil analizi.
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Morphometrics is a field concerned with studying
variation and change in the form (size and shape)
of organisms. Morphometrics can also be defined
as the quantitative analysis of a biological form.
Statistical shape analysis is a method used for modern
morphometric analysis and has recently become more
important in the medical and biological sciences.
Currently, an organ or organism’s appearance or
shape is used as input data in the development of
imaging techniques.!

Osteoarthritis (OA) is a process that is affected
by the etiology of many systemic and local factors.*%
It is widely believed that risk factors which alter the
mechanical environment of the knee joint may cause
knee OA. However, many individuals without risk
factors will develop OA later in life, leading to the
hypothesis that slight differences in joint mechanics,
driven by variability in joint anatomy is responsible
for OA onset and progression.® Although the
relationship between OA and coronal and sagittal
alignments of lower extremities have been studied
in detail, there is limited information on the effects
of morphological differences in the bones of the
knee joint on knee OA. Furthermore, studies that
investigate the role of axial shape of the distal femur
in knee OA are limited.

Most studies about the morphology of the distal
femur are related to the examination of linear and
geometric properties of anatomical landmarks. In
this context, much research has been performed
with the intent of fully describing the morphometric
measurements of the distal femur®® But to the
best of our knowledge, no studies have been based
on statistical shape analysis for investigating
morphologic features in the axial plane of the distal
femur in normal and osteoarthritic patients. The
aim of this study was to investigate whether the
axial shape of the distal femur is different between
normal and osteoarthritic knees in women using
statistical shape analysis on magnetic resonance
imaging (MRI) scans of the knee.

PATIENTS AND METHODS

A total of 126 knee MRIs of 126 consecutive female
patients were examined in this study conducted
between May 2013 and May 2014. The patients were
divided into two groups: the study group, which
consisted of 41 patients who received an MRI after
bilateral standing anteroposterior (AP) radiograph for
degenerative OA and showed > grade 2 Kellegren-
Lawrence OA from a bilateral standing knee AP
radiograph (median age 65 years; min. 36 - max.
88 years), and the control group, which consisted

of 85 patients were determined to have < grade 2
Kellegren-Lawrence OA who received an MRI due to
suspicion of ligament injury due to trauma (median
age 43 years; min. 20 - max. 81 years). None of the
patients had a history of fracture around the knee,
full ligamentous injury or inflammatory arthropathy.
The study protocol was conducted in accordance with
the Declaration of Helsinki (2008) and approved by
the Ethic Committee of Bursa Yiiksek Ihtisas Training
and Research Hospital. All patients signed informed
consent forms for the knee MRIs to be taken.

Images were taken on a 1.5-Tesla scanner
(GE Medical Systems, Milwaukee, WI). Fast spin echo
images (repetition time [TR] = 2,600; echo time [TE] =
35.0) were obtained from above the patella to below
the tibial tubercle. The standard clinical protocol was
used for MRI sections of the knees in full extension,
and axial sections were constructed on a parallel
plane to the joint surface of the tibia. The field of view
was 20 cm, and the slice thickness was 4.5 mm with a
1.5 mm interslice gap. The MRI sections were examined
and by using consecutive scans which showed the
lateral epicondyle and/or the sulcus of the medial
epicondyle, the most prominent point of the lateral
epicondyle and the deepest point of the sulcus were
determined. This slice was used for the measurements.

Collection of two-dimensional distal femur
landmarks

Data from the axial distal femur were collected
from the two-dimensional digital images. Standard
anthropometric landmarks were selected and
marked on each digital image using tpsDig 2.04
software (Rohlf 2005). In addition to the standard

Figure 1. Landmark markings on axial section of distal femur.
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anthropometric landmarks, constructed landmarks covariance matrices was examined using the BoxM
were determined and used to better assess test. Because the variance-covariance matrices were
regional shape differences. Six anatomic and eight not homogeneous, the James F; test based on a
constructive landmarks were marked on the images resampling procedure was performed for shape
(Figure 1). The descriptions of these landmarks are comparisons.
found in Table 1. To obtain the overall measurements of shape
Statistical analysis variability in the groups, we compared the root mean
A generalized Procrustes analysis was used to square of Kendall’s Riemannian distance (rho) to the
evaluate the shapes. The homogeneity of the variance- mean shape.
TABLE |

Description of landmarks used in present study. Landmarks 1-6 were located by
hand. The remaining landmarks were defined relative to these

Number Landmarks

1. The highest point of lateral femoral condyle

2. The lowest point of lateral femoral condyle

3. The highest point of femoral intercondylar notch
4. The lowest point of medial femoral condyle

5. The highest point of medial femoral condyle

6. The deepest point of patellar groove

7. The point at which the line that passes through the midpoint
of the segment, which was drawn from landmark 1 to e
landmark 2, is perpendicular to this segment

L]
Ty e

8. The point at which the line that passes through the midpoint
of the segment, which was drawn from landmark 1 to 1o
landmark 7, is perpendicular to this segment

Se 7 Tjpel

9. The point at which the line that passes through the midpoint
of the segment, which was drawn from landmark 2 to
landmark 7, is perpendicular to this segment

]
Segf yrag

10. The point at which the line that passes through the midpoint  t2e o /7 w1
of the segment, which was drawn from landmark 2 to .
landmark 3, is perpendicular to this segment Lo

11. The point at which the line that passes through the midpoint
of the segment, which was drawn from landmark 4 to f; or i
landmark 5, is perpendicular to this segment

12. The point at which the line that passes through the midpoint s 2
of the segment, which was drawn from landmark 5 to =
landmark 11, is perpendicular to this segment Tein

13. The point at which the line that passes through the midpoint iy
of the segment, which was drawn from landmark 4 to e
landmark 11, is perpendicular to this segment L4

14. The point at which the line that passes through the midpoint L
of the segment, which was drawn from landmark 3 to P
landmark 4, is perpendicular to this segment wioow
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Figure 2. A thin-plate spline demonstrating the average axial
shape of distal femur deformation from the control group to the
study group (see text).

The thin plate spline analysis is interpreted
over the landmarks used in the study, according
to the change (contraction-expansion) of the grids.
In figure 2, by the scaling placed on the right
side of the graph, it can be understood according
to the reference group contraction which occurs
when it is smaller than 1, otherwise the change
occurs as expansion when it is bigger than 1. These
situations are shown using the colors in Figure 2. The
interpretation was made locally in accordance with
this technical information.

In this study, R and PAST (PAleontological
STatistics) 3.0 software programs were used for
statistical analysis.

We calculated the intra-rater reliability
coefficient for a two-facet crossed design (‘landmark
pairs-byrater-by-subject’, 1 x r x s) based on the
generalizability theory (GT). In the GT, the reliability
for relative (norm-referenced) interpretations is
referred to as the generalizability (G) coefficient. In
this study, all landmarks were marked by the same
investigator. After two weeks, the same investigator
marked landmarks on 40 individuals (20 patients
and 20 controls) randomly selected from the study
population. An analysis was performed to obtain a

TABLE Il

Comparison of shape differences and shape variability
between groups

Comparison p  Shape Variability

Patients; (n=41) - Controls; (n=85) 0.010 0.111 0.099

G reliability coefficient. The rating indicated a strong
repeatability for patients (G=0.9833) and controls
(G=0.9963).

RESULTS

Shape differences and shape variability between
groups were investigated using statistical shape
analysis and presented in Table 2. There was a
significant difference found between groupsregarding
the axial shape of the distal femur.

Procrustes mean shapes were computed for TPS
(Figure 3). The deformations from control to patient
group were seen in TPS graphic (Figure 2). The
highest level of deformation was observed in the
femoral notch area. In evaluating the distal femur in
terms of shape variability on the axial plane, there
was a higher level of variability in the shape of the
distal femur in the study group as compared with the
control group (Table 2).

DISCUSSION

In this study, we used a landmark-based shape
analysis approach and focused on the female patients
with knee OA and controls. The results of the current
study indicate that the axial shape of the distal femur
was different in the osteoarthritic female patients
compared with the patients in the control group
who had healthy knees. In the examination of the
deformation, it showed a construction form from
patients to the controls, in which the highest level of
deformation was observed in the femoral notch area.
Although differences were seen between the groups,
there were similarities in terms of variation amongst
themselves.
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Figure 3. Procrustes mean shapes for patients (o) and
controls (x).
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The main reasons for the wide use of statistical
shape analysis in medicine are advances in imaging
technology and the tendency to investigate the effects
of diseases and the environmental factors that affect
the structure of the organ or organism."” Bredbenner
et al.® demonstrated in their study that quantitative
differences in tibia and femur geometry were
observed between surface models based on clinical
MRI data of subjects who were at risk of developing
OA and control subjects. They stated that statistical
shape analysis methods provide an innovative and
important step towards describing differences in knee
surface and joint space geometry that may directly
lead to the understanding of and differentiation
between the causes and effects of OA.

The distal part of the femur has been studied
extensively regarding its role on knee kinematics.'!
Based on these studies, hypotheses on how to design
and how to position total knee replacement implants
have been proposed. Most studies about the
morphometry of the distal femur are related to the
examination of the linear and geometrical properties
of anatomical landmarks.*?' However, because
of the axial shape difference of the distal femur
that we showed, these landmarks can vary among
individuals with or without knee OA. Perhaps for this
reason, these landmarks when used as a reference in
component placement may not provide the same
accuracy component positions for all patients.'

In this study, the highest level of deformation was
observed in the femoral notch area. Intercondylar
notch morphology, such as notch width, notch width
index, notch shape, notch area and notch outlet
dimensions, have been assessed by many researchers
but with different results.">!¥ A narrow intercondylar
notch has been considered a cause for damage to the
anterior cruciate ligament."? A smaller intercondylar
notch also correlated significantly with anterior
cruciate ligament tear in the osteoarthritic knees.
Wada et al.™ concluded that the intercondylar notch
of the knee is significantly smaller in knees with
severe OA relative to normal knees. Shepstone et al.™!
studied human skeletons and created video images
of an axial view of the distal femur and found that a
flattened shape to the intercondylar notch of the femur
was associated with the presence of late-stage OA.
Therefore, it is reasonable to assess the relationship
between the morphology of the intercondylar notch
and OA.

There are some limitations to our study. The
findings cannot be generalized to men because the
study includes only females. Previous studies have
shown that there are differences between men and
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women, especially in terms of size.™™ Additionally,
the right and left knees were not compared. However,
it has been emphasized recently that the knees are
similar with other knees, and the variation between
the right and left knees is less than inter-individual
differences." On the other hand, it is not clear
whether the difference that we showed is result or
cause knee OA. Another shortcoming of the study is
that the clinical benefits of our study are uncertain.
Nevertheless, we can suppose that the surgical
reference points in the axial plan for total knee
arthroplasty may not be consistent for all osteoarthritic
patients because of the shape deformation.

In conclusion, this study showed that shape
deformations in the distal femur are present in
patients with knee OA. This study is the first to
show that axial shape differences of the distal femur
in patients with knee OA can be evaluated using a
landmark-based geometrical morphometric method
by considering the topographic distribution of the
distal femur. This study also reveals conformational
differences in the distal femur with knee OA and
suggests that the location of this difference may be a
reference for future studies.
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