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Abstract

Background: The objectives of this study were to investigate the anatomic morphology of patellar ridge using
computed tomography-based three-dimensional (3D) computer models and to assess the center of the patellar
ridge after virtual resections.

Methods: We selected 80 patients, 40 males (age, 33.2+6.8 years) and 40 females (age, 30.6+7.2 years), who were
slightly symptomatic with soft tissue injury of the knee joint. The right or left knees were scanned by computed
tomography (CT). The CT data of 160 knees was used to construct 3D computer models by image analysis software
(Mimics). Variables such as the angle between the patellar ridge and patellar long axis, the distance between the
center of the patellar ridge and the center of patellar cut after virtual resections were measured. We detect
differences between the sides and genders with the 3D computer models by Student’s t test. Simple linear
regression and correlation test was used to correlate the patellar ridge center to the center of the patellar cut.

Results: According to the available data, there were significant gender differences in the length and width of
patellar cut after virtual resections even with strict control for the height and weight of the patients. The angle
between the patellar ridge and the patellar long axis was 11.24° + 3.62°. The angle in male patients was 10.17° +
4.82° and it was 12.28°+ 3.78° in female patients. The morphological difference was statistically significant (P < 0.05).
After using the subchondral method to virtually resect the patellae, with reference to the center of the patellar cut,
the center of the patellar ridge lies superiorly and medially in 88.75%, inferiorly and medially in 8.75%, laterally and
superiorly in 2.5%, and in no case laterally and inferiorly. The intra-observer reliability regarding the dimensional
measurements was excellent in this study.

Conclusions: Advances in 3D computer models had resulted in the availability of preoperative measurement and
virtual planning. The anthropometric dimensions of this study could provide general information for guiding
surgical management of the patella in total knee arthroplasty (TKA) and were useful in designing patellar implants.

Clinical relevance: The placement of the patellar component during TKA differs from one patella to another. The

anatomic morphology information of the patellar ridge is helpful for surgeons to perform patellar resurfacing in
TKA.
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Introduction

Despite the excellent clinical success of TKA, there is no
consensus in the available literature on the best manage-
ment of the patella in TKA [1]. One of the main contro-
versies in TKA is the patella, with or without resurfacing
[2, 3]. Although there are various studies comparing pa-
tellar resurfacing and non-resurfacing in TKA, the re-
markable superiority of one plan over the other has not
been described [4]. Meanwhile, both plans have their re-
spective benefits and risks that need to be assessed and
balanced based on the surgeon’s experience, preference,
and patient’s expectations. Complications in relation to
the patellar resurfacing such as patellar instability, anter-
ior knee pain, and patellar clunk syndrome are usually
due to the anatomy of the patient knee, the surgical
technique, or the location of the patellar prosthetic [2].
However, with the surgical techniques and implant de-
signs modified, patellar resurfacing has obtained increas-
ing favor with surgeons [5, 6].

In order to gain satisfactory results, several principles
should be followed during the procedure of the patellar
resurfacing, including that the patellar prosthesis should
be implanted in the right position to replicate the ori-
ginal high point of the patella [7, 8]. Detailed under-
standing of the ecological characteristics of the patellar
ridge is essential for a successful surgery. However, there
was few anthropometric data of the patellar ridge in the
literature relative to that of the femur and tibia [9-11].
Besides that, it is difficult to identify the bony landmarks
for the shape of the patella. The majority of the pub-
lished articles performed measurements on the diseased
knees, which could not recreate pre-morbid morphotype
[12, 13]. Wiberg’s classification was helpful in identifying
not only the shape of the patella facet, but also the high
variability of the position of the patella ridge [14]. Our
hypothesis is based on the fact that the center of the pa-
tellar articular surface moves with the location of the
ridge. Therefore, the optimal center of the prosthetic pa-
tella should be located in the same ridge plane to be as
faithful to the joint anatomy as possible. From previous
studies, however, it is unclear which correlations exist
between the center of the patellar ridge and the patellar
cut after resection in the knee joint. Performing accurate
locations and resections still remains challenging.

Advances in 3D computer models on account of radio-
graphic images could be helpful for the preoperative
measurement and virtual planning [15]. The primary ob-
jective of this study was to measure the angle and the
length of the patellar ridge and to identify the gender
size differences of the patellar cut after virtual resection.
The secondary aim of this study was to explore the rela-
tion between the center of the patellar ridge and the
center of the patellar cut. We expected to achieve a fur-
ther understanding of the patellar ridge to provide a
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basis for positioning the patellar button in TKA and im-
proving prosthetic designs.

Materials and methods

Patients and CT images

Institutional review board approval was obtained for a
retrospective review of patient records and imaging
studies. Eighty patients (40 males, 40 females) who were
diagnosed with acute soft tissue injury of the knee joint
between July 2016 and March 2018 were reviewed. The
inclusion criteria were as follows: (i) age ranges from 20
to 40 years, (ii) height ranges from 160 to 180 cm, and
(iii) 18.5kg/m> < body mass index (BMI) < 32.0kg/
m?The exclusion criteria were as follows: (i) previous
surgery of knee joint, (ii) presented with patellar instabil-
ity, (iii) patellar dysplasia, and (iv) advanced patellofe-
moral arthritis. Cognizant consent has been obtained
from the participants prior to CT examinations. The pa-
tients were placed supine on the scanner with the knee
fully extended and the patella facing towards the ceiling.
Both knees of each participant were examined by a slice
CT scanner (120 kVp, 200 mA, Siemens Somatom Sen-
sation 16, Erlangen, Germany) with rotation time 1s,
1.0-mm thickness, and 1.0-mm slice gap. Low-dose CT
scan protocol was applied to minimize the radiation ex-
posure, which has a radiation dose equivalent to long-leg
radiographs. The data of images was stored in the Digital
Imaging and Communications in Medicine (DICOM)
format.

3D reconstruction and measurement

We imported the CT scan images into the Mimics Soft-
ware System, 17.0 (Materialise, Leuven, Belgium) and
Geomagic Studio 2014 (Research Triangle Park, NC,
USA) to establish 3D surface models. We developed a
precise method to measure the patella in three dimen-
sions. The Cartesian coordinate system of the CT data
was converted into a new coordinate system. First, we
selected multiple points on the anterior surface of the
patella to fitting a base plane, which was performed
automatically by a least-square method with the soft-
ware. Subsequently, a line was connected similarly by
selecting the two deepest points on the median ridge.
Then, we adjusted the patella with its XY plane and Y-
axis simultaneously parallel to the fitting base plane and
line (Fig. 1). A new bounding box was created in this co-
ordinate system automatically. Next, a virtual plane par-
allel to the fitting base plane was established. We
translated the virtual plane along the Z-axis and set it at
the deepest level of the lateral facet. The patella could be
cut according to the virtual plane to simulate the sub-
chondral resection method in routine TKA. After the
model was established, various measurements were
made in the new bounding box before and after the
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Line 1

Plane 1

Fig. 1 The three-dimensional model of the patella was established,
and the patella was aligned with the fitted plane and line

resection by an independent author who was blinded to
the subjects identifying information (name, age, and
sex). To assess the intra-observer reliability, the same
author performed the measurements twice within an
interval of 1 month.

Parameter definitions

The stability of the patellofemoral joint is theoretically
affected by the patellar ridge and by the position of the
patella. We choose to measure several indexes to elabor-
ate the characteristics of the patellar ridge, as follows:

The angle and location of the patellar ridge

The ridge location was calculated by dividing the
whole mediolateral width of the patella by the width
of the medial facet (Fig. 2). The angle of the patellar
ridge represents the anatomic features of the patellar
ridge, which is defined as the angle between the pa-
tellar ridge and the long axis of the patella (by select-
ing the proximal and distal poles of the patella and
connecting them by a line) (Fig. 3).

The center of the patellar ridge

The patellar ridge is defined by positioning one point at
the proximal end and one point at the distal end of the
patellar ridge and then connecting them with the aid of
a vertical line (Fig. 4). The midpoint of the vertical ridge
was identified as the center of the patellar ridge which
could be projected on the patellar cut.

Fig. 2 The ridge location was calculated by dividing the entire
mediolateral width (TA) of the patella by the width of the medial
facet (MA)

The center of the patellar cut

The patella was cut using the plane to simulate
the subchondral resection method in routine TKA
(Fig. 5). The center of the patellar cut was defined
as the intersecting point of which over the vertical
(proximal-distal) axis and the horizontal axis
(medial-lateral).

Fig. 3 The angle (a) is between the patellar ridge (line a) and the
long axis of the patella (line b), which is a line connecting the
proximal and distal pole of the patella

.
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Fig. 4 Measurement of the length of the patellar ridge (RA)
A

Measuring method

Measurement of the angle between the patellar ridge
and the long axis of the patella After 3D reconstruc-
tion of the patella, we selected two points of the patellar
ridge and connected them by a straight line, and the
angle (a) is between the patellar ridge (line a) and the
long axis of the patella (line b), which is a line connect-
ing the proximal and distal pole of the patella.

Fig. 5 Creating a virtual plane (VP) parallel to the base plane,
aligning the VP and setting it at the deepest level of the lateral facet
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Measurement of distance between the center of the
patellar cut and the center of the patellar ridge After
the model was established, the patella was virtually cut
by means of the plane to simulate the subchondral re-
section method in routine TKA. A vertical line (RA) was
drawn along the patellar ridge and measured. The mid-
point of the vertical ridge was projected onto the patellar
cut. A cross was drawn on the patellar cut intersecting
the horizontal and vertical axes where L and H represent
the height and width of the patellar cut, respectively.
The intersecting point of L and H was defined as the
center of the patellar cut. The location of the patellar
ridge center to the center of the patellar cut was then
quantified via two measurements: one on the horizontal
axis (medial-lateral distance) and another on the vertical
axis (proximal-distal distance) (Fig. 6). The distances be-
tween the patellar ridge center and the center of the pa-
tellar cut were calculated in the horizontal plane [D,,]
and in the vertical plane [Dy]. All the data was recorded
in mm.

Statistics

We used SPSS version 20.0 (IBM, Armonk, NY, USA)
for statistical analysis. The intra-observer agreements
were calculated by the intra-class correlation coefficient
(ICC). The data was found to have a normal distribution
which was tested by the Kolmogorov—Smirnov test. All
the measured data are expressed as the mean and stand-
ard deviation. The differences in the variables between
genders and the sides were analyzed with the t-test. In

Fig. 6 Measurement of the width (L) and the length (H) of the
resecting surface, measurement of the values of patellar height and
width along with the values of the horizontal distance (D,,) and the
vertical distance (Dy,) between the center of the patellar ridge and
the center of the patellar cut
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Table 1 Clinical demographics of the male and female
participants

Male (n =40) Female (n = 40) P
Age (years) 33.2+6.8 306+7.2 0.12
Height (cm) 173556 162.4+4.8 0.00
Weight (kg) 72.5£10.8 60.7£10.2 0.00
BMI (kg/m2) 24.8+£34 23.1£238 0.00

order to determine whether the size difference between
genders is affected by morphological type, height and
weight were used as covariates for covariance analysis.
Simple linear regression and correlation test was used to
correlate the patellar ridge center to the center of the
patellar cut. Differences were considered to be signifi-
cant at P <0.05

Results

The ICC values for the inter-rater reliability were
greater than 0.81 for all measurements (ICC range
from 0.89 to 0.93). Therefore, the measurement result
reliability has been confirmed excellent. A total of 80
participants (40 males, 40 females) were enrolled in
the study. The mean age of the male participants was
33.2 years (range, 20 to 40years). The average height,
weight, and body mass index (BMI) of the male group
were 173.5cm, 72.5kg, and 24.8, respectively. Mean-
while, the mean age of the female participants was
30.6 years (range, 20 to 40years). The average height,
weight, and BMI of the female group were 162.4 cm,
60.7 kg, and 23.1, respectively. The demographics of
the participants are generalized in Table 1.

Comparison of the patellar ridge parameters between
genders

The average patellar ridge length and the average angle
between the long axis of the patella and the patellar
ridge for men were 30.26 + 2.33 mm and 10.17 + 4.82°,
respectively. The corresponding parameters for women
were 28.16 + 249 mm and 12.28+ 3.78°, respectively.
The mean (SD) values of the angle were 11.24°+3.62°.
According to available data, there was a significant dif-
ference between the genders with the two parameters
measured (Table 2). Meanwhile, there was no significant
difference in the ridge position ratio between males and
females.
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Comparison of the patellar ridge parameters between the
sides

The statistical comparison results of measurement data
of left and right knee joints were shown in Table 3. On
the basis of the available data, no statistically significant
differences were observed between these measurements
(p >0.05).

Comparison of the patellar parameters between genders
after the virtual resections
After virtual resection, the mean residual bony width
and length were 44.36 + 3.14 mm and 38.14 + 3.86 mm,
respectively, for men and 38.78 + 3.05 mm and 34.52 +
2.56 mm, respectively, for women. Basic measurements
of residual bony width and length were significantly
higher in men (P <0.05). While no significance was
found for medial displacement values between men and
women (P >0.05), the vertical distance between the cen-
ter of the patellar ridge and the center of the patellar cut
was significantly higher in men (P <0.05). Mean (SD)
values of patellar height and width along with the mean
(SD) values of the horizontal distance and the vertical
distance between the center of the patellar ridge and the
center of the patellar cut were showed in Table 4.

The points of the patellar ridge center were plotted on
a scatter-plot graph with the reference point being the
center of the patellar cut (0,0) (Fig. 7). In 97.5% (156/
160) of the patellar models, the center of the patellar
ridge was found to be medial to the center of the patellar
cut while in 91.25% (146/160) of the cases, it was prox-
imal to it. The correlation plot revealed the following:
88.75% (142/160) of the patients’ patellar ridge center
was medial and superior, 8.75% (14/160) were medial
and inferior, 2.5% (4/160) were lateral and superior, and
0% was lateral and inferior to the center of the patellar
cut.

Discussion

Our findings can be summarized as follows: (a) the pa-
tellar ridge was an oblique line from the proximal to the
distal medial patella, which located in the medial patellar
facet, and (b) the center of the patellar ridge could be lo-
cated in three areas with regard to the center of the pa-
tellar cut: superiorly and medially in 88.75%, inferiorly
and medially in 8.75%, and laterally and superiorly in
2.5%. The most important finding of this study was that
the newly developed CT-based 3D computer model

Table 2 Comparison of the patellar ridge parameters between the genders

Male (n = 40) Female (n = 40) P
Length of patellar ridge (mm) 3026 £ 233 2816 + 249 0.00
Ridge position 042 + 0.04 041+ 0.05 0.32
Long axis angle of the patellar ridge and the patella (°) 10.17 £ 482 12.28+ 3.78 0.03
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Table 3 Comparison of the patellar ridge parameters between the sides

Left (n = 80) Right(n = 80) P
Length of patellar ridge (mm) 29.68 + 2.68 2073 £ 247 0.90
Ridge position 042 +0.03 041 + 0.06 0.18
Long axis angle of the patellar ridge and the patella (°) 1112+ 412 11.08 + 4.15 0.95

could be useful for measuring and virtually resecting the
patella. The anthropometric measurements of the patel-
lar ridge could provide basic data for guiding surgical
management of the patella in TKA and are useful in de-
signing patellar implants.

The function of the patella is to increase the lever arm
of the extensor mechanism and make knee flexion more
effective. It connects with the trochlear groove through
its vertical ridge, dividing the patella into medial and lat-
eral facet s[16]. Morphological analyses of the patella
such as width and thickness of the patella have been
conducted in previous studies; however, the patellar
ridge has rarely been reported in the literature. Some au-
thors have indicated that the patellar ridge can act as a
fulcrum in the flexion activities of the knee joint, thus
influencing normal kinematics [12]. Using cadavers,
Gaurav et al. assessed the position of the patellar ridge
from the proportion of the medial facet width within the
whole width [17]. They found the patellar lateral and
medial facet width ratio to be 1:3; the patella ridge was
located in the medial facet. Yoo et al. reported that the
central ridge of the patella was located 19.9 mm lateral
from the medial border by means of magnetic resonance
images [18]. Several scholars have investigated the ana-
tomic characteristics of the patellar ridge and the match-
ing relationship between the patellar ridge and the
femoral trochlear groove. Their results indicate that the
anatomic morphology of the patellar ridge allows the pa-
tella to engage with the trochlear groove. If the patellar
ridge and femoral trochlear groove had a parallel rela-
tionship, that would impede the engagement of the pa-
tella into the trochlear groove [19]. Therefore, the
patellar ridge is very important for the function of patel-
lofemoral joint. Using CT and 3D reconstruction, we
also found the patellar ridge to be an oblique line from
the proximal to the distal medial patella, located in the
medial patellar facet. This special structure of patellar
ridge perhaps is of great significance for the diagnosis of
patella instability and maltracking.

In TKA with the patella resurfacing, the poor position
of the patellar prosthesis can lead to complications such
as patellar instability, aseptic loosening, excessive wear,
anterior knee pain, or implant failure [20]. How to get a
proper position of the patellar prosthesis is an important
technical issue in TKA, which has been less researched.
Several technical factors may contribute to identify the
optimal position of the patellar prosthesis. Medialization
of the patellar prosthesis during patellar resurfacing has
been recommended with less need for lateral retinacular
release and a significant decrease in patellofemoral con-
tact force [21]. Clinical studies have shown definite de-
creases in the rate of lateral retinacular release as a
result of medialization of the patellar component [22].
With the consensus being in favor of medialization,
many surgeons place the patellar component based on
the position of the median ridge. Hofmann et al. empha-
sized that the surgeon should attempt to place the high
point of the component at the location of the median
ridge, which is the normal high point of the patella in
the individual patient [23]. However, Lee et al. found
that native patella vary widely in their axial plane align-
ments, and this was affected by the various possible posi-
tions of the median ridge. According to that data, a
more medial placement of the median ridge tended to
be associated with worse initial patellar tilt [24]. In-
creased lateral patellar tilt can cause several problems,
including incorrect loading of both the patella and the
extensor apparatus, patellar impingement on the pros-
thesis, and erosion [25]. On the other hand, in some pa-
tients such as East Asian patients who had small medial
facet, replicating the original center of the patellar ridge
the median ridge can lead to an overhang of the medial
prosthesis. The native anatomy and kinematics of the
patellofemoral joint vary by individual. From previous
literature, it is unclear which correlations exist between
the center of the patellar ridge and the patellar cut after
resection in the knee joint. Although many authors ad-
vocate the intermediation of patellar components, and

Table 4 Comparison of the patellar parameters between genders after the virtual resections

Male (n = 40) Female (n =40) P
Width of resecting surface (mm) 4436 + 3.14 38.78 = 3.05 0.00
Length of resecting surface (mm) 38.14 + 3.86 3452 + 256 0.00
Mean D,, horizontal distance 322+ 165 268 + 184 0.17
Mean Dy, vertical distance 346+ 2.32 1.82+ 1.92 0.00
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Fig. 7 The points of the patellar ridge center were plotted on a scatter-plot graph with the reference point being the center of the patellar

for all patients, their methods are usually empirical, such
as no more than 2.5mm or lack of quantification, such
as the proposal to place buttons in two-thirds of the
medial patella [26, 27]. Our study has some news find-
ings; in 97.5% of the patients, the center of the patellar
ridge was found to be medial to the center of the patellar
cut. If the center of the patellar ridge was regarded as
optimal position for patellar prosthesis, the results of
this study were inconsistent with those found which re-
ported an optimal position being medial to the center of
the patellar cut in every case. Additionally, placement of
the patellar component in relation to the vertical axis of
the patellar cut has been even less reported. Lee et al.
concluded that a distal placement of the patellar compo-
nent should lead to decreased loading at higher knee
flexion angles [28]. Our results show that the center of
the patellar ridge was located more proximally relative
to the center of the patellar cut in 91.25% of cases with
the others located more distally. Of course, our data are
based on a CT-based 3D computer model; further clin-
ical confirmation is still needed. In accordance with
these studies as well as our findings, we do not recom-
mend providing a single solution for all patients; an indi-
vidualized approach for an optimal location of the
patellar prosthesis would be offered as an alternative.
Though the newly developed CT-based 3D computer
model could be advantageous to evaluating patellar di-
mensions, there were also some limitations in this study.
One limitation was that the CT scans used to construct
the 3D patellae did not include the cartilage thickness,
which should be taken into account when preparing for
patella resection. The other limitation was that we mea-
sured the knees of 20- to 40-year-old healthy subjects

only. The patella of an arthritic knee might be excavated
and reduced substantially by degeneration. Finally, it is
worth noting that a major limitation of the current study
is that this was a purely anatomical study and had no
clinical relevance. We do not know whether changes in
the patella ridge have significant clinical consequences.
Therefore, our interpretation of the data was based on
the previously published reports, expert opinion, or basic
scientific research, on what constitutes a good surgical
technique for patella surface replacement. Despite these
limitations, we believe that our study developed a valid
and reproducible method for patellar measurement and
virtual resection.

Conclusion

In summary, our study has shown that advances in 3D
computer models had resulted in the availability of pre-
operative measurement and virtual planning. The an-
thropometric dimensions provide basic data reflecting
the normal anatomy of the patella. It is useful for per-
forming patellar resurfacing in TKA and improving
prosthetic designs.
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