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CHAPTER 50

Posterolateral Corner Injuries
David A. McGuire

Injuries to the posterolateral corner (PLC) of the knee,
though infrequent, often present the most complex prob-
lems and can result in severe disability because of the rela-
tionship between rotatory instability, other ligamentous
injury, and cartilage degeneration.””** The PLC is stabi-
lized by a single functional unit known as the arcuate lig-
ament complex.”*® It is rare that injuries to the PLC occur
in isolation, and indeed, they are often found in conjunc-
tion with posterior or anterior cruciate ligament (PCL,
ACL) disruption.

Evolutionary anatomic development of the PLC has
contributed significantly to its complex anatomy. Over
time, developmental changes between the fibular head,
biceps femoris muscle, and popliteus tendon have resulted
in significantly intricate relationships. Particularly evident
is the eventual descent over time of the fibular head from
its initial articulation with the femur, which has con-
tributed to speculation that its meniscus probably evolved
into the popliteus attachment of the fibular styloid or the
popliteus tendon. Anatomic comparisons with nonhuman
mammalian species have identified similarities as well as
variations in ligament attachments.

Fabricianni et al'” observed in their anatomic studies
that the popliteus muscle continues into a complex
aponeurosis consisting of popliteofibular, popliteocapsu-
lar (popliteal aponeurosis), and popliteomeniscal fibers
(popliteomeniscal fascicles). Thereafter, it forms a strong
tendon attached to the lateral femoral condyle with supe-
rior and inferior popliteomeniscal fibers. In these authors’
comparative anatomy study of lower-order vertebrates,
they presented evidence of tibial and fibular articulation
with the femur, with each having its respective menisci.
They also identified popliteus muscle fiber attachment on
the head of the fibula posteriorly. The fibular head recedes
in higher species and the corresponding meniscus disap-
pears. In later stages of evolution, the popliteus muscle
attaches to the femorofibular meniscus, even later it
becomes the popliteus tendon, and the popliteus muscle
develops a tendinous attachment to the fibular head
(popliteofibular ligament [PFL]). The popliteus tendon,
during these developments, maintained its association
with the lateral meniscus (popliteal aponeurosis).

ANATOMY

Anatomic descriptions of the PLC have been inconsistent.
Accordingly, there is confusion surrounding the anatomic
structures and their function.”® The PFL has been
defined by no less than five terms: popliteofibular fibers,"”

the popliteus muscle with fibular head origin,*” the short
external lateral ligament,” the popliteofibular fascicles,”
and the fibular origin of the popliteus.” This structure,
notably absent in mid-20th century anatomy texts and
orthopedic journals, has been rediscovered in the recent
literature.”!

The static stabilizers of the PLC include the lateral col-
lateral ligament (LCL), PFL, arcuate ligament complex,
fabellofibular ligament (FFL), and the posterolateral
capsule. Dynamic stabilizing contributions® to the PLC
include the biceps tendon, iliotibial tract (IT), and popli-
teus muscle-tendon complex. Injury to this complex can
cause laxity that can result in posterolateral or anterolat-
eral rotatory instability. The PLC controls anterolateral and
posterolateral tibial rotation relative to the femur.**>*>7!

Seebacher et al® in 1982 described the knee lateral
structures as being composed of three distinct layers (Fig.
50-1). The most superficial layer (layer I) consists of two
parts, the superficial portion of the biceps and its expan-
sion posteriorly and the IT, including its anterior expan-
sion. The middle layer (layer II—an incomplete layer)
contains the patellomeniscal ligament and, anteriorly, is
composed of the quadriceps retinaculum but is incom-
plete posteriorly, where it consists of the two PFLs. The
deepest (layer III) of the three layers forms the lateral part
of the joint capsule. This layer is divided into superficial
and deep laminae. The superficial (lateral aponeuroses of
the long and short heads, capsular arm of the short head of
the biceps femoris) lamina includes the LCL and terminates
at the FFL. The deep lamina passes along the edge of the
lateral meniscus, where a hiatus forms for the popliteus
tendon and the coronary ligament, and terminates at the
arcuate ligament complex.

The anatomy of the PLC is significantly variable.
Seebacher et al”® noted three anatomic variations in their
study of 35 cadaver knees. The FFL independently rein-
forced the PLC portion of the capsule in 20%, the arcuate
ligament complex reinforced it unaided in 13% of the
knees, and both structures reinforced it in 67%. Sudasna
and Harnsiriwattanagit’® found variation in PLC struc-
tures in their dissection of 50 knees. They identified the
fibular origin of the popliteus tendon (presently known as
the PFL) in 98%, an FFL in 68%, and a thin, membranous
arcuate ligament in 24%. In a study of 115 cadaver knees,
Watanabe et al*” used a classification scheme that identi-
fied the presence or absence of the “popliteus muscle”
with origin from the fibular head (the PFL); seven
anatomic variants were recognized, with variations of the
arcuate ligament complex and FFL previously noted by
Seebacher et al also being included. They found an LCL
and a popliteus tendon in all knees and a PFL in 93%.
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BLOOD SUPPLY AND INNERVATION

The blood supply of the PLC is provided by the popliteal
artery and its branches. Of the lateral superior genicular
artery’s three branches, the articular branch anastomoses
with the ascending branch of the lateral inferior genicular
artery, which runs anteriorly, deep to the LCL,”** and
supplies the LCL and the lateral region of the knee. The
middle genicular artery supplies the posterior capsular
region,”” with additional supply derived from the poste-
rior tibial recurrent artery, which segregates into small
branches supplying the tibial condyle, popliteus muscle,
and the area superior to the fibular head.** Small branches
off the popliteal artery also supply the posterior capsular
region.**

Injury to the PLC affects afferent signals to the central
nervous system and knee kinematics. The PLC and the
external portion of the lateral meniscus are supplied by
the popliteal plexus, with aid from the terminal portions
of the obturator nerve and the posterior articular nerve
(a significant branch of the posterior tibial nerve).’**
Proprioception in this knee region is facilitated by
mechanoreceptors performing complex reflex arc roles.
Golgi tendon organ-like endings and pacinian corpuscles
serve a regulatory function for PLC structures in resisting
external rotation and excessive varus force. Golgi endings,
as slowly adapting high-threshold mechanoreceptors, are
activated during extremes in knee range of motion (ROM)
and when high stress is generated in ligaments. Pacinian
corpuscles adapt and signal rapidly to changes in joint
deceleration and acceleration.”””
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Figure 50-1. Coronal sec-
tioned anatomy of the
posterolateral corner of
the knee. (From Seebacher
JR, Inglis AE, Marshall JL,
Warren RF: The structure of
the posterolateral aspect of
the knee. J Bone Joint Surg
Am 64:536-541, 1982.)

By their location in and connection to ligaments, the
capsule, and menisci, Ruffini endings provide static
and dynamic mechanoreceptor input that signals the
direction and amplitude of knee movement velocity, as
well as changes in intra-articular pressure.”””> The high-
threshold free nerve endings that are ubiquitously present
in most articular tissue are pain receptors that respond
directly to inflammatory mediators and mechanical
deformation.”””

BIOMECHANICAL STUDIES

Knowledge of the function and contribution to stability of
individual PLC knee components has been derived largely
from biomechanical studies. These studies provide a sci-
entific basis for clinical assessment of a knee with PLC
injury. Most research seeks to determine primary and
combined function by measurement of knee motion in
response to known forces with increasing anatomic defects
in the knee.”

In cadaver knee studies involving selective ligament
sectioning, Nielsen et al”>® illustrated the role of the PLC
structures in opposing posterolateral rotational and varus
forces. Collectively, the PLC and the LCL resist postero-
lateral rotation and varus displacement. The PLC plays the
greater role in restricting posterolateral rotation, whereas
the LCL plays a greater role in resisting varus displace-
ment of the tibia.’” Sectioning both the posterolateral part
of the capsule and the LCL resulted in more posterolateral
rotatory instability than did isolated resection of either
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structure.” The popliteus tendon resisted external tibial
rotation between 20 and 130 degrees ROM, and it resis-
ted varus displacement of the tibia from 0 to 90 degrees.”
The PLC structures contributed secondary constraint to
posterior translation. Isolated sectioning of the PCL did
not affect external rotation or varus stability.””’

A study by Gollehon et al”> expanded on the work of
Nielson and colleagues by selective transection of the
ACL, PCL, LCL, and the “popliteus-arcuate (deep) liga-
ment complex” (DLC), which included the arcuate liga-
ment complex and the FFL, the popliteus tendon, and the
posterolateral part of the joint capsule.”®* From 0 to 90
degrees ROM, the PCL was the principal structure resist-
ing posterior translation, whereas the DLC and the LCL
were the principal structures constraining posterolateral
rotation and varus displacement. If either the DLC or the
LCL were sectioned individually, there was no increase in
posterior translation; however, their combined resection
resulted in small increases in posterior translation
throughout all ROM. A small varus displacement occurred
at all knee angles in response to isolated LCL cutting, and
when combined with resection of the DLC, varus dis-
placement increased further in all ROM and was greatest
at 30 degrees. With the addition of PCL sectioning, larger
increases in varus displacement (from 15 to 19 degrees)
occurred. When the DLC was sectioned, posterolateral
rotation increased at 90 degrees, and when combined with
LCL sectioning, posterolateral rotation increased at all
angles, maximally at 30 degrees. When the PCL was also
sectioned, additional increases in posterior translation
and varus displacement occurred at all flexion angles,
and posterolateral rotation increased at greater than 30
degrees of flexion. Isolated sectioning of the PCL did not
affect posterolateral or varus displacement at any knee
angle. When the ACL was sectioned along with the LCL
and the DLC, tibial anterolateral rotation and anterior
translation increased at 30 and 60 degrees of flexion. Iso-
lated sectioning of the ACL or combined sectioning of the
LCL and the DLC did not increase anterolateral rotation
of the tibia.

In a study by Markolf et al,”® sectioning of the PLC
structures and subsequent posterolateral rotation or tibial
varus produced increased force on the PCL at flexion
between 45 and 90 degrees. Posterior tibial force and
posterolateral rotation produced significantly increased
stress on the PCL at all angles except full extension. With
applied anterolateral rotation, there was no effect on the
PCL. However, stress increased on the ACL from 0 to 20
degrees of flexion.

Noyes et al” quantified increases in abnormal posterior
subluxation of the tibial plateau subsequent to ligament
sectioning and specified loading conditions. Transection
of both the PCL and PLC structures increased posterior
subluxation of both the lateral and medial tibial plateau at
30 and 90 degrees of flexion. Subsequent to cutting the
PLC structures, posterior translation of the lateral tibial
plateau increased at 30 but not at 90 degrees of flexion.

LaPrade et al** measured the stress in ACL grafts in
cadaver knees in which the PLC structures had been selec-
tively cut. Graft force increased with varus loading, and it
increased further with coupled varus and posterolateral
rotation at 0 and 30 degrees of flexion.

In their study of articular contact pressure with the use
of pressure-sensitive film, Skyhar et al’* reported that com-
bined sectioning of the PCL and PLC produced signifi-
cantly more patellofemoral joint contact pressure than did
isolated sectioning of the PCL (p < .05). Their cadaver
knee model simulated non-weightbearing, resistive exten-
sion of the knee.

CLINICAL RELEVANCE
Isolated Ligament Injuries

Although PLC injury may be isolated or occur as part of
a multiligament injury, isolated PLC injury is rare. In their
report of 735 knees treated for ligament injuries, DeLee
et al'® identified only 12 (1.6%) that had acute isolated
posterolateral rotatory instability. The most common
mechanisms of injury to the PLC of the knee include
athletic trauma, falls, and motor vehicle acci-
dents. >0+ HL00 If posterolateral force is directed to the
proximal part of the tibia with the knee at or near full
extension, an isolated PLC injury can result.'” Knee
hyperextension and a varus force combined can disrupt
the PLC structures.>**! When isolated PLC injury occurs,
the following conditions are typically found:
1. Posterior tibial translation = minimum (same as the
reference knee)
2. External rotation at 30 degrees of knee flexion =
maximum
3. Stable examination at 90 degrees

An isolated complete injury of the PLC results in max-
imally increased varus and external rotation at 30 degrees
of flexion if the PCL is intact. At low knee flexion angles,
only 10% to 15% of the PCIs fibers are taut, and it is
accordingly unable to significantly resist such force.'*'” In
contrast, the fibers of an intact PCL are tight at 90 degrees
and are able to exert an effective secondary restraint
against posterolateral rotatory torque, or a varus force,
and to exert a primary restraint against posterior
translation.*>*%

Signs of isolated PLC injury differ significantly from
those associated with isolated LCL injury. Isolated LCL
injury is manifested as mildly increased varus displace-
ment at O degrees but as maximal displacement at 30
degrees of knee flexion. It is best assessed with adduction
stress testing at 30 degrees.

Isolated tears of the PCL produce increases in posterior
translation of the tibia that correlate positively with knee
flexion. However, there is no correlation with posterolat-
eral or anterolateral rotatory instability or varus displace-
ment. The posterior drawer test at 90 degrees is the most
accurate means of diagnosing such an injury.'* Accord-
ingly, an isolated PCL injury will have the following
findings:

1. Abnormal posterior laxity

2. No abnormal varus

3. Dial test result for external rotation of the tibia on
the femur less than 5 degrees as compared with the

uninvolved side tested with the knee at 30 and 90

degrees of flexion
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Posterolateral Corner—Posterior Cruciate
Ligament Injury Combination

PLC impairment is more frequently associated with
multiple ligament injuries, and posterolateral rotatory
instability is notably a common condition that occurs
secondary to PCL damage. Injury mechanisms include
those contributing to isolated PLC injury, hyperextension
combined with posterolateral rotatory force, a severe
tibial posterolateral rotation force, or a severe varus
force.*'**# A combined injury may also occur when
a flexed knee receives a posterior force on the tibia
while externally rotated. In this situation, PCL tension is
significantly decreased in comparison to the tension
present during neutral tibial rotation because the PLC
structures are recruited to resist the applied force.*® A
frank knee dislocation can also produce severe injury to
the PLC.>*8"%°

When a complete PLC injury is combined with a PCL
injury, the primary and secondary restraining effects of the
PCL are lost at high knee flexion angles. Consequently,
there is increased posterolateral rotatory instability,
varus displacement, and posterior translation at all knee
angles.”” When isolated or combined PLC injury is sus-
pected, stress tests for increased varus displacement and
posterolateral rotatory instability should be performed at
30 and 90 degrees and compared with the results in the
uninjured knee.* An injury to the PLC structures com-
bined with a PCL injury will typically be manifested as
follows:
1. Abnormal posterior laxity greater than 20 to

25 mm,; tibial step-off is absent and negative
2. Abnormal varus displacement at 30 degrees
3. Abnormal external rotation thigh-foot angle of

greater than 10 to 15 degrees in comparison

to the normal lower extremity tested at 30 and

90 degrees

Posterolateral Corner—-Anterior Cruciate
Ligament Injury Combination

Though less well recognized, combined ACL and PLC
injury can occur. Collectively, this multiple injury results
in increased primary anterior and posterior translation,
primary varus laxity, coupled posterolateral rotatory insta-
bility, and anterolateral rotatory instability.**°' There is
disagreement whether the external rotation test at 30
degrees is a reliable method for identifying combined ACL
and PLC injury. Although anterolateral rotatory instabil-
ity is commonly associated with ACL insufficiency,
identifying which cases are combined PLC and ACL
injuries may require intraoperative assessment. When
PLC involvement is suspected, post-ACL reconstruction
flexion-rotation drawer and dial tests can verify PLC insuf-
ficiency requiring surgical intervention. The data support
the clinical observation that cruciate ligament grafts are at
risk for failure in knees with untreated posterolateral and
anterolateral rotatory instability.”® Consequently, intraop-
erative assessment of PLC insufficiency may easily and

perhaps should routinely be conducted immediately after
postoperative ACL and PCL reconstruction.

DIAGNOSIS AND
PHYSICAL EXAMINATION

Because the majority of all PLC injuries occur in con-
junction with other ligamentous disruption, they may be
overlooked during an initial knee examination.'*”*"
Patients with PLC injuries typically have diffuse tender-
ness, ecchymosis, edema, induration and tenderness over
the PLC area, and localized tenderness over the fibular
head.>'® Localized point tenderness at the joint line may
indicate a Segond fracture.* "

Examination is carried out to ascertain the functional
integrity of specific structures, and comparison is made
with the uninjured knee. Lesions of the PLC structures are
often classified as grade I, II, or III sprains, depending on
whether there is minimal, partial, or complete tearing of
the ligament.>*®**"* Grade 1 injuries are not associated
with abnormal joint motion, grade II injuries are associ-
ated with slight to moderate joint motion, and grade III in
injuries are usually associated with markedly abnormal
joint motion.>

A posterior drawer test should be performed at 30 and
90 degrees.”> After applying gentle posterolateral rota-
tional force, assess the amount of posterolateral rotation
and compare it with the contralateral normal knee.
Note that some normal laxity is seen in patients with
physiological genu recurvatum. If posterior translation
is normal at 90 degrees but is slightly increased at 30
degrees, PLC injury is likely. Not all patients with PCL
tears have a positive posterior drawer test on physical
examination.”® Although the PCL is commonly evaluated
by performing the posterior drawer test at 90
degrees,””>*"* it can also be assessed by other methods,
including the dynamic posterior shift test,"” the quadri-
ceps active test, the posterior sag sign, the prone posterior
drawer test, and the reverse pivot-shift test.”> The reverse
pivot-shift test has the largest variability of all motion tests
(with positive results occurring in 35% of normal knees
examined under anesthesia)."' The knee is flexed to 45
degrees, the foot is externally rotated, and the knee is then
extended.

During assessment of patients with known PCL tears,
diagnosis of potential injury to the PLC should be under-
taken with the patient in a supine position."” The pos-
terolateral external rotation test” is conducted at 30 and
90 degrees, with a combined posterior and external rota-
tion force being applied while palpating for posterolateral
subluxation of the tibia. If subluxation occurs at 30
degrees but not at 90 degrees, an isolated injury of the PLC
is indicated. If subluxation occurs at both angles, a com-
bined PLC and PCL injury is suggested.

The dial (tibial external rotation) test assesses increased
external rotation and may be performed with the patient
supine or prone, although it may be easier to visualize
side-to-side differences in the latter position."®* The test
should be performed at both 30 and 90 degrees because
increased external rotation at 30 degrees but not at 90
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degrees indicates an isolated injury to the PLC whereas
increased external rotation at both angles suggests injury
to both the PCL and the PLC. Differences between
the results of the 30- and 90-degree dial tests may be so
slight that they are not visually detectable. If external
rotation of the injured tibia exceeds 10 degrees in a
side-to-side comparison with the noninjured tibia, a PLC
injury is suggested.’ The external rotation recurvatum
test”?* is used to diagnose posterolateral rotatory insta-
bility but is usually indicative of a combined injury with
the PCL. The test is performed by lifting the patient’s
extended legs by the great toes and noting any relative
difference in hyperextension, tibial external rotation, and
varus.

Assessment of the ACL is commonly undertaken with
the Lachman test.*® A combined ACL and PLC injury
should be suspected in severe injuries or if the ACL insuf-
ficiency is chronic. Either of these circumstances in the
presence of a grade II to III Lachman test combined with a
grade II to III flexion-rotation drawer test is indicative of
a combined injury. It should also be suspected if the
patient is undergoing a revision ACL reconstruction and
there were no signs of injury, noncompliance with physi-
cal therapy, or incorrect surgical methodology.

Patients with PLC injuries usually, but not always,
demonstrate varus alignment while standing and may
learn to adapt to their instability with a flexed knee gait.
This abnormal gait pattern is characterized by a varus
thrust, or a hyperextension varus thrust may develop
during their stance phase.*®

DIAGNOSTIC IMAGING

Standard anterior-posterior radiographs of a knee with
posterolateral injury may show abnormal widening of the
lateral joint space or a Segond fracture.'**"*® Avulsion of
the lateral aspect of the capsule from the tibial plateau
(Segond fracture—lateral capsular sign) is typically
indicative of an ACL lesion. However, an isolated PLC
injury may be seen as avulsion of metaphyseal bone from
the tibia.'"*® Although chronic PLC injuries correlate
positively with radiographs demonstrating osteoarthritic
changes in the lateral or medial compartment or with
patellofemoral arthritis,®* these data have limited use in
primary PLC diagnosis.

Magnetic resonance imaging (MRI) is useful in diag-
nosing PLC injury, particularly in severely traumatized,
acutely injured knees wherein a complete and accurate
clinical diagnosis is not possible.”**""* Coronal oblique
T2-weighted MRI has been demonstrated in cadaveric and
clinical studies to provide improved visualization of PLC
structures when compared with standard coronal or sagit-
tal views.” In a prospective clinical study, LaPrade et al*
used a thin-sliced coronal oblique T1-weighted protocol
designed to include the entire fibular head and styloid
process in their comparison of seven uninjured knees to
20 patients with grade IIT PLC injuries. They were able to
accurately identify PLC structures individually and deter-
mine the chronic or acute nature of the lesions with this
protocol.

TREATMENT
Nonoperative

Kannus® monitored 23 patients with nonoperated grade
IT and III sprains of the PLC. Eleven patients with grade
II sprains had excellent or good result, 9 were asympto-
matic, and all had residual laxity. Twelve patients with
grade III sprains all had fair to poor results on their stan-
dardized scores, and 6 had post-traumatic arthritis.

Surgical Reconstruction

Reconstruction techniques for the PLC include partial and
complete tendon transfers, among which are femoral bone
block advancement of the arcuate ligament complex,
lateral gastrocnemius muscle advancement, biceps tendon
tenodesis, and hamstring or patellar tendon reconstruc-
tion of the LCL from the fibular head to the isometric
point of the femur.®*"#%°1% Individual ligament replace-
ment techniques for PLC insufficiency include an LCL
anatomic reconstruction using the central segment of the
biceps femoris tendon (Fig. 50-2),” reconstruction of the
tibial attachment of the popliteus tendon and the PFL with
a split patellar tendon graft (an Achilles tendon may also

Figure 50-2. View of lateral collateral ligament reconstruc-
tion with a central strip of biceps tendon. (From Bowen
MK, Warren RF, Cooper DE: Posterior cruciate ligament and
related injuries. In Insall J [ed]: Surgery of the Knee, 2nd
ed. New York, Churchill Livingstone, 1993.)
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be used), or isolated reconstruction of the PFL with a graft
(Fig. 50-3).%

Other reconstruction examples include LCL/PFL
substitution with the semitendinosus (Fig. 50—4)* and
split Achilles (Fig. 50-5)," PFL substitution with the
semitendinosus without significant varus instability (Fig.
50-6), split biceps tendon transfer (biceps femoris
tendon tenodesis),' rerouted biceps tendon,* and fibular
head oblique osteotomy.**

Figure 50-3. A, Reconstruction of
the popliteus-tibial attachment
and popliteofibular ligament with
a split patellar ligament graft.
Subsequent to proximal femoral
tunnel placement, the graft is split
and one end placed in the tibial
tunnel and the other in the fibular
tunnel. B, Reconstruction of the
popliteofibular ligament with a
patellar ligament graft. (From
Veltri DM, Warren RF: Posterolat-
eral instability of the knee. Instr
Course Lect 44:441-453, 1995.)

Figure 50-4. Illustration of a
lateral collateral ligament
and popliteofibular ligament
reconstruction with a free
semitendinosus tendon graft.
(From Fanelli GC, Larson RV,
Practical management of pos-
terolateral instability of the
knee. Arthroscopy 18(2 Suppl
1):1-8, 2002.)

Study Results

In 21 patients with combined PLC and cruciate ligament
injuries, Noyes and Barber-Westin® reported that 13
(61.9%) were fully functional, 6 (28.6%) were partially
functional, and 2 (9.5%) were nonfunctional. They used
a modified Hughston and Jacobson® technique in which
the tissue is advanced with the knee in 30 degrees of
flexion rather than at 90 degrees. In another combined
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Figure 50-5. Posterolateral reconstruction with a split
Achilles tendon allograft. A bone plug is placed in the
anteroinferior side tunnel of the femur and secured with a
cannulated interference screw. The 6-mm-wide and 7-mm-
wide sides of the graft are secured by staples on the femur
and tibia, respectively. (From Lee MC, Park YK, Lee SH,
et al: Posterolateral reconstruction using split Achilles
tendon allograft. Arthroscopy 19:1043-1049, 2003.)

PLC and cruciate ligament series involving 39 patients,
Clancy and Sutherland' performed a tenodesis of the
biceps femoris tendon to the lateral femoral epicondyle.
They reported that 77% had no restrictions in activities of
daily living and 54% were able to return to their previous
level of sports competition. In a combined PLC-PCL study
by Fanelli et al," all 21 patients had either correction or
overcorrection of their posterolateral instability as meas-
ured by the tibial external rotation test.

Jacob and Warner* suggested that recession of the
popliteus tendon and LCL into the lateral femoral condyle
can restore tension yet maintain the anatomic attachment
sites. This procedure would be appropriate in cases of mild
attenuation when the popliteus musculotendinous junc-
tion and the PFL are intact. A study by Albright and
Brown' reported the results of a sling procedure used to
approximate reconstruction of the popliteus tendon. This
procedure eliminated the reverse pivot shift, hyperexten-
sion, and varus laxity in 26 (87%) of the study’s 30
patients.

Using a rerouted biceps tendon technique in patients
with isolated rotatory instability, Kim et al* reported that
external rotation was normal in 15 (71%) of the 21
patients at follow-up and loss of correction of more than
5 degrees was found in 3 patients at an average of 1 year
postoperatively. Patients were immobilized at 30 degrees
for 6 weeks, with partial weightbearing permitted there-
after with passive and active ROM.

Posterolateral Corner Injuries

—p—

Figure 50-6. Illustration of a semitendinosus free graft
used to reconstruct posterolateral corner instability
without varus instability and without (A) or with (B)
tibiofibular joint instability. (From Fanelli GC, Larson RV:
Practical management of posterolateral instability of the
knee. Arthroscopy 18(2 Suppl 1):1-8, 2002.)

Operative Technique

The reconstruction techniques described are all complex
and require the rearrangement of normal structures. No
matter how carefully done, there is a penalty for moving
normal structures to new locations. In an effort to simplify
the reconstruction and minimize the associated morbidity
of the procedure, we have developed and currently use the
following techniques.

ANTEROLATERAL LATERAL AUGMENTATION
DESIGNED TO ELIMINATE ANTEROLATERAL
ROTATORY INSTABILITY

To minimize donor site morbidity, a semitendinosus
or other suitable allograft may be used. However, if allo-
graft tissue is not available, autologous tissue may be
substituted. A lateral incision is made through subcuta-
neous tissue from the lateral femoral epicondyle to Gerdy’s
tubercle. The fascia lata is divided longitudinally. Gerdy’s
tubercle is identified along with the site just posterior
to the insertion of the LCL on the femur (Fig. 50-7).
Slot-eyed Beath pins are then placed in these positions
(Fig. 50-8).

Initially, the pins are drilled or tapped a short distance
into the bone, and a suitably strong suture material is
stretched between these two pins (Fig. 50-9). The knee is
then put through full ROM. Tension changes in the suture
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Figure 50-7. The tibial tunnel site is located just anterior
to Gerdy’s tubercle, and the femoral tunnel site is located
just posterior to the insertion of the lateral collateral liga-
ment (LCL) on the femur.

Figure 50-8. Insertion of the slot-eyed Beath pins into the
approximated position.

so placed should be less than 2 mm. This is a simple, but
useful approximation of isometry. If the tension in the
suture is inadequate or the suture breaks, which is indica-
tive of a nonisometric position, the pins are reinserted at
a more suitable site until satisfactory isometry is estab-
lished. The work of Sidles et al’! established that no truly
isometric positions exist laterally and extra-articularly.

Figure 50-9. Beath pins are wrapped with suture material
to determine site-selected isometry of 2-mm or less excur-
sion during range-of-motion testing.

Figure 50-10. Femoral tunnel being overdrilled with a 7-
mm reamer to a depth of 25 mm.

However, this method produces a useful approximation
that will protect the ACL graft in these instances of severe
anterolateral rotatory instability.

Once this relatively isometric position is established,
the femoral pin is drilled through the femoral cortex with
its exit directed medially and sufficiently proximal to
avoid the femoral tunnel of the previously reconstructed
ACL. The tibial pin is advanced distally and medially to
avoid the tibial tunnel and then exits the skin. Once ade-
quate pin position is achieved, a 7-mm cannulated reamer
is advanced over the Beath pins, and both tunnels are
drilled to a depth of 25 mm (Fig. 50-10). A wire suture is
placed at both ends of the graft, which is then advanced
into the tunnels with the aid of the slot-eyed Beath pins
(Fig. 50-11). With the knee held in 20 degrees of flexion,
the graft is tensioned to approximately 5 kg, and direct
tendon-to-bone fixation is accomplished with 7 x 25-mm
bioabsorbable interference screws placed over a guide wire
(Fig. 50-12). Stability is then checked (Fig. 50-13). The
pivot-shift phenomenon should be completely eliminated.
The wound is then closed with subcuticular absorbable
sutures. Use of this relatively simple extra-articular recon-

o
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Figure 50-11. Graft shown in preparation for insertion.
Note the slot of each Beath pin is positioned to receive the
graft wire before placement of the graft ends into their
respective tunnels.

Figure 50-12. Insertion of a 7 x 25-mm headless cannulated
bioabsorbable interference screw for direct interference
fixation of the tibial side of the graft. Another identical
screw is used for femoral side fixation.

Figure 50-13. Graft secured while awaiting flexion-rotation
drawer testing and wound closure with subcuticular
absorbable suture.

LCL femoral
insertion

Femoral
tunnel site

Fibular
tunnel site

Figure 50-14. The proximal tunnel site is located just ante-
rior to the insertion of the lateral collateral ligament (LCL).
The distal tunnel located in the fibular head is drilled
obliquely, angling from posterior proximal on the fibular
head to anterior distal, and then exits through the skin
anteriorly.

struction has significantly improved our success rate in
these severely unstable knees.”

POSTEROLATERAL LATERAL AUGMENTATION
DESIGNED TO ELIMINATE POSTEROLATERAL
ROTATORY INSTABILITY

The posterolateral reconstructive surgical technique
mirrors that of the anterolateral reconstruction. The only
significant difference is the location of the distal and prox-
imal tunnels. To establish the proximal tunnel, a site just
anterior to the LCL is identified (Fig. 50-14), and a guide
wire is placed in this position. The guide wire and subse-
quent tunnel should be oriented in a proximal medial
direction so that it avoids the femoral tunnel of an ACL
reconstruction (Fig. 50-15). The foot is then internally
rotated, thereby exposing the head of the fibula. To estab-
lish the distal tunnel, a guide wire is drilled obliquely,
angling from posterior proximal on the fibular head to
anterior distal, and then exits through the skin anteriorly.
Like the anterolateral reconstruction, isometry is evalu-
ated with a suture. The final tunnels are drilled, and with

o
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Figure 50-15. Insertion of the slot-eyed Beath pins into
their respective approximated positions.

Figure 50-16. Graft secured while awaiting the dial test and
wound closure with subcuticular absorbable suture.

the knee in approximately 90 degrees of flexion, direct
tendon-to-bone fixation is accomplished with bioab-
sorbable interference screws. Under tension, the femoral
insertion is fixed first, followed by the fibular insertion
(Fig. 50-16).%

Rehabilitation

The postoperative program is similar to the program after
an isolated ACL reconstruction. Postoperative pain may
be greater after lateral reconstruction, and therefore
proper pain management is crucial so that early rehabili-
tation can be initiated. Rehabilitation emphasizes ROM,
quadriceps strengthening, and patellofemoral joint pro-
tection. Patients are allowed weightbearing as tolerated,
with the majority returning to full weightbearing by the
seventh postoperative day. The postoperative ROM proto-
col includes continuous passive motion and heel slides,
with the goal of full ROM by the sixth postoperative week.

Cold therapy is used to reduce postoperative pain and
swelling.

The postoperative exercise program emphasizes quadri-
ceps strengthening and avoids all flexion and extension
against resistance. Immediately after surgery all patients
begin a strengthening program that consists initially of
straight-leg raises. Patients progress to nonimpact
sliding/gliding exercises as tolerated. Specifically, patients
begin a program consisting of swimming, Nordic track,
and stationary bicycling usually beginning by the end of
the second postoperative week. If any activity produces
pain, patients are instructed to discontinue or limit the
extent of that exercise.

DISCUSSION

PLC instability can be anterior, posterior, or both. The
instability can be isolated or exist in conjunction with
other ligamentous injuries. The possibility of PLC injury
should be considered when examining any injured knee
for ligamentous injury. However, PLC instability may be
best confirmed intraoperatively after completion of ACL
or PCL reconstruction. This injury pattern is easily
diagnosed, and a MRI study may be helpful in borderline
cases.

It has been suggested that all grade I and most moder-
ate grade II injuries of the PLC structures can be treated
nonoperatively, but residual laxity may remain, especially
in knees with grade Il injuries.” Mild grade II injuries
can probably and occasionally be treated nonoperatively;
however, differentiation between grade 1 and II injury
is often complicated by concomitant multiple ligament
injuries. Additionally, a poorly reconstructed ACL can
mimic injury to the PLC. If the tibial tunnel is placed so
posterior that the position of the ACL graft is too verti-
cally oriented, the resulting rotational instability can
mimic a PLC injury.

Acute grade III isolated or combined injury of the PLC
is best treated early, by direct repair if possible, or else by
augmentation or reconstruction of all injured ligaments.
Chronic PLC injury, whether isolated or combined, is
probably best treated by reconstruction of the PLC along
with reconstruction of any coexisting cruciate ligament
injury.

Clinical outcomes of PCL reconstruction have not been
as successful as those achieved after ACL reconstruc-
tion.”?! #9908 The commonly associated PLC injury, if
left unattended in PCL disruptions, may contribute to
unsuccessful PCL reconstruction. However, there seems to
be a greater percentage of posterolateral rotatory instabil-
ity among PCL-deficient patients than anterolateral rota-
tory instability among ACL-deficient patients. This may be
due to a higher percentage of severe trauma associated
with the PCL group. Biomechanical data support the clin-
ical observation that cruciate ligament grafts are at risk for
failure in knees with untreated anterolateral or postero-
lateral rotatory instability.” Failure to diagnose and treat
a PLC injury in a patient who has a known tear of the ACL
or PCL can result in failure of the reconstructed cruciate
ligament.

o
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