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Morphology of the Insertions of the Superficial
Medial Collateral Ligament and Posterior Oblique

Ligament Using 3-Dimensional Computed
Tomography: A Cadaveric Study

Takaaki Saigo, M.D., Goro Tajima, M.D., Ph.D., Shuhei Kikuchi, M.D., Jun Yan, Ph.D.,
Moritaka Maruyama, M.D., Ph.D., Atsushi Sugawara, M.D., Ph.D., and

Minoru Doita, M.D., Ph.D.

Purpose: To describe the insertions of the superficial medial collateral ligament (sMCL) and posterior oblique ligament
(POL) and their related osseous landmarks. Methods: Insertions of the sMCL and POL were identified and marked in 22
unpaired human cadaveric knees. The surface area, location, positional relations, and morphology of the sMCL and POL
insertions and related osseous structures were analyzed on 3-dimensional images. Results: The femoral insertion of the
POL was located 18.3 mm distal to the apex of the adductor tubercle (AT). The femoral insertion of the sMCL was located
21.1 mm distal to the AT and 9.2 mm anterior to the POL. The angle between the femoral axis and femoral insertion of the
sMCL was 18.6!, and that between the femoral axis and the POL insertion was 5.1!. The anterior portions of the distal
fibers of the POL were attached to the fascia cruris and semimembranosus tendon, whereas the posterior fibers were
attached to the posteromedial side of the tibia directly. The tibial insertion of the POL was located just proximal and medial
to the superior edge of the semimembranosus groove. The tibial insertion of the sMCL was attached firmly and widely to
the tibial crest. The mean linear distances between the tibial insertion of the POL or sMCL and joint line were 5.8 and
49.6 mm, respectively. Conclusions: This study used 3-dimensional images to assess the insertions of the sMCL and POL
and their related osseous landmarks. The AT was identified clearly as an osseous landmark of the femoral insertions of the
sMCL and POL. The tibial crest and semimembranosus groove served as osseous landmarks of the tibial insertions of the
sMCL and POL. Clinical Relevance: By showing further details of the anatomy of the knee, the described findings can
assist surgeons in anatomic reconstruction of the sMCL and POL.

The superficial medial collateral ligament (sMCL) and
posterior oblique ligament (POL) are the 2 main

static stabilizers of themedial side of the knee.1,2 They act
as primary restraints to valgus stress and internal rotation,
respectively.3,4 Together, they are also secondary

restraints to valgus, rotatory, anterior, and posterior
stresses5-8 and have a complementary relation to achieve
posteromedial stability.4,5,9-11 Thus, injuries to the sMCL
and POL can result in clinically significant valgus or
rotational instability.3,12 Furthermore, dysfunction of the
sMCL and POL can increase the risk of damaging associ-
ated ligamentous structures, such as native and recon-
structed anterior cruciate ligaments.8,12,13 The medial
collateral ligament (MCL) is the ligamentous structure of
the knee that is injured most frequently. Most MCL in-
juries are isolated and can be treated nonsurgically with
excellent results. However, combined sMCL and POL
injuries can lead to chronic instability, which causes
functional limitations and osteoarthritis.14

Treatment of sMCL and POL injuries of the knee re-
mains controversial. Numerous surgical methods for the
repair or reconstruction of these ligaments have been
reported, with recent studies showing better clinical
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results with reconstruction than with repair.15-17 An
anatomic method for reconstruction of the medial knee
has been shown to achieve near-normal stability.18,19

However, a recent systematic review showed that most
medial reconstructionmethods are nonanatomic: On the
basis of a review of 4,600 references, only 2 methods
were classified as “anatomic reconstructions.”20

Insertions of the sMCL and POL have been described in
several anatomic studies, but only a few have focused on
the positional relation between them and the related
osseous landmarks (especially with regard to the tibial
insertionof thePOL).3,19,21,22Aprerequisite for theprecise
repair or anatomic reconstruction of the sMCL and POL is
definition of the optimal positions of those insertions and
assessment of their related osseous landmarks. The aim of
this study was to describe the insertions of the sMCL and
POL and their related osseous landmarks. We hypothe-
sized that these insertions and their related osseous land-
marks would be consistent among individuals.

Methods

Specimen Preparation
The 22 unpaired human cadaveric knees (18 male and

4 female specimens; age range, 61-92 years; mean age,
78 years) used in this study had no severe macroscopic
degenerative or traumatic changes. All cadavers had
been fixed in 10% formalin and preserved in 50%
alcohol for 6months. This cadaveric study was approved
by our institutional review board (H27-99). Preparation
began by removing the skin and soft subcutaneous tissue
on the medial side of the knee, followed by removal of
the sartorius, gracilis, and semitendinosus muscles.
Then, themedial retinaculum andmedial patellofemoral
ligament were peeled away from the sMCL and POL,
which allowed the latter 2 ligaments to be identified and
observed grossly. The sMCL was dissected from the tibial
side. Tibial insertions of the sMCL had 2 distinct attach-
ments located at the proximal and distal portions of the
bone. However, because the proximal tibial insertion of
the sMCLwas merged with the deepMCL, the outline of
the insertion could not be defined. The distal tibial
insertion of the sMCL was broad based and attached
strongly and directly to the bone. We then cut the sMCL
between the proximal and distal tibial insertions and
lifted it off, leaving the underlying deep MCL intact. The
sMCL was attached loosely to the anterior portion of the
POL and thus separated readily. Dissection of the POL
from the femoral side showed that it was located super-
ficial to the medial joint capsule in an extra-articular
layer. This position allowed its release from the artic-
ular capsule. The POL was cut at its midsubstance and
dissected, but the underlying capsule was left intact. The
anterior portion of the POL was also dissected from the
semimembranosus tendon (SM) and fascia cruris.
Turning over the dissected SM revealed the tibial

insertion of the POL. Insertions of the sMCL and POL
were defined as the areas of the ligament fiber arising
from the femur and tibia, respectively. Native insertions
of both ligaments were outlined using a drill (diameter,
1.2mm),with care taken to avoid destruction of the bone
and surrounding structures.

Three-Dimensional Measurements and Visualization
Knees were imaged using a 16-row multislice

computed tomography (CT) scanner (ECLOS; Hitachi
Medical, Tokyo, Japan). Axial-plane images with 0.5-
mm slices were obtained and saved as Digital Imaging
and Communications in Medicine (DICOM) data. All
digital imaging datawere uploaded to dedicated software
(Mimics, version 15.0, and MedCAD module; Materi-
alise, Leuven, Belgium), and 3-dimensional (3D) images
of the knee were created and referenced off the bone
automatically. Then, images were used to analyze the
insertion sites of the sMCL and POL as well as the related
osseous structures. Insertion sites were marked and
colored automatically using dedicated software. They
were referenced off the bone, which was outlined by a
drill during dissection. The surface area of the insertions
was calculated from the 3D images using the afore-
mentioned software, which automatically defines the
center of the insertion site as the centroid of the area.
Apices of the related osseous structureswere determined
as the furthest-protruding points, based on coronal CT
images of the femur and tibia. Linear distances and an-
gles between the center of the insertions of the sMCL and
POL and the apex of the related osseous landmarks were
measured on the 3D images. The accuracy of the length
and area measurements was less than 0.1 mm and less
than 0.1 mm2, respectively. Comparison of the accuracy
of the 3D models generated from the CT data with the
optical scan showed that the mean error was
0.2 " 0.31 mm, or approximately one-third of the pixel
size.23 The tolerance and margin of error of the CT
measurements (according to the manufacturer) were
"0.39 mm. The distribution of each variable was
checked for normality using the Kolmogorov-Smirnov
test. Statistical data were calculated using SPSS soft-
ware (version 20.0; IBM, Armonk, NY).
We used a coordinate plane to standardize and ensure

the reproducibility of the size variation of each cadaver,
which had a normal distribution. A true lateral view of
the femur and tibia was created based on the methods
of Fujino et al.24 and Tajima et al.25 With the dedicated
software in transparent mode (“toggle transparency”),
the 3D images of the femur were set so that the pos-
terior portions of the medial and lateral femur condyle
overlapped. The 3D images of the tibia were set so that
the medial and lateral aspects of the tibial plateau
overlapped, after which the images were adjusted to
the medial and lateral posterior tibial condyle. These
images were projected onto a 2-dimensional view, and
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a true lateral view was created. The coordinates of the
center of the sMCL and POL insertions were mapped on
squares in the true lateral view. Then, the positional
relation of the insertions of the sMCL and POL and the
related osseous landmarks were analyzed.

Results

Macroscopic Findings
The femoral insertion of the sMCL was located in a

depression distal and anterior to the adductor tubercle

(AT). The apex of the AT could be palpated readily. The
medial epicondyle (ME) was palpated, but its apex was
not identified clearly because it was flat or shaped like a
shallow groove. The gastrocnemius tubercle (GT) was
palpated as the insertion of the gastrocnemius tendon;
however, its apex was also not identified clearly
because of its variable and shallow shape. The femoral
insertion of the POL was located posterior to the sMCL
and distal to the apex of the AT. The POL runs in a “fan-
like” fashion as it courses distally, with the anterior part
of the distal POL fibers merging with the fascia cruris

Fig 1. (A) Macroscopic findings
with a medial view of the left
knee showing the superficial
medial collateral ligament
(sMCL) (blue string), posterior
oblique ligament (POL) (red
string), adductor tubercle (AT),
and semimembranosus tendon
(SM). (B) Three-dimensional
image of the medial view of the
left knee showing the recon-
structed insertion area of the
sMCL and POL and the related
osseous landmarks. The blue
areas show the sMCL insertion,
the red areas show the POL
insertion, and the white arrow-
heads indicate the tibial crest.

Fig 2. (A) Macroscopic findings with a posterior view of the left knee showing the posterior oblique ligament (POL) insertion and
related osseous landmarks. The black arrowheads indicate the POL insertion, where it attaches to the semimembranosus tendon (SM)
and tibia directly, and the white arrowheads indicate the semimembranosus groove, the bony canal to which the direct arm of the SM
attaches. (B)Three-dimensional imageof aposteriorviewof the left knee showing the reconstructed insertionareaof thedirect insertion
of the POL (red area), as well as the semimembranosus groove (white arrowheads). (sMCL, superficial medial collateral ligament.)
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and SM. The posterior fibers were attached to the
posteromedial side of the tibia directly (Figs 1 and 2).
The direct tibial insertion of the POL was just above the
semimembranosus groove (the bony canal to which the
direct arm of the SM attaches). The semimembranosus
groove was identified as the direct insertion of the SM
even though it was difficult to palpate. The tibial
insertion of the sMCL was firmly and widely attached to
the tibial crest.

Three-Dimensional Analysis of sMCL and POL
Insertions and Related Osseous Landmarks
The 3D images were used to analyze the insertions of

the sMCL and POL (Figs 1 and 2). The mean surface
area of the femoral and tibial insertions of the sMCL

was 71.4 " 18.4 and 266.8 " 67.3 mm2, respectively.
The mean surface area of the femoral and tibial in-
sertions of the POL was 71.5 " 16.4 and
38.8 " 14.8 mm2, respectively (Table 1). Coordinates
for the centers of the sMCL and POL insertions and the
apex of the AT were obtained (Fig 3), and their loca-
tions and coordinates on a true lateral view on the 3D
images were summarized (Table 2). The AT was clearly
identified as an osseous landmark on the 3D images of
all knees; however, the ME was not readily distin-
guished on the images because it was flat or appeared as
a shallow groove. The femoral insertion of the POL was
distal to the apex of the AT (and thus almost parallel
with the long axis of the femur), and that of the sMCL
was anterior to the POL. The sMCL was 8.0 " 3.4 mm
anterior and 21.3 " 3.7 mm distal to the AT, whereas
the POL was 3.0 " 4.2 mm anterior and 18.1 " 3.3 mm
distal to the AT (Table 3). The mean linear distance
between the apex of the AT and the center of the
femoral insertion of the sMCL was 21.1 " 3.0 mm, and
that between the apex of the AT and center of the POL
was 18.3 " 3.2 mm. The mean linear distance between
the center of the sMCL and POL femoral insertions was
9.2 " 2.2 mm (Table 3). The angle between the line
parallel to the femoral axis passing through the apex of
the AT and the center of the femoral insertion of the

Table 1. Surface Areas of Insertions of sMCL and POL
Calculated Automatically on 3-Dimensional Images

Mean Surface Area of sMCL
Insertion, mm2

Mean Surface Area of POL
Insertion, mm2

Femur 71.4 " 18.4 (47.3-104.3) 71.5 " 16.4 (34.9-104.5)
Tibia 266.8 " 67.3 (187.4-410.5) 38.8 " 14.8 (15.4-81.1)

NOTE. Data are presented as mean " standard deviation (range).
POL, posterior oblique ligament; sMCL, superficial medial collateral

ligament.

Fig 3. (A) Medial view of the femur of the left knee and an overlaying grid. A line was drawn on the true lateral view between
the anterior femoral cortex and the most posterior portion of the medial condyle to serve as the standard (100%). The x-axis is
the bottom of the squares, the y-axis is the distal perpendicular line on the squares, and the origin of the coordinate axes is the
point of intersection of the lowest line and the distal perpendicular lines. The top of the y-axis was set the same as the standard
length of the x-axis. The proximal-distal ratio is the same length as the standard x-axis (100%) because the map forms a square.
Coordinates for the centers of the superficial medial collateral ligament (sMCL) insertion (blue circles) and posterior oblique
ligament (POL) insertion (red circles), as well as the apex of the adductor tubercle (AT) (black circles), are shown. (B) Medial
view of the tibia of the left knee and an overlaying grid. The most anterior point of the line indicates 0%, and the most posterior
point, 100%. The x-axis is the bottom of the square, the y-axis is the distal perpendicular line on the squares, and the origin of
the coordinate axes is the point of intersection of the highest line and the proximal perpendicular lines. The top of the y-axis was
set the same as the standard length of the x-axis. The proximal-distal ratio is the same length as the standardized x-axis (100%)
because this map is a square. Coordinates for the centers of the sMCL insertion (blue circles) and POL insertion (red circles) are
shown.
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sMCL was 18.6! " 11.2!. The angle between the line
parallel to the femoral axis passing through the apex of
the AT and the center of the POL insertion was
5.1! " 14.7! (Table 3). The tibial insertion of the sMCL
was located on the tibial crest and was positioned
widely in all knees; it was 49.6 " 5.3 mm from the joint
line and 34.0 " 5.6 mm from the anterior cortex
(Table 3). The direct tibial insertion of the POL was
located just proximal and medial to the superior edge of
the semimembranosus groove, which was identified

clearly on the 3D images of 19 of 22 knees. The semi-
membranosus groove of the other 3 knees was not
easily resolved because the edge of the groove could not
be distinguished. The mean linear distance between the
direct tibial insertion of the POL and the joint line was
5.8 " 1.6 mm (Table 3). These results are summarized
in Figure 4.

Table 2. Locations and Coordinates of Femur and Tibia on
True Lateral View on 3-Dimensional Images

A-P Ratio
(x-axis), %

P-D Ratio
(y-axis), %

Center of
sMCL femoral
insertion

46.9 " 5.5 (35.5-61.8) 47.5 " 7.3 (33.8-60.3)

Center of
POL femoral
insertion

61.6 " 6.6 (45.8-75.8) 51.2 " 6.5 (31.6-61.1)

Apex of AT 57.6 " 4.1 (48.0-66.9) 80.7 " 4.1 (73.2-89.3)
Center of

sMCL tibial
insertion

43.1 " 6.7 (31.2-56.3) 92.9 " 10.8 (71.4-110.8)

Center of
POL femoral
insertion

95.5 " 3.4 (90.0-100) 7.0 " 3.8 (2.7-14.7)

NOTE. Data are presented as mean " standard deviation (range).
A-P, anterior-posterior; AT, adductor tubercle; P-D, proximal-distal;

POL, posterior oblique ligament; sMCL, superficial medial collateral
ligament.

Table 3. Three-Dimensional Measurements of sMCL, POL,
and AT

Positional Relations Data
Distance between sMCL femoral

insertion and AT, mm
21.1 " 3.0 (16.4-26.9)

Anterior, mm 8.0 " 3.4 (3.5-15.5)
Posterior, mm 21.3 " 3.7 (17.2-26.9)

Distance between POL femoral
insertion and AT, mm

18.3 " 3.2 (13.3-25.0)

Anterior, mm 3.0 " 4.2 (#7.1 to 8.7)
Posterior, mm 18.1 " 3.3 (14.3-24.6)

Distance between sMCL and POL
femoral insertion, mm

9.2 " 2.2 (5.1-12.6)

Angle between line Z and sMCL
insertion, !

18.6 " 11.2 (0-36)

Angle between line Z and POL
insertion, !

5.1 " 14.7 (#27 to 20)

Distance between sMCL tibial
insertion and joint line, mm

49.6 " 5.3 (39.8-59.7)

Distance between sMCL tibial
insertion and anterior cortex, mm

34.0 " 5.6 (27.5-43.1)

Distance between POL tibial
insertion and joint line, mm

5.8 " 1.6 (3.6-9.7)

NOTE. Data are presented as mean " standard deviation (range).
AT, adductor tubercle; POL, posterior oblique ligament; sMCL, su-

perficial medial collateral ligament.

Fig 4. Summary of study results. A is the distance between
the superficial medial collateral ligament (sMCL) insertion
and adductor tubercle (AT); B, the distance between the
posterior oblique ligament (POL) and AT; and C, the distance
between the sMCL and POL. The dotted line shows the dis-
tance between the sMCL and POL insertions and the AT in the
direction of the x- and y-axes. Line Z is the line parallel to the
femoral axis passing through the apex of the AT; a, the angle
between line Z and the sMCL insertion (in degrees); and b, the
angle between line Z and the POL insertion (in degrees). D is
the distance between the tibial insertion of the sMCL and the
AT; E, the distance between the tibial insertion of the POL and
AT; and F, the distance between the tibial insertion of the
sMCL and the anterior cortex.

MORPHOLOGY OF LIGAMENT INSERTIONS 5



Discussion

We used 3D images to identify both the insertions of
the sMCL and POL and their related osseous landmarks.
This information will assist surgeons in undertaking a
more anatomic approach to surgery of the sMCL and
POL. Our results showed that the AT, tibial crest, and
semimembranosus groove serve as osseous landmarks
of the insertions of the sMCL and POL.
Confirmation of the AT as an osseous landmark of the

sMCL and POL at the femur was based on macroscopic
findings and 3D images. LaPrade et al.21 reported that
the ME, GT, and AT are important osseous landmarks
of the femoral insertions of the sMCL and POL. How-
ever, in our study, although we were able to palpate the
ME and GT, their apices were not definitively identified
either during dissection or on the 3D images because
their shapes varied widely; in contrast, the apex of the
AT was palpated readily during dissection and identified
clearly on the 3D images from all knees. In their series
Fujino et al.24 also reported difficulty in clearly identi-
fying the ME because it is flat or shallow. Thus, during a
surgical procedure, the AT may be the most reliable
osseous landmark at the femur.
Our study also showed the detailed positional relation

between the AT and the femoral insertions of the sMCL
and POL. According to a recent systematic review, most
methods of medial knee reconstruction select one
femoral position (except for anatomic double-bundle
reconstruction). However, because the POL is anatom-
ically and functionally distinct from the
sMCL,3,4,10,19,26-28 reconstruction grafts should be
placed at distinct femoral insertions. Although anatomic
double-bundle reconstructions with a 2-tunnel method
have been reported,29 only a few reports have described
the intraoperative determination of the tunnel positions.
LaPrade et al.21 investigated the distance between the
femoral insertions of the sMCL and POL and their
related osseous landmarks, but our findings cannot be
compared with theirs because their measurements were
made on the structures themselves whereas we used 3D
CT images. However, the differences might have arisen
from identification of the apex of the AT and the centers
of the insertions. An advantage of measurements made
using dedicated software from 3D CT is that off-bone
referencing is performed automatically. In addition, (1)
the center of the insertions is identified automatically,
(2) the surface calculation can be performed readily and
automatically, and (3) the presence of each previously
described bony landmark can be evaluated in detail
from multiple orientations.30 Thus, in our opinion, 3D
CT measurement allows more accurate identification of
the insertions in anatomic reconstructions of the sMCL
and POL. The tunnel position of the femoral insertions
of the sMCL and POL should be placed distinctly by
considering the distance and the angle from the AT.

We also determined the coordinate positions of the
centers of the femoral insertions of the sMCL and POL
based on a true lateral view and 3D images. Wijdicks
et al.31 provided quantitative measurements of the
medial knee structures and related osseous landmarks
on anteroposterior and lateral radiographs. Hartshorn
et al.32 reported the radiographic landmarks for locating
the femoral insertion of the sMCL. However, because
their results were based on actual measurements, in-
dividual differences in the size of the bone cannot be
ignored. Although there were size variations in each of
the specimens used in our study, the coordinate posi-
tions had a normal distribution. Moreover, our map-
ping method showed the percentage of the actual
length, so it minimized the influence of individual dif-
ferences, whereas this is not the case when digital cal-
ipers are used. Furthermore, 3D CT data are directly
and accurately translatable to intraoperative CT as a
functional specification of this imaging modality. In
assessing optimal tunnel positions, both the quantita-
tive data provided in the aforementioned reports and
the data obtained by our mapping method should be
considered to reduce the influence of individual dif-
ferences. Measurements made using the true lateral
view on a 3D image will be more reproducible fluoro-
scopically, which will provide useful information for
preoperative planning and fluoroscopic determination
of the intraoperative tunnel position.
This study presented detailed insights into the surface

area of the sMCL and POL insertions. Using 3D images,
we determined that the mean area of the sMCL tibial
insertion was much larger than that of the femoral
insertion. This finding is similar to the observations of
Liu et al.22; in their report the area of the femoral
insertion was 80 " 17.6 mm2, and that of the tibial
insertion was 349 " 42.8 mm2. By contrast, few studies
have measured the surface areas of the POL insertions.
Our measurements showed that the mean surface area
of the POL tibial direct insertion was smaller than that
of the femoral insertion because the distal POL fibers
were attached not only to the tibia but also to the fascia
cruris and SM. Therefore, grafts should be inserted in
the bone tunnels but also attached to the SM for the
POL and to the tibial crest broadly for the sMCL. Coobs
et al.29 and Lind et al.33 recommended that in anatomic
double-bundle reconstructions, the tunnel diameters
should typically be 6 to 7 mm. On the basis of our
cadaveric specimens, the surface area of the femoral
insertions of the sMCL and POL, when converted into a
circle, was 9 to 10 mm in diameter. Thus, covering all
femoral native insertions requires a larger graft.
In this study the tibial insertion of the sMCL was

located broadly over the tibial crest. Its center was
50 mm distal from the joint line and 34.0 mm away
from the anterior cortex. Similar findings were reported
by LaPrade et al.,21 who showed that the tibial insertion
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of the sMCL was broad based and just anterior to the
posteromedial crest of the tibia. Liu et al.22 reported
that the mean distance between the center of the sMCL
tibial insertion and the tibial joint line was 62 mm,
which was slightly longer than the distance determined
in our study. The differences might be due to individual
differences in patient physique and the different mea-
surement methods used.
It is also important to note that the tibial insertion of the

POL was located on the posteromedial aspect of the tibia,
whichwas justproximalandmedial to the superior edgeof
the semimembranosus groove. LaPrade et al.21 reported
that thePOLhas3arms(superficial, central, andcapsular),
with the central arm being its main component because it
reinforces the posterior joint capsule distally and attaches
directly to the tibia. Although the central arm of the POL
should be considered for reconstruction,34 the positional
relationsof thedirect tibial insertionof thePOLandrelated
osseous landmarks have not been examined in detail, and
the position of the tibial insertion of the POL in recon-
structive tunnels has been accordingly variable.33,35,36We
could not distinguish the 3 arms of the POL, but our study
showed the positional relation of the direct tibial insertion
of the POLand the semimembranosus groove. The latter is
a useful osseous landmark of the direct tibial insertion of
the POL when carrying out anatomic reconstructions of
the sMCL and POL.

Limitations
Our study had several limitations. First, a small

number of specimens was investigated. Second, the
cadaveric specimens were obtained from older in-
dividuals such that the influence of degenerative
changes cannot be ruled out. Third, the sex, physique,
and ethnicity of the cadavers might have influenced our
results. Fourth, we did not compare CT and cadaveric
measurements. Finally, despite the accuracy of the 3D
measurements, the dissections were carried out by
humans, such that subjective decisions may have
introduced error and bias into subsequent steps.

Conclusions
This study used 3D images to show the insertions of

the sMCL and POL as well as their related osseous
landmarks. The AT was identified as an osseous land-
mark of the femoral insertions of the sMCL and POL
and the tibial crest and semimembranosus groove as
osseous landmarks of their tibial insertions.
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