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Background: Quantitative descriptions of the attachment sites of the main posterolateral knee structures have not been
performed.
Purpose: To qualitatively and quantitatively determine the anatomic attachment sites of these structures and their relationships
to pertinent bony landmarks.
Study Type: Cadaveric study.
Methods: Dissections were performed and measurements taken on 10 nonpaired fresh-frozen cadaveric knees.
Results: The fibular collateral ligament had an average femoral attachment slightly proximal (1.4 mm) and posterior (3.1 mm)
to the lateral epicondyle. Distally, it attached 8.2 mm posterior to the anterior aspect of the fibular head. The popliteus tendon
had a constant broad-based femoral attachment at the most proximal and anterior fifth of the popliteal sulcus. The popliteus
tendon attachment on the femur was always anterior to the fibular collateral ligament. The average distance between the femoral
attachments of the popliteus tendon and fibular collateral ligament was 18.5 mm. The popliteofibular ligament had two
divisions—anterior and posterior—in all cases. The average attachment of the posterior division was 1.6 mm distal to the
posteromedial aspect of the tip of the fibular styloid process and the anterior division attached 2.8 mm distal to the anteromedial
aspect of the tip of the fibular styloid process.
Conclusions: These structures had a consistent attachment pattern. This information will prove useful in the study of anatomic
repair and reconstruction of the posterolateral structures of the knee.
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Over the past decade, there has been an increasing number Despite these advances, posterolateral rotatory instability
of publications better defining not only the anatomy of the of the knee is still difficult to diagnose and treat clinically.
posterolateral corner of the knee, but also the diagnosis Although the posterolateral corner of the knee contains

11-13,16,22-24,26-28,31 many structures, several studies have reported that the

fibular collateral ligament, the popliteus tendon, and the
popliteofibular ligament are the main contributors to
static stabilization of the posterolateral corner of the

and treatment of injuries to this area.
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To our knowledge, there have been no studies on the
qualitative and quantitative anatomic relationships of the
posterolateral knee structures. To achieve an anatomic
repair of an avulsed structure, one must know the attach-
ment site (or sites) of the avulsed ligament or tendon. At
the time of surgery, it can be difficult to identify the
attachment sites of the fibular collateral ligament, popli-
teus tendon, and popliteofibular ligament. This is espe-
cially true in cases of chronic injury of the posterolateral
structures. Retraction and scarring can make it difficult to
identify the structures’ normal attachment sites. Al-
though we have found that the lateral gastrocnemius ten-
don is rarely avulsed in posterolateral knee injuries,'* '3
it has been included in surgical reconstructions such as
advancement procedures.® Also, because the lateral gas-
trocnemius tendon is rarely injured,'® it can serve as a
reference structure for identifying other posterolateral
knee structure attachment sites.

We believe that identification of these attachment sites
is as important for repair or reconstruction of the postero-
lateral knee structures as identification of the attachment
sites of the cruciate ligaments proved to be for ACL and
PCL repairs and reconstructions.’»®%*913 With this in
mind, we determined to identify and measure, using ref-
erences to relevant bony landmarks, the anatomic loca-
tions of the attachment sites of the fibular collateral liga-
ment, popliteus tendon, popliteofibular ligament, and
lateral gastrocnemius tendon.

MATERIALS AND METHODS

Gross Anatomy Dissections

Dissections were performed on 10 nonpaired fresh-frozen
cadaveric knees with no signs of previous surgery, knee
abnormalities, or disease. The specimens’ ages ranged
from 57 to 80 years (mean, 63). All of the knees had at
least 20 cm of bone and soft tissue proximal and distal to
the joint line. Each knee was frozen at —20° and allowed to
thaw overnight before dissection. Dissection began with
removal of the skin and subcutaneous tissues to expose
the muscles and overlying fascia. Next, all muscles and
soft tissues proximal to the adductor tubercle and the
supracondylar process (where the lateral intermuscular
septum terminates) of the femur were removed to bone. In
addition, distal to the level of the tibial tubercle, all mus-
cles and soft tissues were dissected off the tibia and the
fibula. This allowed for mounting of the femur and tibia/
fibula into pots filled with polymethyl methacrylate and
for placement into a knee testing machine for analysis.'®
Before specimens were potted in polymethyl methacry-
late, metal screws were placed into the ends of the femur
and tibia/fibula to allow for secure fixation and to prevent
rotation during analysis. The specimens were kept moist
with saline-soaked gauze during the potting procedure.
Once potting was completed, the popliteal fossa and the
lateral aspect of the knee were carefully dissected to iden-
tify the lateral gastrocnemius tendon, popliteus muscle
and tendon, popliteofibular ligament, fibular collateral
ligament, insertion of the iliotibial band onto Gerdy’s tu-
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bercle, and the termination of the lateral intermuscular
septum (Fig. 1). After initial measurements were per-
formed, the attachment sites of these structures were
identified.

Anatomic Measurements

To quantitatively measure the insertion sites of the meas-
ured structures and bony landmarks, we used a computer-
controlled video motion analysis capture system (Qualy-
sis, Inc., Glastonbury, Connecticut). This digitizing
system allowed us to record the periphery of each meas-
ured structure by placing the knee in a previously cali-
brated videogrammetric block. A fine-point marker with
predetermined x, y, and z infrared-emitting sphere coor-
dinates at its top was used to measure the location of the
structure or structures of interest. The accuracy and res-
olution of this measurement technique was then calcu-
lated by repeated measurement of points within a three-
dimensional grid with a known accuracy of 0.001 mm. The
output of the video motion analysis measurement system
and the known position on the grid were compared. The
accuracy of this measurement system under these testing
conditions was 0.1 mm.

Using the fine-point marker, we first measured the
proximal attachment of the fibular collateral ligament on
the lateral femoral condyle and its distal attachment on
the lateral fibular head. At each respective attachment
site, we traced an outline of the attachment site while the
motion analysis video system captured its quantitative
location immediately after the attachment site was dis-
sected off the bone. A similar approach was also used for
measurement of the popliteus tendon attachment in the
popliteal sulcus and the lateral gastrocnemius tendon at-
tachment at the supracondylar process of the femur. The
total cross-sectional area of the attachment sites for these
structures was then calculated. In addition to these meas-
urements, a goniometer was used to measure the angle
between the long axis of the femoral shaft and the popli-
teus tendon to determine when this structure completely
entered the popliteal sulcus.

The two divisions of the popliteofibular ligament were
then measured individually. First, before removal of the
popliteus tendon from its femoral attachment, the angle
between the popliteus tendon and the popliteofibular lig-
ament and the angle the popliteofibular ligament made to
the horizontal plane were measured. The lateral attach-
ments of the anterior and posterior divisions of the popli-
teofibular ligament on the fibula were located by marking
the proximal and distal borders, followed by outlining
each distal attachment site. The medial attachments of
the anterior and posterior divisions of the popliteofibular
ligament to the popliteus complex were quantified by mea-
suring the proximal and distal attachment sites of each
division at the musculotendinous junction. Because the
attachment sites of both divisions were a thin line rather
than a broad attachment (as with the fibular collateral
ligament, lateral gastrocnemius tendon, and popliteus
tendon), the cross-sectional area for the attachments of
these structures was not calculated.
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Figure 1. Photograph (A) and illustration (B) demonstrating the isolated fibular collateral ligament, popliteus tendon, popliteo-
fibular ligament, and lateral gastrocnemius tendon (lateral view, right knee).

After quantitative measurement of the attachment sites
of each posterolateral knee structure was completed, the
distances from the attachment sites of each structure to
specific bony landmarks were measured. These reference
points were the supracondylar process, the lateral epicon-
dyle, the lateral aspect of the tibial tubercle, Gerdy’s tu-
bercle, the fibular head (proximal, anterior, and posterior
border), and the fibular styloid process (proximal, medial,
and lateral border).

RESULTS

All reference measurements refer to the midportion of the
attachment sites of each structure. Measurements to the
lateral epicondyle, supracondylar process, and Gerdy’s tu-
bercle were to their centers, whereas measurements to the
tibial tubercle were to its lateral edge.

Fibular Collateral Ligament

We found that the average fibular collateral ligament
attachment on the femur was slightly proximal (1.4 mm;
range, 0.8 to 2.7) and posterior (3.1 mm; range, 2.3 to 4.4)
to the lateral epicondyle (Figs. 1 and 2). The main femoral
attachment resided in a small bony depression just poste-
rior to the lateral epicondyle. In addition, some fibers
extended proximally and anteriorly over the lateral epi-
condyle in a fan-like fashion. The average cross-sectional

area of the fibular collateral ligament attachment site on
the femur was 0.48 cm? (range, 0.43 to 0.52). The average
distance between the attachments of the fibular collateral
ligament and the popliteus tendon on the femur was 18.5
mm (range, 16.8 to 22.9) (Fig. 2).

As the fibular collateral ligament coursed distally and
attached on the lateral aspect of the fibular head, its
average attachment was 8.2 mm (range, 6.8 to 9.7) poste-
rior to the anterior margin of the fibular head and 28.4
mm (range, 25.1 to 30.6) distal to the tip of the fibular
styloid process (Table 1). The average cross-sectional area
of the attachment on the fibular head was 0.43 cm? (range,
0.39 to 0.50). The fibular collateral ligament attachment
was, on average, 38% (range, 28% to 46%) of the total
width of the fibular head (anterior to posterior) from the
anterior edge of the fibular head. The majority of the
distal attachment was found in a bony depression that
extended to approximately the distal one-third of the lat-
eral aspect of the fibular head (Figs. 1 and 2). The remain-
ing fibers extended further distally along with the pero-
neus longus fascia.?®2¢ The average total length of the
fibular collateral ligament between its attachment sites
was 69.6 mm (range, 62.6 to 73.5).

Popliteus Tendon

As the popliteus muscle coursed proximally and laterally
over the posterolateral knee from its attachment on the
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Figure 2. The attachment sites of the fibular collateral liga-
ment (FCL) on the femur and fibula and the popliteus tendon
(PLT) in the popliteus sulcus of the femur (lateral view, right
knee). In addition, the average distance between the femoral
attachment sites is noted. LGT, lateral gastrocnemius
tendon.

posteromedial tibia, it gave rise to the popliteus tendon at
the lateral one-third of the popliteal fossa. The popliteo-
fibular ligament attached to the popliteus complex at the
musculotendinous junction. The popliteus tendon then be-
came intraarticular as it coursed anterolaterally around
the posterior aspect of the lateral femoral condyle and ran
medial to the fibular collateral ligament before attaching
on the popliteal sulcus (Fig. 1). The average total cross-
sectional area of the popliteal sulcus was 3.4 cm? (range,
2.9 to 3.8). The average cross-sectional area of the attach-
ment site of the popliteus tendon was 0.59 cm? (range,
0.53 to 0.62). The popliteus tendon attachment was at the
most anterior fifth of the popliteal sulcus, and its attach-
ment was on the proximal half of the sulcus at this posi-
tion. The popliteus tendon attachment on the femur was
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TABLE 1
Quantitative Relationships of the Fibular Collateral Ligament
to Other Posterolateral Knee Structures and Bony Landmarks®

Mean distance

(mm) Range (mm)

Relationship

Proximal FCL to PLT 18.5

Proximal FCL 1.4
proximal to lateral
epicondyle

Proximal FCL 3.1
posterior to lateral
epicondyle

Proximal FCL to 54.3
supracondylar
process

Length of FCL 69.6

Distal FCL to 8.2
anterior edge of
fibular head

Width of fibular head 36.3
(anterior to
posterior) at FCL
attachment site

Distal FCL to fibular 28.4
styloid tip

Distal FCL to 43.6
Gerdy’s tubercle

Distal FCL to tibial 75.1
tubercle

16.8-22.9
0.8- 2.7

2.3- 44

50.4-61.3

62.6-73.5
6.8— 9.7

31.2-40.7

25.1-30.6

39.3-48.2

70.4-81.2

“ FCL, fibular collateral ligament; PLT, popliteus tendon; LGT,
lateral gastrocnemius tendon.

112” flexion

Figure 3. The position of the popliteus tendon (PLT) to the
popliteus sulcus with the knee in full extension and at an
average of 112° of knee flexion (ghosted view) (lateral view,
right knee). PFL, popliteofibular ligament.

always anterior to the fibular collateral ligament femoral
attachment.

With the knee near extension, the popliteus tendon was
anteriorly subluxated from the popliteal sulcus over the
lateral aspect of the lateral femoral condyle. It did not
completely enter the confines of the popliteal sulcus until
the knee was flexed to an average of 112° (range, 105° to
130°) (Fig. 3). The average total length of the popliteus
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tendon from its femoral attachment to its musculotendi-
nous junction was 54.5 mm (range, 50.5 to 61.2).

Popliteofibular Ligament

The popliteofibular ligament originated at the musculo-
tendinous junction of the popliteus and formed an average
83° (range, 78° to 88°) angle with its medial attachment
site. Its average angle to the horizontal plane was 37°
(range, 22° to 40°). The popliteofibular ligament consis-
tently had two divisions (anterior and posterior) (Fig. 4).
The average distances from the attachments and the re-
lationships of the anterior and posterior divisions of the
popliteofibular ligament to other specific bony landmarks
are listed in Table 2.

Proximomedially, the anterior division of the popliteo-
fibular ligament attached to the popliteus complex at the
proximolateral musculotendinous junction. The distolat-
eral attachment of the anterior division was located on the
anterior downslope of the medial aspect of the fibular
styloid process. In addition, it had fibers extending to the
lateral tibia in close proximity to the proximal anterior
tibiofibular ligament. The average fibular attachment of

Figure 4. Attachment sites of the anterior (AD) and posterior
(PD) (over surgical pickups) divisions of the popliteofibular
ligament (PFL) at the popliteus musculotendinous junction
(medially) and the medial aspect of the fibular head and
fibular styloid process (laterally) (posterior view, right knee).
FCL, fibular collateral ligament; PLT, popliteus tendon.

American Journal of Sports Medicine

the anterior division of the popliteofibular ligament was
2.8 mm (range, 1.2 to 3.8) distal to the tip of the fibular
styloid process on its anteromedial downslope. The aver-
age width of the anterior division’s attachment on the
anteromedial fibular styloid process was 2.6 mm (range,
1.8 to 3.4).

The proximomedial attachment of the posterior division
was also located at the lateral aspect of the popliteus
musculotendinous junction. The distolateral attachment
of the posterior division was at the tip and posteromedial
aspect of the fibular styloid process. The average attach-
ment of the posterior division was 1.6 mm (range, 0.6 to
2.8) distal to the tip of the fibular styloid process on its
posteromedial downslope. The average width of the poste-
rior division at its fibular styloid attachment was 5.8 mm
(range, 3.6 to 7.7). In all knees, the posterior division of
the popliteofibular ligament was larger than the anterior
division.

Lateral Gastrocnemius Tendon

The lateral gastrocnemius tendon was at the far lateral
aspect of the lateral gastrocnemius muscle belly. At the
level of the fabella or cartilaginous fabella-analog,'® 2¢ it
became adherent and inseparable from the meniscofemo-
ral portion of the lateral capsule proximal to the fabella.
The lateral gastrocnemius tendon consistently originated
near or at the supracondylar process of the distal femur
(Fig. 1). In 8 of the 10 knees, the attachment was on the
supracondylar process. In the other two knees, the lateral
gastrocnemius tendon attached slightly distal and poste-
rior to the supracondylar process. In all 10 knees, a fabel-
lofibular ligament, defined as the distal edge of the cap-

TABLE 2
Quantitative Relationships of the Bony Attachments of the
Popliteus Tendon and Popliteofibular Ligament to Other
Posterolateral Knee Structures and Bony Landmarks®

Mean distance

Relationship Range (mm)

(mm)

PLT origin to popliteus 54.5 50.5-61.2
musculotendinous junction

PLT origin to lateral 15.8 11.2-18.6
epicondyle

PFL posterior division 1.6 0.6— 2.8
attachment to tip of
fibular styloid

Width of posterior division 5.8 3.6— 7.7
PFL along fibular styloid

PFL anterior division 2.8 1.2- 3.8
attachment to tip of
fibular styloid

Width of anterior division 2.6 1.8- 34
PFL along fibular styloid

Width of anterior division of 3.1 2.3— 3.7

PFL at popliteus
musculotendinous junction
Width of posterior division of 6.5 5.3— 8.2
PFL at popliteus
musculotendinous junction

“ PLT, popliteus tendon; PFL, popliteofibular ligament; FCL,
fibular collateral ligament.
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TABLE 3
Quantitative Relationships of the Lateral Gastrocnemius
Tendon Femoral Attachment to Other Posterolateral Knee
Structures®

Mean distance

Relationship Range (mm)

(mm)
LGT to FCL attachment 13.8 11.3-16.4
on femur
LGT to PLT attachment 28.4 23.1-36.3
on femur
LGT to lateral 17.2 15.8-20.3
epicondyle

¢ LGT, lateral gastrocnemius tendon; FCL, fibular collateral
ligament; PLT, popliteus tendon.

sular arm of the short head of the biceps femoris,**2¢

identified.

The average attachment of the lateral gastrocnemius
tendon was 13.8 mm (range, 11.3 to 16.4) posterior to the
fibular collateral ligament attachment on the femur (Ta-
ble 3). The average distance from the lateral gastrocne-
mius tendon attachment on the femur to the popliteus
tendon attachment was 28.4 mm (range, 23.1 to 36.3).

was

DISCUSSION

Part of the catalyst for this study was our clinical at-
tempts at both repair and reconstruction of posterolateral
knee structures in both acute and chronic conditions of
injury. As noted earlier, there can be some difficulty in
determining the normal attachment sites of the postero-
lateral knee structures covered in this study. Correspond-
ingly, there has been a lack of precise anatomic descrip-
tions that would allow for repairs and reconstructions to
be performed with reference to specific bony landmarks.
With the recent interest in posterolateral knee anatomy,
biomechanics, and injuries, many studies have qualita-
tively defined the structures that compose the posterolat-
eral knee and described their functional contribu-
tions.% 7> 11-13.16.22,23,26,29.30,32 Hgwever, to our knowledge,
quantification of the attachment sites of the fibular collat-
eral ligament, popliteus tendon, popliteofibular ligament,
and lateral gastrocnemius tendon and their relationship
to the bony anatomy has not been performed previously.
It took many years before it became evident that quan-
titative anatomic and biomechanical studies of the native
ACL were crucial as a basis for choosing appropriate graft
location and developing proper ACL reconstruction tech-
niques. It is believed that grafts that accurately reproduce
the normal anatomy of the ACL produce the best re-
sults.#*®% Harner et al.® acknowledged this concept
about the importance of understanding the qualitative
and quantitative anatomy of the ACL and used a similar
approach in their PCL anatomy study. Their study quan-
titated the attachment sites of the anterolateral and pos-
teromedial bundles of the PCL. They speculated that ac-
curate anatomic placement of the anterolateral bundle
would help restore its function. Other authors have ex-
panded on their study in attempts to reconstruct both
bundles of the PCL.?> ' Understanding the anatomy, ori-
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entation, and attachment sites of the cruciate ligaments
was important for the development of successful tech-
niques of ACL and PCL reconstructions. Likewise, the
results of our study will prove useful to the study of
anatomic repairs and the development of anatomic recon-
structions for posterolateral knee instability.

A main goal of this study was to achieve a better under-
standing of the spatial relationships and attachment sites
of the fibular collateral ligament, popliteus tendon, and
lateral gastrocnemius tendon on the lateral femoral con-
dyle. We found that, relative to the lateral epicondyle, the
lateral gastrocnemius tendon was posterosuperior, the
popliteus tendon was anteroinferior, and the fibular col-
lateral ligament was proximoposterior (Figs. 1 and 2).
Contrary to anatomy textbooks, which report that the
fibular collateral ligament attaches to the lateral epicon-
dyle,?! we found that the average fibular collateral liga-
ment attachment was proximal (1.4 mm) and posterior
(3.1 mm) to the lateral epicondyle. We found that the
majority of the fibular collateral ligament attachment re-
sided in a bony depression, or saddle, adjacent to the
lateral epicondyle. Although in some knees a few fibers
extended to the lateral epicondyle, we found that the fib-
ular collateral ligament did not have a significant attach-
ment to the lateral epicondyle itself.

Regarding the popliteus tendon attachment on the fem-
oral condyle, we agree with Stdubli et al.?*2® that it in-
serts proximally at the anterior end of the popliteal sulcus
on the lateral femoral condyle. We found that the popli-
teus tendon has a constant broad-based femoral attach-
ment on the most proximal half and anterior one-fifth of
the popliteal sulcus. Stdubli et al.?® also reported that the
popliteus tendon slides into the groove of the popliteal
sulcus when the knee is flexed. Our findings are in agree-
ment with theirs. We found that, at an average of 112° of
knee flexion, the popliteus tendon fell into the popliteal
sulcus and remained in the sulcus with further knee flex-
ion (Fig. 3); it anteriorly subluxated out of the sulcus when
the knee was extended past this position. The popliteus
tendon attachment on the femur was always anterior to
the fibular collateral ligament femoral attachment. The
average distance between the fibular collateral ligament
and the popliteus tendon femoral attachments was 18.5
mm. This distance is useful to know when considering
repair or reconstruction of these posterolateral knee
structures.

Of the four posterolateral knee structures analyzed in the
study, the popliteofibular ligament has perhaps been the
cause of the most confusion and disagreement.'-22-25.31
In terms of its attachment to the popliteus, some studies
have reported that the popliteofibular ligament attaches
just proximal to the musculotendinous junction of the
popliteus complex.?*2® However, we disagree with this
finding. We found that the popliteofibular ligament at-
tached to the musculotendinous junction of the popliteus
and angled distolaterally to its attachment on the fibular
styloid process. We concur with Staubli et al.?%2% that the
popliteofibular ligament has anterior and posterior divi-
sions. In addition, we found, as they did, that the posterior
division attached to the apex and downslope of the pos-
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teromedial fibular styloid process and that the anterior
division attached to the downslope of the anteromedial
aspect of the fibular styloid process and had fibers extend-
ing to the lateral tibia near the proximal anterior tibiofib-
ular ligament. We also found that the posterior division
was consistently larger than the anterior division.

There have been many reports on procedures performed
to stabilize the posterolateral knee.® 4:18:19:27.28 Although
these reconstruction techniques attempt to reproduce the
function provided by the posterolateral knee structures,
they do not provide an anatomic reconstruction of the
posterolateral knee structures. To our knowledge, there
have been no reported studies on an anatomic reconstruc-
tion technique for the fibular collateral ligament, popli-
teus tendon, and popliteofibular ligament. With quantifi-
cation of the attachment sites and with pertinent related
bony anatomy locations to serve as reference points, we
propose that further study be devoted to optimizing ana-
tomic repairs/reconstructions of the posterolateral knee
structures.
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