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SUMMARY:  The aim of this study was to compare the patella bone volume of sedentary men with that of elite male sportspeople,
including judoka, cyclists, weightlifters, and taekwondo athletes who were members of Turkish National Professional Teams. All subjects
had no history or clinical signs of an orthopaedic disorder such as osteoarthritis or acromegaly. The right and left knees of all groups were
placed side by side in a supine position and were scanned by high resolution imaging with multidetector computed tomography. The
differences between the volume of right and left patellae of sedentary men, judoka, cyclists, weightlifters, and taekwondo athletes were
statistically significant. The average left patella of a professional cyclist and the average right patella volume of a sedentary man were
maximum and minimum, respectively. The results demonstrated that the patella volume of cyclists was significantly larger. According to
the literature, patella bone volume was associated with a reduced rate of annual patella cartilage volume loss, so cycling early in life may
prevent patella cartilage loss in the future.
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INTRODUCTION

The patella is the largest sesamoid bone in the human
body and is embedded in the tendon of quadriceps femoris,
anterior to the knee joint (Moore, 1992; Standring, 2005). It
is flat, distally triangular, proximally curved, and has ante-
rior and posterior surfaces, three borders, and an apex. In
the living, its distal apex is a little proximal to the line of the
knee joint when standing (Standring).

Although studies usually focus on the tibiofemoral
joint, cartilage loss of this large sesamoid bone is a major
source of pain in knee osteoarthritis. Wijayaratne et al. (2008)
report that there is a relationship between patella bone
volume and patella cartilage volume loss.

The aim of this study was to compare patella bone
volume in sedentary men and professional athletes of four
different sports (cycling, judo, weightlifting, and taekwondo),
all of whom had no knee pain or any other knee pathology.

MATERIAL AND METHOD

Subjects. This study was performed with eight right and
left knees of sedentary men (mean age: 21.62±1.41) and eight
right and left knees of elite male Judoka (mean age:
21.12±2.75), cyclists (mean age: 21.62±1.28), weightlifters
(mean age: 21.62±1.99), and taekwondo athletes (mean age:
22.37±1.77) who were members of Turkish National
Professional Teams, all of whom had no history or clinical
signs of an orthopedic disorder such as osteoarthritis or
acromegaly.

The athletes in this study group had been performing
their sports for at least ten years with an average of 20 hours
training a week.

The procedures followed were compatible with the
ethical standards of the responsible committee on human
experimentation of the faculty, which are based on the
Helsinki Declaration.
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Radiographic evaluation. The right and left knees of all groups were placed
side by side in a supine position and were scanned by high resolution imaging
with multidetector computed tomography (MDCT) (Somatom Sensation 64;
Siemens Medical Solution, Forchheim, Germany). Scanning along the knee
joint, including the entire patella, was performed by using the following
parameters: detector collimation, 64x1 mm; section thickness, 1 mm (increment,
1 mm); gantry rotation time, 330 msec; kVp, 120; mA, 300; and spatial
resolution, 512x512 pixels with pixel spacing. Dose and scanning parameters
were prepared by a musculoskeletal radiologist. Axial images were evaluated
through volume measuring software on the workstation. Axial images of each
patella were evaluated separately, and the area was drawn manually by the
radiologist using the software (Fig. 1). After measuring all the axial images,
the software measured the volume of the patellae automatically and showed
the total volume by coloring the region of interest (Fig. 2).

Statistical Analysis. Statistical analyses
were performed with one-way analysis of
variance and Tukey’s test for individual
comparisons. Statistical analysis between
groups was performed with ANOVA, and
p values of <0.05 (two-tailed) were
regarded as statistically significant (SPSS
Version 14.0, Chicago, USA).

RESULTS

The characteristics of the study
groups (sedentary, Judoka, cyclist,
weightlifter, taekwondo athlete) are
presented in Table I.

The average volume of the right
and left patella bone in different groups
is presented in Table II. The average left
patella of professional cyclists and the
average right patella volume of sedentary
groups were maximum and minimum,
respectively.

The statistical analysis of average
volume of the right and left patella bone
in different groups is presented in Table
III. The differences between the volume
of right and left patellae of sedentary men,
judoka, cyclists, weightlifters, and
taekwondo athletes were statistically
significant (P<0.05).

The statistical analysis of average
volume of the right patella bone between
groups showed that the difference was
statistically significant (P<0.05) between
cyclists and sedentary men, cyclists and
judoka, and cyclists and weightlifters
(Table IV).

The statistical analysis of average
volume of the left patella bone between
groups showed that the difference was
statistically significant (P<0.05) between
cyclists and sedentary men, cyclists and
judoka, cyclists and weightlifters, and
taekwondo athletes and sedentary men
(Table V).

Fig. 1. Transverse computed tomography image demonstrates one section for the ma-
nual drawing of the patella area.

Fig. 2. Coronal computed tomography  image, which is given automatically by the
volume software of the workstation, demonstrates the volume after drawing the area of
the patella in all transverse sections.
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DISCUSSION

Taekwondo, which is a very popular martial arts
sport, is an activity that requires many skills, a high-energy
demand, and sophisticated techniques. Therefore, technical
and vigorous physical exercises should be included in the
training program. Technical training is based on specific
training, including running, rope skipping, or racket-hitting

that are classical exercises, which are not varied (Bouhlel
et al., 2006). Olympic weightlifting has been demonstrated
to be a typical short-term explosive event, with a training
regimen that consists mainly of competitive lifting tasks
with heavy resistance loads (Garhammer, 1980; Kanehisa
& Fukunaga, 1999). It has been found that the changes in

Table I. Physical characteristics of subjects

Table II. The average volume of the right and left patellar bone in different groups

Table III. The statistical analysis of average volume of the right and left patellar bone in between branches.

Table IV. The statistical analysis of average volume of the right patellar bone
between groups.

Table V. The statistical analysis of average volume of the left patellar bone
between groups.
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Sedentery Cyclist Weight-lifter Teakwondo Judoist

Mean St. Dev. Mean St. Dev. Mean St. Dev. Mean St. Dev. Mean St. Dev.
Length (cm) 1 73,37 4,96 1 79,3 5,44 174,50 4,66 176,0 4,93 174,25 8,99

Weight(kg) 6 5,50 5,24 6 9,75 4,83 75,50 8,64 68,75 10,91 74,50 20,06

Age (year) 2 1,62 1,41 2 2,25 1,28 21,62 1,1 22,37 1,77 21,12 2,75

Sedentery

N= 8

Cyclist

N= 8

Weight-lifter

N= 8

Teakwondo

N= 8

Judoist

N= 8
Mean St. Dev. Mean St. Dev. Mean St. Dev. Mean St. Dev. Mean St. Dev.

Right patella g/cm2 22,10 2,131 29,31 3,701 3,384 26,25 3,311 23,10 3,291

Left  patella g/cm2 21,68 1,426 29,71 2,19 24,13 3,71 27,12 4,238 23,45 4,38

Sum of Squares df Mean Square F Sig.

Right patella Between branches 263,072 4 65,768 6,386 ,001

Left patella Between branches 320,722 4 80,180 6,935 ,000

Judoist Teakwondo Weight-lifter Cyclist

Sedentery 0.97 0.095 0.713 0.001*

Cyclist 0.004* 0.333 0.021*

Weight-lifter 0.967 0.681

Teakwondo 0.306

Judoist Teakwondo Weight-lifter Cyclist

Sedentery 0.835 0.023* 0.503 0.000*

Cyclist 0.007* 0.556 0.028*

Weight-lifter 0.979 0.511

Teakwondo 0.218
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muscle function with training reflect the type of muscle
activity during exercise (Sale & MacDougall, 1981;
Kanehisa & Fukunaga). Judo is an Olympic sport that is
practiced worldwide (Artioli et al., 2010) and characterized
by brief bouts of high-intensity intermittent-exercise that
requires energy providing (Chaouachi et al., 2009). Cycling
is one of the most popular means of transportation,
recreation, fitness, and sport among millions of people of
all ages who ride on road and off road, using a variety of
bicycle types including mountain, touring, racing, stunt,
and stationary exercise bicycles. Cycling is a readily
available, economical and efficient form of aerobic non-
impact exercise with established cardiovascular beneficial
effects (Leibovitch & Mor, 2005). The forces, load
moments, and muscular power output acting on and about
the hip, knee and ankle joints during cycling were
determined using cine-film, pedal force measurements, and
biomechanical calculations based upon static and dynamic
mechanics (Ericson, 1986).

National team athletes who participate in any of
these sports partake in serious physical exercise for years.
According to the literature, exercises involving high
intensity and high strain rates are more osteogenic than low-
intensity endurance-type activities (Heinonen et al., 1996;
Nikander et al., 2006; Karinkanta et al., 2007; Rantalainen
et al., 2009). The data in this particular study is compara-
ble with the literature that patella volume was found to be
larger in all sporting groups than in the sedentary group.
Of all these groups, cycling seems to have more osteogenic
effect on the patella because cyclists have the largest bone
volume. Is this result important for us and, if so, why?

Osteoarthritis (OA) is a common joint disease
characterized by changes to the integrity of articular
cartilage and subchondral bone (Foley et al., 2007; Hanna
et al., 2007). The knee is the most frequently affected joint,
with a prevalence of 30% in older people (Foley et al.).

Patella cartilage volume has been shown to correlate
with radiologic grade of patellofemoral OA. While patella
cartilage volume is lost at a rate of 1.6% per year among
middle-aged women with no clinical knee OA (Wijayaratne
et al.), the rate is between 3.7% and 5.3% per year in OA
(Hanna et al., 2007). Several factors affect the patella
cartilage change, but until Wijayaratne et al., no previous
study showed the relationship between patella bone volume
and patella cartilage volume loss. In this study, the authors
have demonstrated that baseline patella bone volume was
associated with a reduced rate of annual patella cartilage
volume loss (Wijayaratne et al.). We can therefore say that
cyclists will likely have less patella volume loss than the
other athletes.

In this particular study, the patella volumes of the right
and left knees were different between the groups. It was probably
because of individual characteristics that one extremity may be
stronger than the other, even in national players.

Patella cartilage volumes and defects were investigated
using magnetic resonance images (Hanna et al., 2006; Kessler
et al., 2006; Hanna et al., 2007; Teichtahl et al., 2008;
Wijayaratne et al.). Computed tomography is an effective
diagnostic modality for 2D multiplanar images of bone
structures, including their defects. The MDCT, a recent
technological advantage, can obtain a large number of 2D
images during one rotation of X-ray tube, making it possible
to get thin slices within a short scan time (Kalayci, 2008).
Therefore, we used MDCT to obtain the images.

In recent years, cycling has been used in clinical
settings to successfully rehabilitate traumatic knee injuries in
athletes (Flynn & Soutas-Little, 1993; Cipriani et al., 1995;
Eisner et al., 1999). Researchers hypothesize that cycling
backwards on a cycle ergometer increases muscle fiber
activation of the lower-extremity musculature, improving
strength. Consequently, researchers are investigating the
efficacy of backward cycling as an effective rehabilitative tool
following surgery in athletes with serious knee injuries (Eisner
et al.). Furthermore, some authors have suggested that cycling
might be a useful exercise in the rehabilitation of patients with
injuries to the anterior cruciate ligament, medial collateral
ligament of the knee, or Achilles tendon (Ericson). 

Our study must be viewed in the light of some
limitations. The main shortcoming of the present study was
the lack of a larger number of patellae for stronger statistical
conclusions. However, to the best of our knowledge, this is
the first report that compares national athletes of four different
sports who have been performing their specific sport for at
least ten years.

CONCLUSION

The results demonstrated that the patella volume of
cyclists was significantly larger than the other sportspeople
and sedentary men. According to the literature, patella bone
volume was associated with a reduced rate of annual patella
cartilage volume loss, which indicates that cycling at an early
age may prevent patella cartilage loss in the future. Of course,
further studies are needed to confirm our results.
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RESUMEN: El objetivo de este estudio fue comparar el volumen de la patela en hombres sedentarios con la patela de deportistas
de elite, incluyendo judokas, ciclistas, levantadores de pesas y atletas de taekwondo, miembros de equipos profesionales nacionales
turcos. Los sujetos del estudio no tenían antecedentes o signos clínicos de una enfermedad ortopédica como la osteoartritis. Las rodillas
derecha e izquierda de los individuos de todos los grupos se colocaron una al lado de otra, en posición supina y fueron escaneadas por
tomografía computarizada multidetector de alta resolución. Las diferencias entre el volumen de la patela derecha e izquierda de los
hombres sedentarios, atletas judokas, ciclistas, levantadores de pesas y atletas de taekwondo fueron estadísticamente significativas. El
volumen promedio de la patela  izquierda de un ciclista profesional y el  volumen  promedio de la patela derecha de un hombre sedentario
fueron de máximo y mínimo, respectivamente. Los resultados demostraron que el volumen de la patela de ciclistas fue significativamente
mayor. De acuerdo a la literatura, el volumen del hueso de la patela fue asociado con una pérdida anual de volumen del cartílago, razón
por la cual el ciclismo en una edad temprana  puede prevenir la pérdida de cartílago de la patela en el futuro.

PALABRAS CLAVE: Volumen de la patela; Ciclista; Judoka; Levantador de pesas; Atleta de taekwondo.
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