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Abstract

Injuries to the anterior cruciate ligament (ACL) can be associated with anterolateral capsular injuries. Recently, these
capsular tears have been suggested to play an important role in rotatory knee instability. A critical review of the
anterolateral complex of the knee is necessary to clarify nomenclatures of same structures and the complex anatomy of
anterolateral side of the knee. In addition to the lateral collateral ligament and the arcuate complex, the iliotibial band (ITB)
is an important lateral structure. It consists of different layers; the superficial, middle, deep and capsulo-osseous layer.
Further, in a subset of patients, a capsular thickening, i.e. the mid-third capsular ligament can be observed.
Biomechanically, the functional unit of the ITB with its deeper layers between the firm attachment on the distal lateral
femoral metaphysis (Kaplan fibers) and Gerdy’s tubercle was shown to contribute the most to resist internal tibial rotation.
Therefore, the ITB and its deeper layers as well as the mid-third capsular ligament should be referred to collectively as the

anterolateral complex.
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Introduction

Anterior cruciate ligament (ACL) injury results in an anterolateral rotatory instability of the knee joint. In order to restore
normal knee kinematics, surgeons have to address this coupled anterior translation and internal rotation of the tibia
relative to the femur. However, associated injuries (i.e. meniscus tears), bone morphology and anterolateral capsular

injuries as well as non-anatomic ACL reconstruction can lead to a persistent pivot shift phenomenon postoperatively.™®

10,11

Recently, a distinct ligamentous structure has been described on the lateral aspect of the knee. This ligament was

6,7,12

suggested to play an important role in restraint of rotatory instability and pivot shift. In recent years, focus has been

placed on the anatomy, histology, function, and structural properties of this lateral structure, termed the anterolateral

6,7,10-14

ligament. However, conflicting findings may result in confusion amongst orthopaedic surgeons. Reasons for these

10, 11, 15, 16

inconsistent reports may include different anatomic terminology , dissection techniques as well as specimen

10, 17-19 11, 20, 21.

fixation (embalmed versus fresh-frozen ) methods. Furthermore, these structures have been described in the

1536 EFurthermore, to better

classic literature, but may need to be reviewed in the context of the anterolateral complex.
understand the complex anatomy of the anterolateral aspect of the knee, one should be familiar with the development and

evolution of the knee joint.

Development and evolution of the knee joint
The thigh and lower leg are already separated during the earliest embryonic stages, while the tibia and fibula are
developing from the same sheet of blastema. At this stage, both fibula and tibia are in contact with the femur. In embryos

50 days of age, the tibia and fibula can be appreciated as two different structures, with the tibia being the only bone

22-25

precursor articulating with the femur. In the following stages, the fibula is further growing apart from the femur. At nine

26, 27

to 10 weeks of gestational age, the shape of the future bones of the lower limb is similar as in adults. The fibrous joint

capsule enveloping the tibiofemoral joint cavity begins to evolve by 11 weeks from dense collagen fibers in the posterior

2225 At 14 weeks, the structure of the

part of the knee®’, while the superficial layer is encompassing the distalized fibula.
lateral collateral ligament (LCL) is close to that of an adult knee, similar to the well-defined and demarked iliotibial band

(ITB).27’ %8 After 14 weeks, knee joint development can be considered as complete.29

The layer anatomy of the anterolateral complex
Unlike the medial part of the knee, which consists of three distinct layers as described by Warren and Marshall*® the
lateral side of the knee is more complex. As described above, the distalization of the fibula during early development of

the knee joint explains the formation of a new capsular layer surrounding only the tibiofemoral joint.zz'25



Seebacher et al. first described the layer by layer anatomy on the lateral aspect of the knee.? Layer 1 consists of the
fascia including the iliotibial band anterolaterally and the fascia of the biceps femoris posterolaterally. Layer 2 is defined by
the retinacula and the aponeurosis of the quadriceps and the lateral patellofemoral ligaments. Thus, Layer 2 is incomplete
in its posterior part, while it fuses with Layer 1 in its anterior most portion close to the patella and patellar tendon.'®> % The
third layer consists of the joint capsule. The joint capsule has two laminae in the area of the LCL and posterior to the ITB;
the superficial lamina (original joint capsule embryologically), which surrounds the lateral collateral ligament (LCL), and
the deep lamina lying medial to the LCL. Loose connective tissue and the inferior genicular vessels are between the two
laminae of the joint capsule. Anterior to the LCL the two layers fuse.*

Interestingly, the ITB itself has been described as a structure with different layers'® ** 2% #3132 jt s the superficial ITB,
the deep, middle and capsule-osseous layer.™ These layers of the ITB connect Layer 1 with Layer 3 as well as with the

distal femur in the proximal and posterior part of the lateral aspect of the knee.'®

Superficial lliotibial Band

The superficial ITB (Fig. 1) inserts widely with its most prominent middle fibers to Gerdy’s tubercle and around it.** 2% 333

Its anterior part runs in a curved fashion to the lateral aspect of the patella and patellar tendon (so called iliopatellar

band).'* ?° 32 % The most posterior fibers of the superficial ITB reinforce the fascia of the biceps femoris muscle (Fig. 1).%*

3134 proximal to the femoral condyle, the posterior superficial ITB inserts into the linea aspera of the femur via the

intermuscular septum (Fig. 2).3" %

Middle and deep layer of the ITB
The middle layer of the ITB'is characterized by a different fiber alignment. While the fibers of the superficial ITB run in a
vertical direction from proximal to distal, the middle layer fibers of the ITB are aligned obliquely from lateral proximal to

medial distal.'> However, the superficial and middle layer of the ITB can only be separated by sharp dissection.™

The deep layer of the ITB lies in the posterior most part of the superficial ITB and originates distal to the termination of the

15, 20

lateral intermuscular septum. This layer extends distally deep to the superficial ITB and blends with it distal to the

15, 20

femoral epicondyle, reinforcing the superficial ITB. The so-called Kaplan fibers (Fig. 2) are part of the deep layer of

the ITB. The Kaplan fibers represent a distinct and firm supraepicondylar insertion of the ITB distal to the intermuscular

16.20.33 | obenhoffer et al.'® found in their dissection study different insertion patterns of these transverse fiber

septum.
bundles, which were present in 93% of the cases. In 70% of their dissections, these fibers were found to insert proximal

and anterior to the lateral femoral epicondyle. In 73% an additional insertion was observed on the dorsolateral femoral



shaft where the intermuscular septum terminates.™® It should be noted, that the Kaplan fibers are in close proximity to the
branches of the superior genicular artery.™® In fact, in patients with a rotatory knee trauma, hemorrhage in this area is
frequently evident on magnetic resonance imaging (Fig. 3). The part of the superficial and deep ITB between the Kaplan
fibers and the distal insertion on the proximal tibia form a functional unit that may contribute to rotatory knee stability. 16,32
Hassler and Jakob observed a tightening of this functional unit with the knee in flexion.* Lobenhoffer et al. found an
increase of up to 18% in the distance between the femoral and tibial insertions of this functional unit once the knee
becomes flexed. The highest distance was observed when the knee was flexed of about 60°.*® These findings have been
recently confirmed with a robotic study demonstrating that both the superficial and deep ITB contribute more than 70% in
resisting internal tibial rotation at 60° and 90° of knee flexion in an anterior cruciate ligament (ACL) intact and deficient
knee.™ In that study, the so-called capsulo-osseous layer of the ITB was considered as deep ITB.** However, several

articles have described this layer to be separate from the superficial and deep ITB.*>*" %

The capsulo-osseous layer of the ITB
First described by Terry et al.”®, the capsulo-osseous layer of the ITB (Fig. 2) is in its proximal part contiguous with the
fascia of the plantaris and lateral gastrocnemius muscles and inserts distally just posterior and slightly distal to Gerdy’s

15,16 Additionally, some proximal fibers insert in the area of the lateral femoral epicondyle.16 The capsulo-osseous

tubercle.
layer runs in the posterior aspect of the superficial ITB, merging with it distally.16 To better understand the topography of
the capsulo-osseous layer, it should be mentioned that the muscle fibers of the short head of the biceps femoris muscle

as well as its fascia insert to it laterally (so-called biceps-capsulo-osseous iliotibial tract confluence according to Terry et

al).3

The anterolateral capsule of the knee

As mentioned above, the lateral joint capsule has a complex architecture with the superficial and deep lamina being
confluent anterior to the LCL.? Hughston et al. distinguished in his descriptions between the anterior, middle and posterior
thirds of the lateral knee ligaments including the capsular Iigaments.35 The anterior third with its thin anterior capsular
ligament refers to the region between the patella and patellar tendon anteriorly and the anterior border of the superficial
ITB posteriorly. The middle third is in the area of the superficial ITB and the mid-third capsular ligament deep to it. This
mid-third capsular ligament has its origin on the lateral femoral epicondyle and distally at the tibial joint margin. The mid-
third capsular ligament attaches to the meniscus and forms therefore the meniscotibial and meniscofemoral Iigament.36
The meniscotibial and meniscofemoral portion of this capsular thickening have also been described as the coronary
ligament, formed by the deep lamina of the joint capsule.22 The posterior third of the lateral ligaments composed of the

arcuate complex with the LCL, the arcuate ligament and the popliteus tendon.*®



Description of the anterolateral ligament
Recently, the so-called anterolateral ligament has been a topic of an ongoing scientific debate."® Different authors using

the same nomenclature described its presence, morphology and insertions with conflicting findings.** ***"#3" Th

e
reasons for the diverging reports arise from the complexity of the lateral anatomy, fixation methods of the dissected
knees, as well as different dissection protocols. In 1950 the British anatomist R.J. Last described the lateral capsule as
the following: “In truth, there is at this part of the capsule such a complexity of fibers running in many directions that, by

1”*® Further, different nomenclature for the

artful dissection, almost any pattern desired by the dissector could be made
same structures contributed to additional confusion. For example, Lobenhoffer et al.”®, described the capsulo-osseous
layer according to Terry et al.”® as the retrograde fiber tract of the ITB, while Vieira et al.’ named this structure both the

anterolateral ligament and the capsulo-osseous layer.

In the study by Dodds et al. on fresh-frozen cadaveric knees, the authors describe the anterolateral ligament as an
extracapsular structure passing obliquely over the LCL without any attachments to the lateral meniscus. The femoral
attachment was found to be far posterior on the lateral femoral condyle without any distinct area of bony insertion but
adherence to the capsule. The tibial insertion has been described posteriorly to Gerdy’s tubercle.”* Another study pointed
out that the biceps femoris has to be removed in order to properly identify the posterior fibers of the anterolateral
Iigament.19 They found their anterolateral ligament to be similar as the description of Dodds et al.. However, a distinct
femoral bony insertion on the lateral femoral epicondyle or slightly proximal and posterior to it was described.™ Stijak et
al."” found these fibers to be a posterior continuation of the superficial ITB and concluded that this structure might be the
same as named by Terry et al." as the capsulo-osseous layer."” Considering the anatomic descriptions of the
anterolateral ligament in the articles mentioned in this paragraph as well as by Paul Segond in 1978%°, the authors are
most likely referring to the capsulo-osseous layer of the ITB.

Other descriptions of the anterolateral Iigamentll’ 17,18, 37

consider it a capsular ligament (Layer 3 according to Seebacher
et al.”) running obliquely from an area on the lateral femoral epicondyle to the proximal tibia posterior to Gerdy’s tubercle.
However, another study found, that this ligament can be delineated from the joint capsule.'® When interpreting these

findings, it must be mentioned that most of these studies used embalmed specimens'® *"*°

, in which a careful layer-by-
layer dissection becomes difficult. It is likely that the authors could not properly distinguish between the mid-third capsular
ligament and the distal part of the capsulo-osseous layer of the ITB. This is also evidenced by the fact that the described

extra-articular anterolateral ligament was found to have a firm attachment to the lateral meniscus.™® After reviewing the



literature of the anterolateral aspect of the knee, the likely conclusion is that the recently described anterolateral ligament

19,21 10, 17, 18, 37

refers either to the capsulo-osseous layer of the ITB or to the mid-third capsular ligament
Conclusion

The complex anatomy of the anterolateral aspect of the knee can be divided into three general layers. The central part of
this anatomy is the iliotibial band with its superficial, middle, deep, and capsulo-osseous layer. Further, in a subset of
specimens a capsular thickening (mid-third capsular ligament) can be observed. The ITB and its deeper layers, as well as

the mid-third capsular ligament, should be referred to collectively as the anterolateral capsular complex of the knee.



Figures

Figure 1

Fig. 1: Layer 1 is characterized by fascia cruris including the iliotibial band (ITB) and the fascia of the biceps muscle and
tendon (BT). The superficial ITB inserts on Gerdy’s tubercle (GT). At 90° of knee flexion the posterior fibers of the

superficial ITB become folded (black asterisks). The dotted arrows are highlighting the iliopatellar fibers of the ITB.



Figure 2:

Fig. 2: Posterior reflection of the ITB reveals the deep layers. The ITB has a firm attachment on the distal femoral
metaphysis (Kaplan fibers). The superior genicular vessels are in close proximity to these fibers (white arrowhead). The

black asterisks mark the capsulo-osseous layer of the ITB (A, B), which blends with it in its distal part (B).



Fig. 3: T2 weighted MRI of an anterior cruciate ligament injured patient. The white arrows indicate the hemorrhage deep

to the superficial ITB in the area where the Kaplan fibers insert.

References

1. Musahl V, Rahnemai-Azar AA, Costello J, et al.: The Influence of Meniscal and Anterolateral Capsular Injury on
Knee Laxity in Patients With Anterior Cruciate Ligament Injuries. Am J Sports Med 2016.

2. Musahl V, Citak M, O'Loughlin PF, Choi D, Bedi A, Pearle AD: The effect of medial versus lateral meniscectomy
on the stability of the anterior cruciate ligament-deficient knee. Am J Sports Med 2010;38:1591-1597.

3. Musahl V, Ayeni OR, Citak M, Irrgang JJ, Pearle AD, Wickiewicz TL: The influence of bony morphology on the
magnitude of the pivot shift. Knee Surg Sports Traumatol Arthrosc 2010;18:1232-1238.

4. Rahnemai-Azar AA, Abebe ES, Johnson P, et al.: Increased lateral tibial slope predicts high-grade rotatory knee

laxity pre-operatively in ACL reconstruction. Knee Surg Sports Traumatol Arthrosc 2016.



5. Tanaka M, Vyas D, Moloney G, Bedi A, Pearle AD, Musahl V: What does it take to have a high-grade pivot shift?
Knee Surg Sports Traumatol Arthrosc 2012;20:737-742.

6. Nitri M, Rasmussen MT, Williams BT, et al.: An In Vitro Robotic Assessment of the Anterolateral Ligament, Part 2:
Anterolateral Ligament Reconstruction Combined With Anterior Cruciate Ligament Reconstruction. Am J Sports Med
2016;44:593-601.

7. Parsons EM, Gee AO, Spiekerman C, Cavanagh PR: The biomechanical function of the anterolateral ligament of
the knee. Am J Sports Med 2015;43:669-674.

8. Bull AM, Earnshaw PH, Smith A, Katchburian MV, Hassan AN, Amis AA: Intraoperative measurement of knee
kinematics in reconstruction of the anterior cruciate ligament. J Bone Joint Surg Br 2002;84:1075-1081.

9. Herbort M, Lenschow S, Fu FH, Petersen W, Zantop T: ACL mismatch reconstructions: influence of different
tunnel placement strategies in single-bundle ACL reconstructions on the knee kinematics. Knee Surg Sports Traumatol
Arthrosc 2010;18:1551-1558.

10. Claes S, Vereecke E, Maes M, Victor J, Verdonk P, Bellemans J: Anatomy of the anterolateral ligament of the
knee. J Anat 2013;223:321-328.

11. Kennedy MI, Claes S, Fuso FA, et al.: The Anterolateral Ligament: An Anatomic, Radiographic, and
Biomechanical Analysis. Am J Sports Med 2015;43:1606-1615.

12. Rasmussen MT, Nitri M, Williams BT, et al.. An In Vitro Robotic Assessment of the Anterolateral Ligament, Part 1:
Secondary Role of the Anterolateral Ligament in the Setting of an Anterior Cruciate Ligament Injury. Am J Sports Med
2016;44:585-592.

13. Dombrowski ME, Costello JM, Ohashi B, et al.: Macroscopic anatomical, histological and magnetic resonance
imaging correlation of the lateral capsule of the knee. Knee Surg Sports Traumatol Arthrosc 2016;24:2854-2860.

14. Kittl C, EI-Daou H, Athwal KK, et al.: The Role of the Anterolateral Structures and the ACL in Controlling Laxity of
the Intact and ACL-Deficient Knee. Am J Sports Med 2016;44:345-354.

15. Terry GC, Hughston JC, Norwood LA: The anatomy of the iliopatellar band and iliotibial tract. Am J Sports Med
1986;14:39-45.

16. Lobenhoffer P, Posel P, Witt S, Piehler J, Wirth CJ: Distal femoral fixation of the iliotibial tract. Arch Orthop
Trauma Surg 1987;106:285-290.

17. Stijak L, Bumbasirevic M, Radonjic V, et al.: Anatomic description of the anterolateral ligament of the knee. Knee
Surg Sports Traumatol Arthrosc 2016;24:2083-2088.

18. Runer A, Birkmaier S, Pamminger M, et al.: The anterolateral ligament of the knee: A dissection study. Knee

2016;23:8-12.



19. Daggett M, Ockuly AC, Cullen M, et al.: Femoral Origin of the Anterolateral Ligament: An Anatomic Analysis.
Arthroscopy 2016;32:835-841.

20. Vieira EL, Vieira EA, da Silva RT, Berlfein PA, Abdalla RJ, Cohen M: An anatomic study of the iliotibial tract.
Arthroscopy 2007;23:269-274.

21. Dodds AL, Halewood C, Gupte CM, Williams A, Amis AA: The anterolateral ligament: Anatomy, length changes
and association with the Segond fracture. Bone Joint J 2014;96-B:325-331.

22. Seebacher JR, Inglis AE, Marshall JL, Warren RF: The structure of the posterolateral aspect of the knee. J Bone
Joint Surg Am 1982;64:536-541.

23. Last RJ, in Anatomy: Regional and Applied. New York: Churchill Livingstone, 1978, pp 157 - 169.

24, Taylor G, Bonney V: On the Homology and Morphology of the Popliteus Muscle: A Contribution to Comparative
Myology. J Anat Physiol 1905;40:34-50.

25. Eydeshymer AC, Schoemaker DM, in A Cross Section Anatomy. New York: Appleton-Century-Crofts, 1923, pp
88 - 91.

26. McDermott L: Development of the human knee joint. Archives of Surgery 1943;46:705 - 719.

27. Gray DJ, Gardner E: Prenatal development of the human knee and superior tibiofibular joints. Am J Anat
1950;86:235-287.

28. Gardner E, O'Rahilly R: The early development of the knee joint in staged human embryos. J Anat 1968;102:289-
299.

29. Merida-Velasco JA, Sanchez-Montesinos |, Espin-Ferra J, Merida-Velasco JR, Rodriguez-Vazquez JF, Jimenez-
Collado J: Development of the human knee joint ligaments. Anat Rec 1997;248:259-268.

30. Warren LF, Marshall JL: The supporting structures and layers on the medial side of the knee: an anatomical
analysis. J Bone Joint Surg Am 1979;61:56-62.

31. Merican AM, Amis AA: Anatomy of the lateral retinaculum of the knee. J Bone Joint Surg Br 2008;90:527-534.
32. Hassler H, Jakob RP: [On the cause of the anterolateral instability of the knee joint. A study on 20 cadaver knee
joints with special regard to the tractus iliotibialis (author's transl)]. Arch Orthop Trauma Surg 1981;98:45-50.

33. Kaplan EB: The iliotibial tract; clinical and morphological significance. J Bone Joint Surg Am 1958;40-A:817-832.
34. Terry GC, LaPrade RF: The biceps femoris muscle complex at the knee. Its anatomy and injury patterns
associated with acute anterolateral-anteromedial rotatory instability. Am J Sports Med 1996;24:2-8.

35. Hughston JC, Andrews JR, Cross MJ, Moschi A: Classification of knee ligament instabilities. Part Il. The lateral
compartment. J Bone Joint Surg Am 1976;58:173-179.

36. Hughston JC, Andrews JR, Cross MJ, Moschi A: Classification of knee ligament instabilities. Part I. The medial

compartment and cruciate ligaments. J Bone Joint Surg Am 1976;58:159-172.



37. Vincent JP, Magnussen RA, Gezmez F, et al.: The anterolateral ligament of the human knee: an anatomic and
histologic study. Knee Surg Sports Traumatol Arthrosc 2012;20:147-152.

38. Last R: The popliteus muscle and the lateral meniscus. Bone & Joint Journal 1950;32:93-99.

39. Segond P: Recherches cliniques et expérimentales sur les épanchements sanguins du genou par entorse: Aux

Bureaux du Progreés médical, 1879.





