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 Abstract 

Objectives: Our purpose in the current study was to provide information about 

quadriceps and hamstrings muscle strength and morphology as well as patellar tendon and 

femoral condylar cartilage morphological properties of basketball and football players.  

Methods: Twelve football and eleven basketball players participated to the study. 

Football player’s age was 23.70 ± 6.40 years, height was 171.30 ± 10.75 cm and weight was 

67.55 ± 11.10 kg. Basketball players’ age was 25.90 ± 8.10 years, height was 186.40 ± 15.80 

cm, and the weight was 83.25 ± 16.5 kg. Patellar tendon width was measured along the long 

transverse axis. Short axis diameter was measured from the midpoint of transverse 

measurement of this tendon. Femoral cartilage thickness, which is including 3-points 

(midpoint) lateral condyle, medial condyle and the intercondylar area, was measured in the 

fully flexed position of knee. All measurements were performed using “Linear Array” probes 

(8-16 ve 5-10 MHz Diasus Dynamic Imaging Ltd, Scotland, United Kingdom) on “GE Logiq 

P5 Ultrasound” device.  

Results: Patellar tendon thickness was found 2.16 ± .43 mm in basketball and 2.06 ± 

.32 mm in football players. In basketball players’ isokinetic muscle strength was 196.40 ± 

8.19 Nm and in football players it was 210.45 ± 23.15 Nm. Among the branches, dominant 

knee flexion and extension isokinetic muscle strength which was measured at 60°/s-1 angular 
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velocity and Hamstring: Quadriceps Ratio (H:Q) were not found to be statistically 

significantly different (p> 0.05).  

Conclusion Determining patellar tendon, femoral cartilage thickness and imbalance of 

H:Q muscle strength would allow both basketball and football players to make training more 

effective and suitable for the purpose during the season.  

Key Words: Football, basketball, tendon thickness, isokinetic strength. 

Introduction  

The incidence of knee injuries is high in some sports branches such as football and 

basketball. The incidence of knee injuries in football was reported to be 8% to 27% [1], while 

it was 15.8% in basketball [2]. Knee pain in front of the knee is one of the major factors 

limiting performance in sportsmen. In sport branches including sudden maneuvers and leaps 

such as football, basketball and handball, infrapatellar tendinopathy is cited as the most 

common cause of anterior knee pain [3]. Lian et al. in 2005 has been reported that 

infrapatellar tendinopathy is encountered at 45% frequency in this sport branches [4]. Patellar 

tendinopathy that is seen in both professional and recreational sportsmen due to the overuse of 

the patellar tendon or trauma is characterized by loss of function [3]. The mechanical stimuli 

obtain adaptation may be different for tendon than for muscle tissue [5]. Thus, it is reasonable 

to argue that the development of the muscle-tendon unit within the course of athletic training 

may be characterized by imbalances of muscle capacity and tendon properties, resulting in 

episodes of high tendon strain and stress. The above argumentation can be supported by 

clinical evidence that early manifestations of overload injuries like patellar tendinopathy 

concern adolescent athletes [6].  

Tendon and cartilage pathology is a common issue in everday clinical practice for 

sport medicine physicians [7]. The prevalence of such pathologies is in constant rise due to the 

increase in sport practice involving young and elderly sportsmen. Both tendons and cartilages, 

although able to sustain huge mechanical stresses, have limited healing potential, so that when 

the damage occurs [8]. Diagnosis of infrapatellar tendinopathy is a clinical application which 

sonography, ultrasonography and magnetic resonance imaging are pointed out as important 

diagnostic tools. Ultrasound is considered as a reliable, non-invasive and economical method 

for observing or diagnosis of soft tissue [9,10]. Tendons have higher acoustic contrast than 

other tissues in ultrasound imaging [11]. Therefore, ultrasound is often used for anatomical 

and functional assessment of tendons [12,13]. Especially in sports such as football and 

basketball that have higher risk of lower extremity injury due to intensive use, it is important 
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to determine and compare the structural causes of soft tissue injury, anatomical-functional 

tendon cartilage thickness and isokinetic muscle strength measurement that may arise muscle 

imbalance. As a result of this determination, taking preventive precautions will help 

protection from major injuries (example: tear of anterior cruciate ligament) [14]. In recent 

years, it is known that in health control of sportsmen, not only scanning patellar tendon but 

also measurements of cartilage thickness have been used to assess knee. The studies regarding 

validity and reliability of the cartilage ultrasound are also available [15,16]. But, especially in 

sportsmen, there are no adequate studies about detection of cartilage thickness. Cartilage 

thickness and lesions are issues that should not be overlooked. Therefore, it has been reported 

that, cartilage lesions cause meniscus injury and even rupture of anterior cruciate ligament in 

the later stages [14,17,18]. Besides it has been reported that the muscle imbalance of 

sportsmen is important in the survey of both tendon and patellar cartilage injury [19,20]. For 

many years isokinetic testing is used as a reliable method for measurement and evaluation of 

muscle imbalance and strength [21-24]. There are useful studies in the literature concerning 

muscle strength imbalance and it's effects in sportsmen [20,25-27]. But, these studies do not 

provide information about the comparative strength and muscle imbalance in football and 

basketball branches. Also the studies regarding tendons and cartilage thickness in the 

literature for these branches are very limited. Structural patellar tendon, muscle strength 

imbalance and femoral cartilage thickness may be important factors for the lesions that 

formed during trauma in these branches. These both branches include requiring high power 

movements such as sprint, changing direction, agility, and jumping. Therefore, this study is 

very important to examine in terms of muscle strength and patellar tendon and femoral 

condylar cartilage thickness. Because, there are no studies examine patellar tendon and 

femoral condylar cartilage thickness in the literature. Generally, tendinopathies have not been 

proven effective, which may be because the etiology and injury mechanisms are largely 

unknown [28]. Some studies have been indicated that the development of tendinopathy is 

related to repetitive tensile load, strain of the tendon fascicles and fibrils [29,30]. Owing to the 

lack of clinical and experimental verification, no obvious scientific agreement has been 

reached specifically on muscular strength and patellar tendon and femoral condylar cartilage. 

However, we know that patellar tendon thickness has been increased as a result of repitetive 

micro trauma. Therefore, this study can reveal important results about potential risks. Our 

purpose in the current study was to provide information about quadriceps and hamstrings 

muscle strength and morphology as well as patellar tendon and femoral condylar cartilage 
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morphological properties of basketball and football players. We hypothesized that would be 

differ between football and basketball players in terms of quadriceps and hamstrings muscle 

strength and patellar tendon and femoral condylar cartilage.  

Method 

Participants 

A previous power analysis with an alpha of 0.05 and power of 80%, utilizing effect 

sizes from our study, determined that the smallest sample size adequate to detect high effect 

sizes (20%) for groups would be 12 participants for each group. The sample size virtually 

guaranteed that the effect would be observed. The sample size of the study was determined by 

GPOWER 3.1 trial version (power 80%, two-sided significant level, 5%). Twelve football and 

eleven basketball players participated to the study. Football player’s mean age was 23.70 ± 

6.40 years, mean height was 171.30 ± 10.75 cm and mean weight was 67.55 ± 11.10 kg. 

Basketball players’ mean age was 25.90 ± 8.10 years, mean height was 186.40 ± 15.80 cm, 

and the mean weight was 83.25 ± 16.5 kg.  Inclusion criteria of research; a) to be playing 

football and basketball regularly for 5 years, b) they have Tegner Activity Levels between 8 

and 10 [31], c) not to have any inflammatory rheumatic diseases, d) not to be osteoarthritis, 

and e) had not undergone surgery or trauma from related tendons, environmental joints and 

soft tissue. Sportsmen who want to leave work on a voluntary basis excuded from the study. 

Before starting the research participants were informed about the content of the study, its 

purpose, application and the potential risks. Voluntary consent forms were distributed and 

were signed to all participants. Consent was obtained from "Malatya Clinical Research Ethics 

Committee " for this research. 

Ultrasound Imaging Method 

All imaging measurements of the sportsmen of both branch were applied in the pre-

season period by a physical medicine and rehabilitation specialist physician experienced in 

musculoskeletal ultrasonography. All measurements were performed using “Linear Array” 

probes (8-16 ve 5-10 MHz Diasus Dynamic Imaging Ltd, Scotland, United Kingdom) on “GE 

Logiq P5 Ultrasound” device. Patellar tendon thickness measurements; participants were lied 

in supine position on the treatment table and dominant knee was taken to 300 flexion. Linear 

image of distal patellar tibial tendon was obtained by observing in insertion. The deepest point 

of the tendon fiber inserted into the tibia was called "x point". From 1 cm proximal of x point 

the long axis of the tendon was obtained in a vertical cross-view. Measurements were applied 

in this area. The width was evaluated along the long transverse axis of the tendon. Tendon 
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short axis diameter was estimated from the midpoint of the transverse measurement. Femoral 

condylar cartilage thickness measurements (dominant knee); evaluations were done axially 

with linear prob in full flexion position of knee from suprapatellar window including 3-points; 

lateral condyle, inter-condylar area and medial-condyle, (mid-point). All received evaluations 

were measured and recorded as millimeter (mm). 

Isokinetic Tests 

Isokinetic muscle strength measurements; dominant side knee isokinetic peak torque 

was measured by a Biodex system 3 isokinetic dynamometer (Biodex Medical Systems, Inc., 

Shirley, NY, USA, 2000). During data collection, device calibration settings made in 

accordance with the manufacturer's recommendations on a regular basis. Participants were 

placed on a chair in the sitting position for the test. To prevent upper body movement, 

individually adjustable, cross, chest and hip belt was used. Trunk/thigh angle was set to be 

85°. Participants were asked verbally whether they were comfortable on measurement 

position. Directory anatomical position of knee in 90° flexion, and 70° range of motion (from 

90° flexion to 20° flexion; 0°=full extension) were measured using a goniometer. Participants 

started to test with audio warning given by the dynamometer and ended with the same voice. 

Participants were orally encouraged in order to strive maximum effort during the test. Knee 

flexor - extensor torque of participant’s were measured at 60°/s-1 angular velocity. One set 

including 5 repetition concentric isokinetic exercise at 60°/s-1 angular velocity was made to 

participants. All measurements estimated and recorded as Newton. meter (Nm). Hamstring: 

Quadriceps (H:Q) ratio of muscle strength was obtained by dividing the concentric maximum 

flexion (hamstring) knee torque to concentric maximum extension (quadriceps) knee torque at 

60°/s-1 angular velocity [24]. 

Statistical analysis  

Statistical analysis procedures started with "Kolmogorov-Smirnov" analysis for testing 

homogeneity of the available data. "Mann-Whitney U Test" was used for comparisons 

between two branches since there is no normal distribution. All statistical analyses were 

performed using SPSS 17.0 software package. In this study obtained data were expressed as 

mean ± standart deviation (SD). Level of significance in the research was considered p <0.05. 

Results 

Dominant knee cartilage and tendon thickness of the participants were presented in 

figure 1. 
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Fig. 1: Dominant Knee Cartilage and Tendon Thickness of Participants 

When dominant knee femoral cartilage thickness compared to football and basketball medial-

condyle (p=.532); lateral condyle (p=.783) and inter-condyle area (p =.218) there was no significant 

difference between groups. The patellar tendon thickness measurements were not found to be 

statistically significantly different between two groups either (p=.766). Dominant knee muscle 

strength measurements of the participants were presented in figure 2. 

 

Fig. 2: Dominant Knee Muscle Strength Measurements of the Participants  

When compared dominant knee flexion and extension isokinetic muscle strength of 

basketball and football players which measured in 60°/s-1 angular velocity were not found to 

be statistically significant difference between groups (p=.459, p=.221). Also, when compared 

in terms of branch variety, H:Q ratios were not found to be statistically significantly different 

(p=.885). 
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Discussion 

Femoral condylar cartilage and patellar tendon thickness, knee flexion-extension 

muscle strength and H:Q ratios of football and basketball players were compared in this study. 

There are no data in the literature for ultrasonographic femoral condylar cartilage thickness 

measurement between these two branches. The studies conducted on non-athletic population 

are more purposeful to determine current degeneration than cartilage thickness [32-34]. 

According to limited studies about reference values of femoral condylar cartilage thickness in 

the literature, human femoral condyle cartilage thickness is 1.65-2.65 mm. These results 

belong to a study conducted on 11 cadavers (Caucasian) with mean age of 65.1 and mean 

BMI (Body Mass Index) of 19.3 [35]. Frisbee et al in 2006 found in their study based on 6 

cadavers, in 5 local region of people knee joint including medial trochlear ridge and the 

medial condyle, cartilage thickness was 2.2-2.5 mm [36]. When this study compared with the 

samples from literature, femoral condylar cartilage thickness mean values of 23 sportsmen 

were between 1.95- 2.27 mm. The survey results were consistent with the literature, but 

narrower ranges of values obtained according to the literature. Homogeneous study groups 

occur from sportsmen who have no gender difference and physiological properties may 

explain why obtained values that are close together. Mean age of the cadavers of Shepherd 

and Seedom's [35] study was so higher than our study group including healthy sportsmen. 

There may be other factors that affect the range. It is stated that the thickness of the cartilage 

is associated with activity levels. Hall and Wyshak in 1980 reported in their study that is done 

with arthrography method which cartilage thickness is compatible with person's weight and 

activity status in weight-bearing joints [37].  

There are also studies that report, regardless of weight values, cartilage thickness is 

higher at some weight-bearing points of joints [38]. This conflict with the research results of 

the studies can be explained by using different measurement methods and device variants. In 

this study cartilage thickness was measured by ultrasound method, because there are studies 

revealing the validity and reliability about measuring cartilage thickness [15,16]. At the same 

time assessment of the tendon thickness is very important in the evaluation of sportsmen knee 

health, at detection of current lesions or risk of lesion formation. Fredberg and Bolvig in 2002 

found 17% risk of tendinopathy in their study by examining asymptomatic 54 elite football 

players with tendon ultrasonography [39]. They reported that ultrasonography could be 

preferred to predict the risk of tendinopathy and development of symptoms. The aim of our 

study was to compare and identify these risks in terms of football and basketball players. But 
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there was no deficit in the tendon examined in 23 sportsmen according to the survey results. 

Therefore, risk comparisons could not be made. For this purpose, it is thought that large trials 

can be executed to make comparisons. 

Schmidt et al investigated 102 healthy volunteers in their study. They measured 

patellar tendon thickness from 2 cm distal of distal patella [40]. Patellar tendon thickness 

minimum reference value was determined 1.2, average value was 3.2 mm and maximum 

value was 5.5 mm. Toprak et al compared patellar tendon thickness by using Doppler 

ultrasound method of 60 female volleyball sportsmen aged 11-16 years with same age group 

of sedentary controls [41]. Measurements were made from 6 mm distal of proximal point of 

the long axis. They measured proximal thickness as 2.8-6.2 mm. Our study findings were 

partially consistent with the literature results. But, points of measurement, research groups 

and the mean age of the study groups were not similar with our study. Thus, tendon diameter 

was measured based on the midpoint of the transverse axis in this study. In addition, 

characteristics (age, sex, physical activity status) of the study group that consisted of 

sportsmen were homogeneous. In this study tendon thickness of 23 sportsmen was 1.4-2.7 

mm. In football players mean thickness of the tendon was 2.06 ± .32 mm, and it was 2.16 

±.43 mm in basketball players. Weinberg et al. [42] examined a total of 14 patients of patellar 

tendinosis in their studies. They detected patellar tendon thickness values 2-8 mm (mean 4.4 ± 

1.7mm). This range is wider than both our study findings and data obtained from healthy 

individuals examined in the literature. This group that extends the range of values that patellar 

tendinosis patient is seen as an important factor. The mean thickness value of normal patellar 

tendon has been evaluated as a broad range of 1.2-6.2 mm in this literature [40,41]. According 

to the findings in the patellar tendon thickness measurements there was no statistically 

significant difference between football and basketball branches. It is considered that the lack 

of statistically significant differences is caused by similar activity of knee and tendon 

thickness associated with muscle strength in both branches. With the respect, our study 

findings are an original study when examining the literature. 

There was no statistically significant difference between isokinetic knee flexor and 

extensor muscle strength between two branches. H:Q peak torque ratios are used extensively 

in the determination of the muscle strength of sportsmen. H:Q ratios of peak torque, 

especially indicates the functional ability of agonist and antagonist muscles of the knee and 

the balance between hamstring and quadriceps muscles [43,44]. Muscle imbalance measured 

over H:Q peak torque ratios is an important parameter in the rehabilitation process of both the 
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physical condition status and sports injury [45]. It has been proved that H:Q muscle strength 

imbalance can lead to lesions of the knee when faced with trauma in sportsmen [46]. Some 

researchers reported that there is a high correlation between the incidence of lower extremity 

injuries and H:Q peak torque imbalance in their study. In most of these studies in the 

literature, H:Q peak torque ratio is emphasized that it should be 0.50 and 0.80 range. High 

incidence of knee injuries has been reported among sports activities especially branch such as 

football, basketball, and volleyball [47-49]. Knee flexion muscle strength has been measured 

at 600/sec-1 angular velocity was found 98.54 ± 13.2 Nm /sec in basketball, while it was 

106.60 ± 12.4 Nm /sec in football. Knee extensor muscle strength was determined as 196.40 ± 

19.8 Nm /sec-1 in basketball players while 210.45 ± 23 Nm /sec in football players. However, 

there was no statistically significant difference, knee muscle strength values were relatively 

higher in football players according to basketball players. This data can be show that football 

players use knee joint more intense than basketball players. H:Q ratios of 23 sportsmen were 

found to be 47.70 ± 8.4 in basketball players, while 50.30 ± 10.1 in football players. The 

findings of the other studies in the literature are close to the value obtained from the study, but 

it is not at the desired level. Obtained H:Q values were close to the lower limit of the values 

obtained from the literature.  

Conclusions 

We therefore concluded that determining patellar tendon, femoral cartilage thickness 

and imbalance of H:Q muscle strength would allow both basketball and football players to 

make training more effective. Also, determining H:Q imbalance in the pre-season process 

would provide to determine the need of additional hamstring-quadriceps training and follow 

up the development in the next periods. In this context, the research is important and has an 

original structure in terms of limited resources in the literature about pre-season determination 

of femoral condyle cartilage, patellar tendon thickness of football and basketball players. In 

addition to other findings, H:Q values bring differences to the study. But further studies that 

will be conducted on sportsmen of similar or different sports are required to test the data 

obtained from this study. 

Limitations  

Working on a small group of volunteers was the first limitation of this study. Another 

weakness of this study was the diversity of the measurement reference points obtained from 

literature. Reference points of measurement and differences in evaluation technics made it 

difficult for us to make comparisons.  
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