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Lawrence score were assessed. Ultrasonographic
assessment was performed on the quadriceps and
patellar tendons through three scans in both transverse and longitudinal planes, and power-Doppler
images were taken.
Results: The Obese group presented a trend toward
a higher percentage of low degree radiographic
knee OA compared to the Lean group. Ultrasonography evidenced the involvement of the peripatellar
entheses, synovitis and effusion at the supra-patellar recess and muscular tissue fibroadipous degeneration, and hypotrophy of rectus femoris, particularly evident in the obese group.
Conclusions: There are marked abnormalities of
the quadriceps and patellar tendons both in obese
and lean patients with knee OA. Although obese patients were significantly younger than lean patients,
the presence of quadriceps and patellar tendons
abnormalities in the knee OA Obese group supports the hypothesis of an early onset of abnormal
tendon structure in the younger obese population
with knee osteoarthritis.
Level of evidence: III.
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Introduction: Obesity is a risk factor for knee osteoarthritis (OA). We hypothesised that, because of
mechanical overload and metabolic impairment,
obese patients with knee OA present more frequent
knee extensor system abnormalities compared to
lean osteoarthritis patients at high resolution ultrasonography.
Methods: Twelve obese patients (Obese group) and
a control group of ten lean patients (Lean group)
with knee OA were included in this study. Short anteroposterior weight-bearing knee radiographs
were taken. Femorotibial alignment and KellgrenMuscles, Ligaments and Tendons Journal 2018;8 (1):85-92
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Introduction

Obesity is a risk factor in the pathogenesis of knee
osteoarthritis (OA)1-3 through an increased mechanical burden leading to altered motion and abnormal
loading patterns at the knee4. Obesity is associated
with lower quadriceps strength per body mass5. Since
the quadriceps muscle plays an important role in stabilizing the knee, a relative quadriceps weakness in
relation to the excess of body weight could determine
an increased risk of knee OA in obese people6, inducing a higher impact on the cartilage during gait7.
There is good evidence on the role of thigh muscle
weakness in knee osteoarthritis patients8.
The relationship between quadriceps strength and
knee OA has not been completely elucidated5-6, and
there has been recently a growing interest on the role
of intramuscular fat, which may negatively affect muscle morphology and function9-10. Obese subjects present sarcopenia with higher fat infiltration of the
quadriceps compared to lean people, which could account for the lower strength production 5,9. Greater
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Materials and methods
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Twelve consecutive obese patients, nine females and
three males (obese group), referred to our Rehabilitation Unit, aged between 35 and 70 years, and BMI
>30 kg/m2, and were included in this pilot study.
A control group of ten lean patients with knee OA
(lean group), eight females, two males, consecutively
recruited among a population of patients undergoing
for total knee arthroplasty, aged between 35 and 70
years, and BMI <30 kg/m2, was included for comparison.
The main inclusion criteria were men or women over
18 years of age with primary unilateral knee OA according to the American College of Rheumatology19;
first knee OA symptoms detected at least 6 months
before study entry; radiographic evidence of knee
femoro-tibial OA for the knee under exam defined by
the Kellgren and Lawrence grade 1-4; pain and functional limitation during physical activities.
Patients were excluded if they reported previous injury/surgery at the knee, neurological or rheumatic
diseases, and diabetes. The side not to be operated
was considered for the study in the Lean group (10
knees), while both knees were considered for the
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Obese group (24 knees).
The Ethics Committee of our Institution approved the
study protocol, and a written informed consent was
obtained from all patients participating to the study.

na
zi

on
al
i

Radiographic and ultrasonographic assessment
Bilateral short anteroposterior knee weight-bearing
radiographs were taken in all patients in the Obese
group, while in the Lean group radiographs were taken only of the knee not to be operated.
The anatomical axis was measured as the angle between the lines from the centre of the tibial spines
and the centre of femoral shaft and of the tibial shaft.
An angle range between 182° and 184° was considered normal, >184° was defined as valgus, and <182°
was defined as varus20.
Ultrasonographic assessment was performed using a
Siemens ANTARES ultrasonography apparatus with
a multifrequency probe ranging from 5 to 10 MHz
(deep layers) and 10 to 13 MHz (superficial layers).
All patients were tested while supine with the knee at
flexion of 45 degrees and fully extended.
The quadriceps muscle and the quadriceps and
patellar tendons were imaged through three scans in
both transverse and longitudinal planes, and with
power Doppler images (Fig. 1).
The thickness of the patellar tendon was measured at
the proximal 1/3 portion of the tendon before the
patellar insertion, both in longitudinal and sagittal
scans. The course of the patellar tendon was classified as normal or lateralized. All measurements were
performed using the recommendations from the European Society of Musculoskeletal Radiology21. Muscle
tissue fibroadipous degeneration of the quadriceps
was considered as 0=absent, 1=present. The muscle
bulk of the rectus femoris was scored as 0=normal,
1=slight hypotrophy, 2=hypotrophy22.
Infrapatellar bursitis was graded as 0=absent, 1=enlarged >2 mm in both scans. Effusion at the suprapatellar recess was considered in the presence of hypoechoic or anechoic intra-articular material with the
knee extended and during at 45 degrees of flexion.
The presence of increased blood flow of the patellar
and quadriceps tendons was also assessed in both
longitudinal and sagittal scan at 15 degree of knee
flexion, and scored as absent (0) or present (1) at
Power Doppler imaging according to the OMERACT
criteria23. Measurements obtained in the two groups
(obese vs lean patients) were compared by means of
Mann Whitney test. Categorical variables were summarized in terms of frequency and contingency tables
with Kendall-tau b test was used to assess difference.
All the statistical analyses were performed using
SPSS 11.0 (SPSS, Chicago, Illinois, USA).
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quadriceps fat content is associated to mobility limitations, lower quadriceps extensor strength, disability
and symptoms 9,10. Muscle architecture (pennation,
muscle fascicle length) in obese people is related to a
reduced peak torque at the knee level5,11. The presence of intramuscular fat in obese subjects could also
be related to the evidence that metabolic dysregulation, through an adipose tissue-associated inflammation process, could also play a role in knee OA12.
Recently, some interest has been devoted to the relationships between obesity, metabolic diseases and
tendinopathies13-17. There is some evidence that obesity is a risk factor also for tendinopathy at different districts in community based adults, including the patellar
tendon15. Although tendinopathy has been hypothesized to arise from the reduced ability of the tendon of
obese subjects to resist to stress and to repair damages caused by high stress15, prolonged systemic low
grade inflammation, such as in metabolic insulin dysregulation, has also been called into cause16. Spontaneous rupture of the quadriceps tendon in obese patients have been reported16,18. Moreover, histopathological changes at the synovio-entheseal complex at
the tendon attachment sites have been suggested as a
novel mechanism for synovitis in OA14.
The present study analysed the morphological alterations that occur in the quadriceps and patellar tendons of obese patients with knee OA compared to a
group of lean OA patients using ultrasonography. We
hypothesised that, because of mechanical and metabolical issues, obese patients with knee OA exhibit
greater and more frequent knee extensor system abnormalities compared to lean patients with the same
pathology.

Results

Obese patients were significantly younger compared
to the lean ones (52 vs 64.1 yrs), and they exhibited
greater patellar tendon thickness (4 mm vs 2.8 mm,
Muscles, Ligaments and Tendons Journal 2018;8 (1):85-92
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Figure 1. The quadriceps muscle and
the quadriceps and Probe positioning to
visualize patellar tendon in transverse
plane (A) and quadriceps in longitudinal
plane (B).
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p=0.001) (Tab. I). The Obese group presented a
trend toward a higher percentage of subjects with a
low degree of radiographic knee OA compared to the
Lean group (tau=0,308, p=0,066). The Lean group
presented more frequently a varus knee, while the
knee alignment in the OA Obese group was in the
normal range. Specifically, in the Obese group 8
knees were valgus, 2 varus and 2 normal, in the Lean
group 7 knees were varus and 3 valgus.
Regarding the ultrasonographic characterisation of the
quadriceps and patellar tendons, the Obese group presented a higher frequency of 1 and 2 scores, both for
quadriceps enthesitis at the upper pole of the patella
(tau=0.509; p=0.001) and for patellar enthesitis at the
lower pole of the patella (chi squared p=0.024) (Tab. II).
Tibial enthesitis was more frequent in the obese group
(37% vs 20% of the Lean group; NS). Calcifications
were present in 4 knees in the Obese group at the
quadriceps enthesis, and in 2 knees at the tibial enthesis. No calcifications were found in the Lean group.
Power Doppler evaluation did not show significant differences between the two groups.
The frequency of infrapatellar bursitis, synovitis and
effusion of the supra-patella recess was not different
between the groups (Tab. II).
Patellar and quadriceps peritendinopathy was detected in 1 only patient in each group. The course of the
Muscles, Ligaments and Tendons Journal 2018;8 (1):85-92

patellar tendon was within normality in the Lean group,
while in 2 patients of the obese group (16.7%) it was
lateralised (chi squared p=0.034). The muscle bulk of
the rectus femoris was abnormal in 75% of patients of
the Obese group compared to 40% of Lean group
(tau=0.313; p=0.073) (Fig. 2). Muscular tissue fibroadiposus degeneration was more prevalent in the Obese
group (54%) compared to the Lean group (20%) (NS).

Discussion

There is conflicting evidence regarding the possible association between obesity and pathological changes in
the quadriceps and patellar tendons. Some studies report an association between the clinical diagnosis of
patellar tendinopathy and increased BMI, but other
studies in athletes suggest that weight is not a significant risk factor for patellar tendinopathy15.
However, in a study on community based adults without clinical evidence of knee pathology, MRI identified patellar tendon pathology in 28.3% of the subjects. The risk of MRI-defined patellar tendon pathology was associated with both current and past history
of obesity15. Abnormalities in the composition and organization of extracellular matrix components of ten-
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dons are present in obese Zucker rats24. These alterations might be related to organizational and structural modifications in the collagen bundles, influencing the mechanical properties of the tendon and progression towards clinically evident pathology.
Different ultrasonographic features, such as reduced
thickness of the quadriceps tendon and suprapatellar
effusion in symptomatic osteoarthritis knees, have also been associated with pain25,26. Meenagh et al. reported the presence of enthesopathy both at the upper and lower poles of patella and at the anterior tibial tuberosity in 85% of 61 painful knees in 35 patients. However, ultrasonography failed to highlight a
relationship between soft tissue abnormalities and
knee pain27,28.
Based on the relationship between knee OA and obesity, it is possible to speculate a common pathway in
the onset and progression of knee OA in obese patients, both metabolically and mechanically mediated
by the involvement of the extensor apparatus of the
knee.
The present study confirmed the presence of patellar
tendon abnormalities in the Obese group as well in
the Lean group. Considering that the normal patellar
tendon should nor exceed 7 mm29, the patellar tendon exhibited reduced thickness in OA knees. This is
in agreement with previous work reporting a thinner
patellar tendon (mean patellar thickness 2.75+0.19)
in patients with symptomatic knee OA, and particurarly with higher BMI26. The presence of calcifications in
the Obese group may also be the result of a chronic
inflammatory process as a consequence of chronic
repetitive tendon injury and quadriceps tendon overuse in obese subjects.
Quadriceps and patellar enthesitis was diagnosed in
both groups at the superior pole (58% obese vs 90%
lean) and at the inferior pole (42% obese vs 30%
lean) of the patella, and at the anterior tibial tuberosity (37% obese vs 2% lean). The presence of US sign
indicative of entesopathy has been already described
in knee OA patients28, and marked histopathological
changes were found at the origin and insertion of the
patellar tendon of cadavers, introducing the concept
of ”synovio-entheseal complex” to explain a possible
link between enthesis involvement and inflammatory
changes at or near attachment sites, probably reflecting high level of mechanical stress and “wear and
tear” at entheses14.
Increased Power Doppler activity, indicating the presence of neovascularisation in abnormal patellar tendons, was rarely found in the present study (2 patients in the Lean group and 3 patients in the Obese
group)28.
Effusion in the suprapatellar recess and synovitis
were common in both groups (about 45% obese vs
60% lean), in agreement with previous reports in
knee OA patients. Chan et al. 30 reported the presence of suprapatellar recess effusion in 64.8% of the
patients and synovitis in 37.8%. De Miguel Mendieta
et al. 25 and Memerci et al. 26 reported respectively
suprapatellar effusion in 79% of the patients and syn-
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Table I. General parameters.
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Table II. Ultrasonographic characterization of quadriceps and patellar tendons.
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ovitis in 72.3%. However, they did not specify the BMI
of the patients studied.
An ultrasonographic diagnosis of infrapatellar bursitis
was more frequent compared to what reported by Bevers et al.27 (5.6%), and de Miguel Mendieta et al.25
(8.6%), especially for lean patients with knee OA.
Abnormalities of peritenon at both tendons (patellar
and quadriceps) were rare. Finally, the course of the
patellar tendon was lateralized in 2 obese patients,
probably from the increased bulk of the thigh tending
to move laterally in the supine position during the ultrasonographic examination. In addition, obese patients often presented muscular tissue fibroadipous
Muscles, Ligaments and Tendons Journal 2018;8 (1):85-92

Kendall Tau-b

tau=0.308
p=0.066

io
ni
In
te
r

Quadriceps enthesitis
superior pole

Chi Squared

on
al
i

Score
Kellgren-Lawrence

©

Obese Group

iz

Lean Group

NS
NS
NS

NS

NS

p=0.34
NS
NS
tau=0.313
p=0.073

degeneration and a reduced rectus femoris gradient.
Sarcopenia and intramuscular fat infiltration occur
with aging10, but increased quadriceps intramuscular
fat has been demonstrated in subjects with knee OA,
and is related to symptomatic and structural severity
of knee OA9,10,20,31.

Conclusion

The present study provided evidence of quadriceps
and patellar tendons abnormalities both in obese and
lean patients with knee OA. Ultrasonography evi-
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Figure 2. Upper image: panoramic ultrasound view of the extensor apparatus of the knee. A. Left: transverse ultrasound image of a normal rectus femoris muscle bulk (mm 9.6); right: longitudinal ultrasound image of a normal rectus femoris muscle
bulk; B. Left: transverse ultrasound image of a hypothophic rectus femoris muscle bulk (mm 5.8); right: longitudinal ultrasound image of a hypothophic rectus femoris muscle bulk.

denced the involvement of the peripatellar entheses,
synovitis and effusion at the supra-patellar recess and
muscular tissue fibroadipous degeneration, as well as
loss of muscle mass in the rectus femoris. These were
particularly evident in obese patients with knee OA. In
accord with Fairley et al.15, a mechanical effect of obesity on patellar tendon pathology can be hypothesised,
similar to what reported in patellar tendinopathy in athletes who experience repeated heavy loading through
the patellar tendon. The pathogenetic role of systemic
factors however cannot be excluded13,17.
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In the present study, the obese patients group was
significantly younger than the lean patients group and
with a lower Kellgren-Lawrence degree of radiographic arthritis. The presence of quadriceps and patellar
tendons abnormalities in obese patients with knee
OA supports the hypothesis of a role of these structures in the early onset of knee pain.
The characteristics and the size of the Lean group
was a limitation in the present study, as it is not representative of a population comparable for age and
level of knee OA with the Obese group. However, it
Muscles, Ligaments and Tendons Journal 2018;8 (1):85-92

Patellar and quadriceps tendon abnormalities in obese patients with knee osteoarthritis: a preliminary ultrasonographic study
was extremely difficult to find younger lean patients
with symptomatic primary knee OA. Another limitation
was the lack of a radiographic assessment of the
patello-femoral joint in obese knee OA patients to explore the presence of pathology in this compartment
sustaining an anterior knee pain condition.
Nevertheless, this study demonstrated ultrasonographic abnormalities of quadriceps and patellar tendons in symptomatic knee OA obese patients.
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