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Purpose : The biceps femoris tendon (BFT) and lateral collateral ligament (LCL) in the knee were formerly known to form a
conjoined tendon at the fibular attachment site. However, the BFT and LCL are attached into the fibular head in various
patterns. We classified insertion patterns of the BFT and LCL using MR imaging, and analyzed whether the LCL attaches to
the fibular head or not.

Materials and Methods: A total of 494 consecutive knee MRIs of 470 patients taken between July 2012 and December
2012 were retrospectively reviewed. There were 224 males and 246 females, and patient age varied from 10 to 88
(mean, 48.6). The exclusion criteria were previous surgery and poor image quality. Using 3T fat-suppressed proton densi-
ty-weighted axial images, the fibular insertion patterns of the BFT and LCL were classified into following types: type | (the
LCL passes between the anterior arm and direct arm of the BFT's long head), type Il (the LCL joins with anterior arm of the
long head of the BFT), type Ill (the BFT and LCL join to form a conjoined tendon), type IV (the LCL passes laterally around
the anterior margin of the BFT), and type V (the LCL passes posteriorly to the direct arm of the BFT’s long head).

Results: Among the 494 cases of the knee MRI, there were 433 (87.65%) type | cases, 21 (4.25%) type Il cases, 2 (0.4%)
type lll cases, 16 (3.23%) type IV cases, and 22 (4.45%) type V cases. There were 26 cases (5.26%) in which the LCL and
BFT were not attached into the fibular head.

Conclusion: The fibular attachment pattern of the BFT and LCL shows diverse types in MR imaging. The LCL does not
adhere to the head in some patients.
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A posterolateral stability of the knee is maintained
by numerous ligaments, tendons, and muscles includ-
ing the biceps femoris tendon (BFT) and the lateral
collateral ligament (LCL). The BFT functions as an
external rotator of the tibia, and provides forceful
stability to the knee. There were several previous
reports on the distal insertion patterns of the BFT and
LCL, and they do not agree with one another. In a
radiological study which includes the fibular attach-
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ment of the BFT and LCL, these two structures have
been reported to form a conjoined tendon that
attaches to the fibular head (1). That is, the BFT runs
downwards behind the iliotibial tract and the distal
portions of the BFT and LCL attach to the fibular
head as it forms a conjoined tendon. However, other
cadaveric study on this part did not report any
conjoined tendon of these two structures. And it
reported that the BFT and LCL are attached to the
fibular head independently of each other (2). A
cadaveric study by Terry et al. (3) also does not report

any conjoined tendon of the two structures.

Such cadaveric studies support the argument that
the BFT and LCL do not form a conjoined tendon, but
they form independent fibular insertions. As we show
earlier from the report mentioned above, the attach-
ment pattern of the BFT and LCL is not uniform in
different patients. Such anatomic variation may cause
confusion in interpreting images of the lateral ligamen-
tous structures of the knee. More accurate understand-
ing of these structures would allow precise radiological
assessment of patients with the knee lesions and it
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Fig. 1. Fibular insertion of the BFT and LCL, alB: anterior arm of the BFT's long head, dIB: direct arm of the BFT's long head, dsB: direct

arm of the BFT's short head.

(@) Type |, the LCL passes between the anterior arm and direct arm of the BFT's long head.

b) Type II, LCL joins with the anterior arm of the BFT’s long head.
¢) Type lll, the BFT and LCL join to form a conjoined tendon.

d) Type IV, the LCL passes laterally around the anterior margin of the BFT.
e) Type V, the LCL passes posteriorly to the direct arm of the BFT’s long head.
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would provide a more detailed map for surgeons who
plan to do reconstructive operations or repairs in this
area.

The authors classified the insertion patterns of the
BFT and LCL using MR imaging. We hypothesized
that the proportion of patients with conjoined the BFT
and LCL would not be predominant, and that there
would be additional insertion patterns of these
tendons.

MATERIALS AND METHODS

1. Patients

This retrospective study was approved by our institu-
tional review board, which waived the need for
informed consent. 516 cases of the knee MR’s from
492 patients were included in the study from July 2012
to December 2012. Among the 516 cases of the knee
MR images, 20 cases were excluded due to prior
history of the knee related surgery, and two additional
cases were excluded due to poor image quality. The
study was proceeded with 494 cases of knee MR’s from
470 patients. There were 224 males and 246 females,
and the patient age varied from 10 to 88 (mean, 48.6).

2. Imaging

Routine knee MR images were acquired with a 3.0-T
MR system (Gyroscan Archieva 3.0 Tesla, Philips
Medical System International, Best, The Netherlands)
using dedicated eight-channel extremity receiver knee
coils. The patients were positioned in supine position
with their knee in 10° of flexion state (4). The routine
MR protocol was set with a 3T proton density (PD) fat
suppressed axial (TR/TE, 4036/20; section thickness, 3
mm; number of signals acquired, 1; field of view, 15
x 15 cm; matrix size, 332 x 332; echotrain length,
4), T2 TSE sagittal (TR/TE, 3900/100; section
thickness, 2.5-mm; number of signals acquired, 1; field
of view, 15 x 15 cm; matrix size, 300 x 300;
echotrain length, 15), PD fat suppressed coronal
(TR/TE, 5000/30; section thickness, 2.5-mm; number
of signals acquired, 1; field of view, 15 x 15 cm;
matrix size, 300 x 300; echotrain length, 6), PD TSE
sagittal (TR/TE, 5000/30; section thickness, 2.5-mm;
number of signals acquired, 1; field of view, 15 x 15
cm; matrix size, 300 x 300; echotrain length, 10).
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3. Analysis

Using mainly the proton density fat suppressed axial
images (TR/TE, 4036/20), the distal insertion patterns
of the BFT and LCL of 494 knee MR images were
classified into five types by the two radiologists in
consensus. In type [, the LCL passes obliquely between
the anterior and direct arm of the long head of the
BFT. In type II, the anterior arm of the long head of
the BFT joins with the LCL. In type III, the BFT and
LCL join to form a conjoined tendon. In type IV, the
LCL passes laterally around the anterior margin of the
BFT. In type V, the LCL passes posteriorly to the direct
arm of the long head of the BFT (Fig. 1).

When a patient had taken MR images on both knees,
the insertion types of both knees were recorded. In
total, 24 patients had MR images taken on both knees.

While classifying the insertion types of the BFT and
LCL, we found some cases in which the LCL was not
inserted into the fibular head. Thus we added another
item to our database to record whether the LCL is
inserted into the fibular or not.

RESULTS

In the 494 cases of the knee MR images, there were
433 (87.65%) type I cases, 21 (4.25%) type I cases, 2
(0.4%) type III cases, 16 (3.23%) type IV cases, and
22 (4.45%) type V cases. The majority was type I,

Fig. 2. 28-years-old female, type I.

3T proton density fat suppressed axial image (TR/TE, 4036/20).
LCL (arrowhead) passes between the anterior arm (open arrow)
and direct arm (solid arrow) of the BFT's long head.
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and there were only two cases in which the BFT and
LCL formed a conjoined tendon (Figs. 2-6).

Among the 24 patients who had imaged both sides
of knees, 18 (75%) had the same insertion type in
both knees. two patients of these 18 (2/18, 11%) were
type I, 15 (15/18, 83%) were type II, and 1 (1/18,
5.5%) was type VI. Six patients among the 24 with
both knee MR images (25%) had different types in
each knee (two patients each with type II & III, type I
& I, and type II & VI).

In 26 out of 494 cases of knee MR images (5.26 %),
the BFT and LCL were not attached to the fibular
head (Fig. 7). Of these 26 cases, 22 were type |
(22/494, 4.45%), 3 were type 11 (3/494, 0.006 %), and
1 was type IV (0.002%).

http://www.ksmrm.org

DISCUSSION

The fibular attachment site of the BFT and LCL is
not a site with a high incidence of disease or trauma,
and there are no reports about the fibular insertion
site and the surrounding area (5). However, the recent
advancements in MR imaging with thin sections and
improved image quality made it possible to observe
the fibular insertion patterns of the BFT and LCL in
greater detail.

It was generally known that BFT and LCL form a
conjoined tendon to attach to the fibular head (1, 6).
However, results from cadaveric studies on BFT and
LCL insertions argue differently (2, 3, 5, 7, 8).
According to Sneath et al. (2), 48 cadaveric knee
dissections show that the BFT divides into multiple
fibers that that attaches to the fibular head indepen-

Fig. 3. 12-years-old male, type II.

(a, b) 3T proton density fat suppressed
axial image (TR/TE, 4036/20). The
anterior arm (open arrow) of the BFT's
long head joins with LCL (arrowhead).
The solid arrow indicates the direct arm
of the BFT's long head.

Fig. 4. 52-years-old male, type IIl.

(@) 3T proton density fat suppressed
axial image (TR/TE, 4036/20). BFT (open
arrow) is not divided into separate
arms, and forms a fused mass. The
arrowhead indicates the LCL. (b) In a
lower level, BFT and LCL joins and
forms a conjoined tendon (stripe
arrow).
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Fig. 5. 61-years-old male, type IV.

3T proton density fat suppressed axial image (TR/TE, 4036/20).
LCL (arrowhead) passes laterally to the anterior arm (open
arrow) of BFT. The solid arrow indicates the direct arm of long
head of BFT. Stripe arrow indicates fibula.

a b
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Fig. 6. 64-years-old female, type V.
3T proton density fat suppressed axial image (TR/TE, 4036/20).

LCL (arrowhead) passes posteriorly to the direct arm (solid
arrow) of long head of BFT. Stripe arrow indicates tibia.

C

Fig. 7. 28-years-old male patient without fibular insertion of the LCL.
(@) Proton density (PD) fat suppressed coronal image (TR/TE, 5000/30) and (b) axial image show LCL (arrowhead) passing the fibular
head without attachment. (c) In a lower level, axial image show LCL (arrowhead) passing the fibular head laterally in an aponeurosis

form.

dently from the LCL. They stated that the BFT is
divided into two portions. One of the portions is
attached to the fibula. And the other divides once
again into 4 laminae to conjoin with the LCL or
attached to the tibial lateral condyle. Later, Terry et al.
stated that the BFT is consists of a long head and a
short head (3). They reported that the long head
divides once again into a direct arm and an anterior
arm, both of which attaches to the fibular head. The
direct arm of the short head (lateral and posterior
tendinous part) is attached to the fibular head, while
the anterior arm had a tibial insertion. As stated by
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the studies above, the BFT does not simply form a
conjoined tendon with the LCL to attach to the fibula,
but it divides into multiple portions that are separated
from the LCL and attaches mostly into the fibula, with
some inserting into the tibia.

In a study that correlated such cadaveric studies with
axial MR images, five specimens out of seven showed
that the direct and anterior arms of the long head of
the BFT and the direct arm of the short head of the
BFT were separated as discrete components near the
fibular attachment site (3). Also, in this cadaveric
study, LCL was located relatively medially to the

http://www.ksmrm.org
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anterior arm and direct arm of the long head of the
BFT. This is consistent with the MR findings shown in
our study. There was no other significant MR imaging
study about the fibular attachment of the BFT.

The authors tried to find out the various distal
insertion patterns of the BFT and LCL using a large
number of knee MR images (494). Based on previous
studies(2, 3, 5, 7, 8), each arm of the BFT could be
observed as separate structures in all cases. After
analysis of the MR images, the insertion patterns of
the LCL and the two arms of the BFT could be
grouped into five different types. Type I (LCL passes
between the anterior and direct arms of the long head
of the BFT) was found to be the most common type,
and the type in which the BFT and LCL attached to
the fibular head as a conjoined tendon was observed
the least frequently. Thus we can conclude that accord-
ing to analysis with MR images, the insertion pattern
of the BFT and LCL exists in various forms and the
conjoined tendon previously known is very rarely
seen.

Discovery of the five different MRI patterns
described in the results would open venues for further
researches for anatomical confirmation of the different
patterns. If the MRI patterns are confirmed by
anatomic studies, physicians in the field could find the
clinical implications of each different patterns.

In 26 cases out of 494 cases of knee MR images
(5.26 %), the LCL was not attached to the fibular
head. Instead, the LCL passed the fibular head
laterally in an aponeurosis form (Fig. 7). There has not
been any anatomical report yet that could describe
this kind of variant of the LCL insertion (9).

Our study is limited by the following points: First,
analysis was performed using only MR images and no
other imaging modalities were included. Second, only
images were chosen to study and no actual cadaveric
study was done to confirm the findings observed in
MR images. Third, this report documents only the
discovery of five different patterns of the BFT and
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LCL tendons. Clinical differences among the five
types are yet to be explored. However, future clinical
studies based on this report would allow more detailed
understanding of the pathophysiology in the postero-
lateral corner of the knee.

In conclusion, the previously known conjoined
tendon at the fibular attachment of the BFT and LCL
was actually very rare to exist. Fibular attachment
pattern of the BFT and LCL shows various types in
MR imaging. Understanding of such anatomic
variations will be useful when evaluating anatomic
structures in this area.
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