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a b s t r a c t 

The patellar tendon is an integral part of the knee extensor mechanism and has been histor- 

ically described as a single tendon. A doubled patellar tendon is an exceedingly rare finding. 

We present a case of a crossed doubled patellar tendon in a 70-year-old male with a his- 

tory of right knee pain, which to our knowledge has only been reported once before in the 

literature. The presence of a doubled patellar tendon has a potential influence on surgical 

planning and in the etiology of anterior knee pain. 

© 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

The patellar tendon is an integral part of the knee extensor
mechanism, transmitting force generated by the quadriceps
muscles onto the tibia, using the patella as a fulcrum. The
patellar tendon originates from the anterior aspect of the dis-
tal end of the patella, coursing anterior to the knee joint, and
inserts on the tibial tuberosity. It consists of bands of collage-
nous, fibrous connective tissue aligned parallel to the longi-
tudinal axis and is surrounded by a tendon sheath which is
composed of extracellular matrix [1] . 

The patellar tendon is typically described as a single,
straight tendon with parallel tendon fibers. Doubled patel-
lar tendons have only been reported twice before, one with
crossed and the other with uncrossed anatomy [ 2 ,3 ]. Here we
present a second case of crossed double patellar tendon, and
discuss its anatomy, embryology and potential clinical impli-
cations. 
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Case report 

The patient is a 70-year-old male with hypertension and knee
pain and no prior history of knee surgery or trauma. There was
no other contributory medical history. 

MRI imaging of the right knee without contrast using a
standard MRI imaging protocol of coronal T1 and fat sup-
pressed FSE T2 weighted images, sagittal proton density (PD)
and fat suppressed FSE T2 weighted images, and axial fat
suppressed FSE T2 weighted images, performed using a 1.5
Tesla General Electric scanner with a flexible knee coil. Im-
ages revealed 2 patella tendons, both originating from the in-
ferior patella, with the deep bundle positioned slightly lat-
eral to the superficial bundle. The deep bundle crosses the su-
perficial bundle as it courses inferomedially towards the tib-
ial tuberosity, and the superficial bundle coursing inferolat-
erally to the tibial tuberosity ( Fig. 1 ). Sagittal images depict
two distinct bundles, with the superficial bundle coursing in-
t of interest. 
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Fig. 1 – Sequential (proximal to distal) axial fat suppressed T2 weighted images starting at the femoral condyle (a) reveals 
two distinct patellar tendons coursing inferiorly towards the tibial tuberosity (e). The deeper component originates slightly 

lateral to the superficial tendon, crossing the superficial tendon and inserting at the tibial tuberosity medial to the 
superficial tendon (a-e). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

feriorly from the lower pole of the patella with some contri-
bution from the distal rectus femoris tendon, and the deeper
bundle originating from the lower pole of the patella coursing
deep to the superficial bundle ( Fig. 2 ). There was no evidence
of patella tendinosis or tear. Of note, there was one patella
with a Wiberg type B morphology (small medial and larger
lateral facet), and no evidence of duplicated patella or patella
hypoplasia/aplasia. There was also no trochlea hypoplasia or
dysplasia and no patellar maltracking. There was tricompart-
mental osteoarthritis worse in the medial compartment with
no disproportionate patellofemoral chondrosis, and there was
a degenerative tear of the medial meniscus, likely accounting
for the patient’s presenting pain. 

Discussion 

The patellar tendon is a flattened, band-like structure that
connects the inferior aspect of the patella, a large triangular
sesamoid bone located at the anterior knee joint, to the tib-
ial tuberosity [1] . It serves primarily as a ligament, though it is
often referred to as a tendon since part of its fibers is a con-
tinuation of the rectus femoris tendon. Its patella attachment
site is wider compared to the tibia attachment site, and the
fibers converge and narrow before inserting into the superior
tip of the tibial tuberosity [4] . 
In two-thirds of the population, the patellar tendon at-
taches to the anterior distal two-thirds of the patella as in
this case; however, in one-third of the population, the tendon
originates from the posterior aspect of the distal patella [4] . In
the sagittal plane, the patellar tendon fascicules are aligned in
parallel. It is thin and broad proximally and becomes thick and
narrow distally as fascicules converge toward their tibial at-
tachment site [5] . The patella itself also has variations, with its
distal inferior pole appearing in either a pointed or blunt con-
figuration. The blunt variant is associated with longer patel-
lar tendon fibers attaching at the anterior surface and shorter
fibers at the posterior surface. Shorter posterior fibers may
result in disproportionate elongation of the anterior tendon
fibers during knee flexion, contributing to tears during knee
injuries and the development of tendinosis [4] . Patella varia-
tions in the patellar length, articulation surface length, and
the length of the patellar tendon also occur [6] . 

Examination of the embryological development of the
patella and patellar tendon may provide insights into the se-
quence of events that led to the formation of a doubled patel-
lar tendon. During the prenatal period, the quadriceps tendon,
patellar ligament, and the patella appear together as a com-
plex band of fibrous connective tissue spanning the anterior
aspect of the knee [1] . The patellar ligament becomes visible
around 7 weeks of gestation. At 9 weeks, the patellar ligament
can be identified and is seen as part of the quadriceps tendon
extending across the superficial aspect of the patella to attach
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Fig. 2 – Sagittal fat suppressed T2 weighted images demonstrates two separate patellar tendons. The superficial bundle 
appears as an extension of the rectus femoris tendon. The second bundle is positioned deep to the superficial bundle, 
coursing from the patella to the tibial tuberosity (a,b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

to the upper epiphysis of the tibia [ 7 ,8 ]. As gestational age in-
creases, the mean length of the patellar ligament increases
on average from 3.48 mm initially to 17.45 mm. The proximal
and distal widths increase as well, though disproportionately,
with a larger increase in the proximal width compared to the
distal width [9] . The tendons continue to mature and the or-
ganization of the knee joint ligaments is complete by week 13
[7] . As for the development of the patella, some models have
proposed that it develops within that initial band of connec-
tive tissue in response to the mechanical signals generated by
the attached tendons, and becomes completely cartilaginous
by 14 weeks of gestation [ 1 ,10 ]. Other research models have
proposed that the patella develops as an extension of the fe-
mur not associated with the tendon structures and is signaled
by the TGF β and BMP4 molecular pathways, and only later be-
comes fused with the quadriceps tendon, leading to the for-
mation of the patellar ligament [10] . 

The formation of a doubled patellar tendon may be ex-
plained by a change during one of the embryological develop-
mental events described above. Aberrant molecular signaling
is one possible etiology in which a slight change in the signal-
ing pathway might have caused the formation of two different
patellar ligament attachment sites during the development of
the patella. Tears in the patellar tendon due to injuries during
development is another possible mechanism that might have
led to the formation of two distinct crossed patellar ligaments
( Fig. 3 ). 

MRI is a commonly used imaging modality to assess for
knee pathology, and a varying imaging appearance of the
patellar tendon has been reported. In a normal MRI of the knee
joint, the patellar tendon appears as a low-intensity band on
all pulse sequences, with well-defined margins. It is flattened
proximally and assumes a semilunar convexity distally as it
approaches the tibia attachment site. Buckling of the tendon
during knee extension may alter the signal intensity at multi-
ple foci, partly due to magic angle effect [4] . Magic angle effect
is an artifact that results in high signal intensity at variable
positions within tendons or articular cartilage during short TE
sequences, e.g. T1 and PD sequences, due to spin-spin inter-
actions between protons at different angles when the tendon
is approximately 55 degrees to the main magnetic field [11] .
The artifact disappears on long TE sequences. Joint effusions
and anterior cruciate ligament tears may also result in similar
buckling and secondarily affect signal intensity [12] . 

Despite the subtle variations in the anatomical and MRI
presentations of the patellar tendon, the patellar tendon has
important clinical applications, one of which is the recon-
struction of the anterior cruciate ligament (ACL) [2 ,13] . Ap-
proximately 300,000 ACL reconstructions are performed in the
U.S. annually. Bone patellar tendon bone (BPTB) autograft has
often been used for ACL reconstruction and has demonstrated
excellent clinical results, low failure rates, and high patient
satisfaction. It is considered the “gold standard”, superior to
synthetic grafts [13] . During reconstruction, the central one-
third of the native patellar tendon is often removed and used
as the graft. However, postoperative morbidities such as ante-
rior knee pain, patellar tendon tear, patellar fracture, and pos-
sible graft mismatch exist [14] . A doubled patellar tendon may
potentially have surgical implications in ACL reconstruction
surgeries, given the presence of two independent tendons, al-
though more data is needed regarding its application and pos-
sible post-operative complications. 

Interestingly, the two previously reported doubled patellar
tendon cases by Haydar et al and Loizides et al are both as-
sociated with knee pain, either subacute or chronic in nature
[ 2 ,3 ]. A potential contribution of the doubled patellar tendon
to the pathology of knee pain remains a possibility, though
confounding factors exist. Wang K et al demonstrated in their
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Fig. 3 – Illustration of the crossed doubled patellar tendon of the right knee. Note the origin of the deep bundle more lateral 
to the superficial bundle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

study that during knee flexion and slow and fast walking, the
central proximal posterior region of the patellar tendon expe-
rienced the highest strain and stress, followed by the central
distal posterior, central distal anterior, and central proximal
anterior regions. The higher loading stress at the central prox-
imal posterior region also corresponds to a higher incidence
of tendinopathy at that site (jumper’s knee) [15] . The anatom-
ical structure of a doubled patellar tendon differs from that
of a single patellar tendon, which likely results in a different
magnitude and location of loading stress and strain as com-
pared to those demonstrated by Wang K et al. The influence of
a doubled patellar tendon on patella tendinopathy and inter-
nal derangement as a result of altered mechanics is currently
unknown and requires further investigation. 

Conclusion 

While normal anatomical and MRI variants of the patella and
patellar tendon are well documented in the literature, a dou-
bled patellar tendon is an exceedingly rare finding that should
be noted on routine imaging and during pre-operative plan-
ning [ 2 ,3 ]. With the report of two cases of doubled patellar ten-
don by Loizide et al and Haydar et al only within the last 5
years, the existence of a doubled patellar tendon might be un-
der recognized and/or more common than originally reported,
and its potential contribution to chronic knee pain remains a
possibility. 

Patient consent 

Informed consent has been obtained from the patient for pub-
lication of his case. 
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