
Acute lateral ligament injury –
Pearls and Pitfalls

DUBAI



Lateral collateral ligament (LCL)
and
Posterolateral corner (PLC)
are often involved together

Diagnosis is very difficult:
• Clinical exam
• MRI
• Arthroscopy
(lateral joint opening > 1cm / 
drive through sign)

The problem LCL and PLC



LCL: lateral collateral ligament

LCL

• #1 varus stabilizer

• Origin proximal / posterior to

lateral epicondyle

• Midway alongfibular head



Stabilizer to posterolateral 

rotation

– Popliteus femoral 
attachement

– Popliteomeniscal fascicles
– Popliteofibular ligament
– Popliteal aponeurosis to 

lateral meniscus

PLC: Popliteus complex



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 cm2 (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 cm2 (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.25,26 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

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).
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and the distance between the tibial attachment of the direct
arm of the semimembranosus and the proximal edge of the
medial tibial plateau at the joint line was measured. The
presence of a plantaris muscle, fabellofibular ligament,
popliteofibular ligament, and a palpable fabella was also re-
corded. Deeper dissection (to include the functional bun-
dles of the posterior cruciate ligament and the posterior
meniscofemoral ligaments) was not performed.

Results
ndividual posterior knee structures are described below and
are grouped into complexes where appropriate. The mea-

surements that are presented are the averages for all structures
(Tables I, II, and III).

Posterior Semimembranosus Complex
Dissection of the posterior aspect of the knee revealed eight
consistent posterior attachments of the semimembranosus
muscle distal to the main common tendon at the knee: a direct
arm, a lateral tendinous expansion off the main common ten-
don that contributed to the oblique popliteal ligament, an at-
tachment to the coronary ligament of the medial meniscus,

the oblique popliteal ligament, a proximal posterior capsular
arm, a distal tibial expansion, an anterior arm, and the com-
ponents (capsular, tibial, and superficial arms) of the poste-
rior oblique ligament (Fig. 1 and Table I).

Two centimeters proximal to its bifurcation into the di-
rect and anterior arms at the posterior aspect of the medial tib-
ial plateau, the main common tendon of the semimembranosus
was 11.9 mm wide (Fig. 2). Just prior to this bifurcation, a lat-
eral tendinous expansion from the main common tendon con-
tinued on to form the oblique popliteal ligament. The main
portion continued on to form the direct arm, which coursed
distally and expanded to attach to an osseous prominence, the
tuberculum tendinis, on the proximal part of the posteromedial
aspect of the tibia, 11.6 mm distal to the joint line at the poste-
rior medial tibial plateau. The direct arm fanned out at this
point to form a broad U-shaped convex distal attachment on
the proximal posteromedial tibia. Just prior to its tibial attach-
ment, the direct arm attached to the posterior aspect of the cor-
onary ligament (the meniscotibial portion of the posterior
capsule) of the posterior horn of the medial meniscus.

The semimembranosus bursa formed just proximal to
the attachment of the direct arm on the tibia and was
present in all knees. Its lateral aspect was sandwiched be-
tween the direct arm attachment to the coronary ligament
and the direct arm attachment to the tibia. The medial as-
pect of the semimembranosus bursa surrounded the ante-
rior arm of the semimembranosus.

An anterior arm of the semimembranosus was noted in
all specimens (Fig. 2). It was a thick anteromedial tendinous
expansion off the bifurcation of the distal aspect of the main
common tendon of the semimembranosus, which originated
just proximal to the tibial attachment of the direct arm. Its ori-
gin was within the medial edge of the semimembranosus
bursa, and it attached deep to the proximal tibial attachment
site of the superficial medial collateral ligament.

The oblique popliteal ligament was formed at its medial
aspect by a confluence of the lateral expansion off the semi-
membranosus common tendon (distally) and the capsular
arm of the posterior oblique ligament (proximally)8 (Fig. 3). It
continued laterally as a broad fascial band over the posterior
aspect of the knee. Two distinct lateral attachments of the ob-
lique popliteal ligament were identified. The oblique popliteal

I

Fig. 1

Illustration of the posterior aspect of a right knee with medial and lat-
eral gastrocnemius complexes and neurovascular structures removed. 
SM = semimembranosus muscle, sMCL = superficial medial collateral 
ligament, OPL = oblique popliteal ligament, FCL = fibular (lateral) collat-
eral ligament, Lateral gastroc = lateral gastrocnemius,  POL = posterior 
oblique ligament, and PCL = posterior cruciate ligament.

TABLE III Quantitative Relationships of the Proximal 
Popliteus Capsular Expansion

Relationship Measurement* (mm)

Length (popliteus musculotendinous 
junction to posteromedial capsular 
attachment on femur)

40.5 (36.0 to 46.0)

Width at popliteus attachment 4.5 (3.0 to 6.0)

Width at posteromedial capsular 
attachment on femur

3.9 (3.0 to 6.0)

*The values are given as the mean, with the range in parentheses.
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PLC: Anatomy



Radiographic landmarks - femoral

Lateral femoral 

epicondyle as reference

Epicondyle

LCL

Popliteus tendon
(lower and
anterior)

Pietrini et al., Am J Sports Med, 2009



Radiographic landmarks – tibial/fibular

Musculotendinous
junction (popliteus)

LCL

Popliteofibular lig.

Pietrini et al., Am J Sports Med, 2009



Biomechanics

LCL

• Varus stress ( > 30-60°flexion)

• Anterolateral rotation (with flexion)

Popliteus/popliteofibular ligament

• Posterolateral rotation

• External tibial rotation

Varus

ER

Gollehon et al., JBJS, 1987,Maynard et al., Am J Sports Med, 1996, McCarthy et al., Am J Sports Med, 2010, LaPrade et al., Am J Sports Med, 2004



LCL/PLC/PCL - Exam

• Varus/valgus opening @30 deg: LCL / MCL

• Varus/valgus opening @0 deg: LCL/MCL+PCL/ACL

• Increased ER of tibia @30 deg: 
PCL alone (rare)

• Increased ER of tibia @90 deg: 
PCL +PLC



Technique
Pearls + Pitfalls



Historical techniques LCL/PLC

Biceps tenodesis Fig.of 8 (Larson) Popliteus bypass (WeMüller)



LCL and PLC reconstruction – my way

Modified Larson vs. Arciero vs. LaPrade
Biomechanically „no difference“ ?

Imhoff,Feucht Springer 2017, LaPrade AJSM,2004,  Zantop OOT 2010,  Arciero Ascopy2005/AJSM 2010



Modified Larson / Arciero
• Augmentation of an acute repair with

Fibertape
• Primarily varus instability with little

posterolateral rotation

LaPrade or Popliteus bypass
• If significant posterolateral rotatory instability

LCL and PLC reconstruction – my way

1410 LaPrade et al The American Journal of Sports Medicine

we found statistically significant differences between the
varus translations at all tested knee flexion angles (P <
.01) (Figure 5). When comparing the intact and recon-
structed knee conditions, we found a significant difference
in varus displacements between the 2 states at 30° (P <
.05) but not at 0°, 60°, or 90° of flexion.

In the reconstructed knees, we qualitatively observed
some loosening of the fixation of the fibular collateral lig-
ament graft in the fibular head in progressing through the
3 varus force application trials at each flexion angle. This
was because of mild comminution of the osteopenic bone of
the bone tunnel through the lateral aspect of the fibular
head in spite of our adjustments made in our testing pro-

tocol after our pilot study. However, although a measura-
ble increase in varus translation of 1 to 2 mm was found
between trials 1 and 3 for the reconstructed knee condition
at each flexion angle, it was not statistically significant
(Table 1).

External Rotation Data

In comparing both the intact knee and the reconstructed
knee to the injured condition, a statistically significant dif-
ference was seen in the amount of external rotation
(degrees) at all flexion angles (P < .05) (Figure 6). There
was no significant difference between the intact and recon-

A B

Figure 3. The posterolateral knee reconstruction procedure. A, lateral view, right knee; B, posterior view, right knee. PLT,
popliteus tendon; FCL, fibular collateral ligament; PFL, popliteofibular ligament.



LCL augmented repair– Modified Larson/Arciero

Imhoff, Feucht, Springer 2017

Isometric fixation at 30°with internal rotation and valgus
with fibertape and swivelock



Reconstruktion of PLC (mod. Larson)

Imhoff & Feucht, Springer, 2012



PLC reconstruction – LaPrade

Imhoff, Feucht, Springer, 2017
LaPrade et al., Am J Sports Med, 2004

Anatomic

• LCL fixation at 20° (neutral rotation and valgus)

• Popliteus bypass fixation at 60°



Posterolateral Corner (used as additional portal)



• Brace in extension

• prevent posterior sag

• Much slower

• Restrict WB 6-8 weeks

• Start flexion 3-4 weeks

• Avoid Hamstring for 3 mos.

Postoperative Care



LCL / PLC reconstruction - Outcomes

Moulton et al., Am J Sports Med, 2015

90% success rate



Alignment and collateral ligament reconstruction

Tischer, Imhoff et al., OJSM, 2017

Little evidence

Osseous alignment should be considered, especially in chronic
cases to reduce the failure rate



Collateral ligament reconstruction failure

Noyes et al., Am J Sports Med, 2006

Varus malalignment as a reason for failure in 37%



Varus / Valgus – Biomechanical Rationale PLC

958 LaPrade et al The American Journal of Sports Medicine

RESULTS

The average posterior slope preoperatively was 8.9°, and
there was no significant difference in the postoperative
posterior tibial slope (9.3°). As mentioned previously, the
lateral cortex fractured in all 4 pilot knees during varus
load application after the osteotomy, so varus moments
were applied last in the main portion of the study. All
results are reported in averages with standard deviations
(SDs) and Bonferroni-adjusted 95% CIs.

Varus Rotation to an Applied Varus Moment

After transection of the posterolateral corner structures, a
significant increase in varus rotation was found to applied
varus moments compared with the intact knee state with an
increase of lateral joint opening of 5.9° (±1.5°; CI, 5.2°-6.5°) at
30° (P < .001) and 5.8° (±2.9°; CI, 5.0°-6.6°) at 90° (P < .001).
After a proximal tibial medial opening wedge osteotomy was
performed, varus rotation to an applied varus moment com-
pared with the intact knee state was increased by 1.6° (±1.7°;
CI, 1.0°-2.3°) at 30° (P < .01) and 1.7° (± 2.4°; CI, 0.9°-2.5°) at
90° (P < .04) (Figure 2). There was a significant decrease in
varus rotation to a varus moment after the osteotomy com-
pared with the posterolateral sectioned state at both 30º (P <
.001) and 90º (P < .001).

External Rotation Motion to an Applied
External Rotation Torque

External rotation of the knee to an applied external rota-
tion torque at 30° increased by 4.7° (±2.4°; CI, 4.2°-5.2°)

compared with the sectioned state with posterolateral sec-
tioning (P < .001) and significantly decreased by 2.9°
(±2.5°; CI, 2.4°-3.4°) compared with the sectioned state
after the osteotomy (P < .001) (Figure 3). At 90° of knee
flexion, external rotation of the knee to an applied external
rotation torque significantly increased by 4.8° (±2.8°; CI,
4.3°-5.4°) compared with the intact knee (P < .001), and
after performing an osteotomy, it decreased by 3.4° (±2.7°;
CI, 2.8°-4.0°) compared with the sectioned state (P < .001).
There was a significant decrease in external rotation to an
applied external rotation torque after performing the
osteotomy compared with the posterolateral sectioned
state at both 30º (P < .001) and 90º (P < .001). There was no

Figure 1. A right knee after the 10-mm proximal tibial opening
wedge osteotomy was performed. Note that the posterolateral
structures were sectioned, and there is a buckle transducer
applied to the superficial medial collateral ligament.

Figure 2. Mean varus rotation (with standard deviations) to
an applied 12-N⋅m moment in intact knees, after sectioning of
the main posterolateral structures (PLS) (fibular collateral liga-
ment, popliteus tendon, and popliteofibular ligament), and after
a 10-mm proximal tibial opening wedge osteotomy (PTO).
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Figure 3. Mean external rotation (with standard deviations)
changes to an applied 6-N⋅m external rotation torque in
intact knees, after sectioning of the main posterolateral
structures (PLS) (fibular collateral ligament, popliteus tendon,
and popliteofibular ligament), and after a 10-mm proximal
tibial opening wedge osteotomy (PTO).
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RESULTS

The average posterior slope preoperatively was 8.9°, and
there was no significant difference in the postoperative
posterior tibial slope (9.3°). As mentioned previously, the
lateral cortex fractured in all 4 pilot knees during varus
load application after the osteotomy, so varus moments
were applied last in the main portion of the study. All
results are reported in averages with standard deviations
(SDs) and Bonferroni-adjusted 95% CIs.

Varus Rotation to an Applied Varus Moment
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significant increase in varus rotation was found to applied
varus moments compared with the intact knee state with an
increase of lateral joint opening of 5.9° (±1.5°; CI, 5.2°-6.5°) at
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After a proximal tibial medial opening wedge osteotomy was
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CI, 1.0°-2.3°) at 30° (P < .01) and 1.7° (± 2.4°; CI, 0.9°-2.5°) at
90° (P < .04) (Figure 2). There was a significant decrease in
varus rotation to a varus moment after the osteotomy com-
pared with the posterolateral sectioned state at both 30º (P <
.001) and 90º (P < .001).

External Rotation Motion to an Applied
External Rotation Torque

External rotation of the knee to an applied external rota-
tion torque at 30° increased by 4.7° (±2.4°; CI, 4.2°-5.2°)

compared with the sectioned state with posterolateral sec-
tioning (P < .001) and significantly decreased by 2.9°
(±2.5°; CI, 2.4°-3.4°) compared with the sectioned state
after the osteotomy (P < .001) (Figure 3). At 90° of knee
flexion, external rotation of the knee to an applied external
rotation torque significantly increased by 4.8° (±2.8°; CI,
4.3°-5.4°) compared with the intact knee (P < .001), and
after performing an osteotomy, it decreased by 3.4° (±2.7°;
CI, 2.8°-4.0°) compared with the sectioned state (P < .001).
There was a significant decrease in external rotation to an
applied external rotation torque after performing the
osteotomy compared with the posterolateral sectioned
state at both 30º (P < .001) and 90º (P < .001). There was no

Figure 1. A right knee after the 10-mm proximal tibial opening
wedge osteotomy was performed. Note that the posterolateral
structures were sectioned, and there is a buckle transducer
applied to the superficial medial collateral ligament.

Figure 2. Mean varus rotation (with standard deviations) to
an applied 12-N⋅m moment in intact knees, after sectioning of
the main posterolateral structures (PLS) (fibular collateral liga-
ment, popliteus tendon, and popliteofibular ligament), and after
a 10-mm proximal tibial opening wedge osteotomy (PTO).
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Figure 3. Mean external rotation (with standard deviations)
changes to an applied 6-N⋅m external rotation torque in
intact knees, after sectioning of the main posterolateral
structures (PLS) (fibular collateral ligament, popliteus tendon,
and popliteofibular ligament), and after a 10-mm proximal
tibial opening wedge osteotomy (PTO).
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LaPrade et al., Am J Sports Med, 2008

High tibial osteotomy to reduce varus opening and
external rotation



HTO for PLC Injuries and Varus Malalignment

21 patients, isolated HTO (to 57%) without PLC surgery

32% with good clinical result after 37 months

In 62% secondary PLC reconstruction due to

symptomatic posterolateral instability

Arthur et al., AJSM, 2007



The concept of „Internal Bracing“

Methods
• Meta-Analysis of 9 studies including 195 patients (200 knees) with a 

mean age of 31.4 (±13) years

Conclusion
• Conservative treatment yields poor clinical response. 
• Suture repair of cruciate ligaments can still be an alternative 

treatment option for type III and IV knee dislocations, (Schenck’s
classification) and can achieve good clinical results, which are 
comparable to that of ligament reconstructions.

Frosch et al., KSSTA, 2012, Heitmann et al., Oper Orthop Traumatol, 2014

Reconstruction of knee stability by primary 
ligament sutures and additional augmentation 
after knee dislocation.



Case: 1 year after bilateral PCL brace / LCL /
posterolateral reconstruction
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