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Abstract
Purpose Patellar calcar corresponds to a greater trabecular bone density area in the patella lateral facet, whose morphom-
etry is uncertain. This study aimed to describe patellar calcar morphometry by knee MRI and develop a 3D reconstruction 
software-assisted.
Materials and methods Consecutive adult patients, submitted to knee MRI, between 2014 and 2017, were entered in IMPAX 
software. Exclusion criteria are history of patellar surgical intervention, trauma, chondromalacia, bone edema or bipartite 
patella. All MRI images were retrospectively reviewed by three readers. MRI patellar calcar measurements are height, width, 
thickness and posterior distance. 3D model protocol reconstruction: 3D Slicer software was used to design a preliminary 
model for each patient, and then all were automatically merged into one, which was finalized using the software segmenta-
tion tools. For 3D patellar calcar location, the transpolar axis was designed.
Results 250 MRI were analyzed, patellar calcar was present in 208 (83.2%); 101 men and 107 women. Mean age was 
44.3 ± 15.6 years. Measurements: height 13.84 ± 2.42 mm (male: 14.50 ± 2.42; female: 13.21 ± 2.26) (p < 0.0001), width 
12.21 ± 2.26 mm (male 13.14 ± 2.22; female 11.33 ± 1.93) (p < 0.0001). No statistically significant difference of thickness 
0.56 ± 0.22 mm (male: 0.56 ± 0.25; female: 0.56 ± 0.20) and posterior distance 2.37 ± 0.80 mm (male: 2.46 ± 0.89; female: 
2.29 ± 0.69) between genders was found. 3D model results: transpolar axis went through the patellar calcar in all the cases.
Conclusions This study shows in a 3D model reconstruction, what was previously described in the literature, determining 
for the first time the patellar calcar morphometry in the knee MRI and identifying it as a regular finding in this imaging test.
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Introduction

The mechanical stimuli in the bone, that are received over 
a long period of time, adapt and remodel the bone tissue 
for optimal forces’ distribution, process known as Wolff’s 
law [23, 28]. To comprehend the changes within the bony 
structures, one has to understand the normal biomechanics 
of the knee joint. Due to the external rotation of the tibial 
tuberosity in maximal extension of the knee, the Q-angle is 
maximized and the lateral facet has the most contact area 
with the femur condyle [2, 9, 13]. The medial facet comes 
into contact from 20° flexion and toward the 90° flexion 
the contact area is like a narrow band. Flexion toward 135° 

shows a change in contact pressure, the medial facet lies free 
and only the proximal part of the lateral facet and the odd 
facet engages the femur [1, 10, 11, 24, 25]. In consequence, 
the lateral facet contact area is about 60% greater than the 
medial, hence, suggesting a higher load-bearing capacity for 
the lateral surface and for a long period of time [3, 8, 14–16].

The differences in the density distribution throughout the 
patella joint surface has been described, which also follows 
a regular distribution pattern [6, 7, 17, 18, 20], having its 
maximum thickness on the lateral facet, and even a specific 
trabeculae architecture [26, 27].

Recently, this greater area of trabecular bone density 
has been described in knee magnetic resonance (MRI) as 
a dark signaling with a curvilinear structure with anterior 
convexity located in the lateral facet of the patella [5], and 
named patellar calcar (PC) after the femoral calcar which 
is a constant anatomical structure representing a condensa-
tion of bone trabeculae [12, 19]. It has a prevalence of 81% 
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and is a non-pathological entity, but whose morphometry 
is uncertain.

Objective

The aim of this study is to describe PC morphometry by 
MRI and develop a three-dimensional (3D) reconstruction 
software-assisted.

Methods

After institutional review board approval, a cross-sectional 
study was carried out including consecutive adult patients, 
submitted to knee MRI, at the same center, between 2014 
and 2017, entered in IMPAX software, version 6.3.1.8000 
of the AFGA Healthcare provider. Exclusion criteria are his-
tory of fracture or patellar trauma, patellar surgical interven-
tion, chondromalacia patellae, bipartite patella or patellar 
bone edema.

PC was previously defined as “curvilinear structure with 
anterior convexity that gives a hypointense signal and is best 
observed in proton density weighted and without fat sup-
pression, which is located in the lateral facet of the patella” 
[5] (Fig. 1).

MRI protocol

All MRI were performed by Philips Ingenia model 1.5 Tesla 
with acquisition of images of 3 mm every 3 mm. MRI pro-
tocol: Patient in supine position, entering the feet first, with 
a knee flexion of 15°, immobilized with cushions, using a 
knee quadrature coil, locating the lower edge of the patella 
to the coil center. This protocol includes the following planes 
and sequences: in sagittal, axial and coronal images in pro-
ton density-weighted (PDW) and T1-weighted (T1), both in 
Turbo Spin Echo (TSE) and Spectral Attenuated Inversion 
Recovery (SPAIR). The complete proton density-weighted 
MRI sequences’ description is detailed in Table 1.

MRI analysis

For the purposes of this study and for standardization, 
the PC was defined just as Collin et al. [5] did, as the 
presence of a dark signaling, linear or curvilinear struc-
ture subjacent to the patellar articular surface and is best 
observed in PDW without fat suppression. All the meas-
ures were performed in that sequence. All MRI images 
were reviewed in consensus in three different occasions 
by a board conformed by a senior musculoskeletal radi-
ologist, an orthopedic surgeon with experience in knee 
MRI and an assistant researcher after training. The images 
were reviewed initially to determine if a calcar was or 
was not present. With IMPAX program tools, the level of 

Fig. 1  A 19-year-old woman 
knee MRI in PDW sequence 
without fat suppression, axial 
plane (left) and sagittal (right). 
Arrows indicating PC: curvi-
linear structure with anterior 
convexity of hypointense signal 
in the lateral facet of the patella

Table 1  MRI sequences description

Sequence Slices Repetition time 
(TR) (ms)

Echo time 
(TE) (ms)

Flip angle Echo spacing 
(ms)

Refocusing control Fat suppression

PDW_TSE 22 2000 30  90° 8  Constant in 120° No
PDW_SPAIR 22 3205 30  90° 8  No SPAIR
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