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FIG. 15.2. A comparison of the medial and lateral femoral
condyles shows that the lateral condyle is broader in the
transverse plane. (Reprinted with permission from ref. 16.)

whereby the tibia subtly rotates externally on the femur
slightly as the knee comes into full extension (234). Be-
tween the femoral condyles distally is a recessed area
referred to as the intercondylar notch where the cruciate
ligaments attach. The intercondylar notch size, width, and
shape forms in relation to the size of the ACL. If the
ligament is small, the notch will accordingly be small.
On the tibial surface opposing the notch are two raised
areas known as the medial and lateral tibial spines or
eminences. These spines reduce rotational forces and
serve as anatomic landmarks for the surgeon.

The tibia also serves as the insertion point of multiple
muscles and ligaments that control knee function. These
structures include: the tibial tubercle for the patellar ten-
don/ligament; Gerdy’s tubercle—for the iliotibial tract;
and the proximal fibula—for biceps femoris and lateral
collateral ligament.

The patella is a sesamoid bone that functions as a ful-
crum to improve the efficiency of the quadriceps mecha-
nism. The undersurface of the patella consists of the fol-
lowing facets: medial, lateral, odd, and nonarticulating
(77) (Fig. 15.3). The patella functions to increase the
lever arm of the quadriceps and to shield and protect the
femoral condyles. The articulating surface is covered with
the thickest layer of hyaline cartilage in the body. Patellar

— SUPERIOR FACET
MEDIAL FACET
LATERAL FACET
ODD FACET
INFERIOR

NONARTICULAR FACET

FIG. 15.3. Patellar articular surface consists of odd, medial,
and lateral facets. Superior and inferior nonarticular facets
are shown.
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FIG. 15.4. Variations in patella form considered dysplastic.
(Reprinted with permission from ref. 77.)

stability is enhanced by a deeper trochlear groove, less

valgus alignment, and quadriceps balance between the
vastus lateralis and vastus medialis obliquus. Wiberg and
Baumgartl have described seven different types of patellar
shape depth of the sulcus, including Baumgartl, Wiberg
III, Alpine hunter’s cap, Pebble, Half-moon, Patella
magna, and Patella parva (Fig. 15.4) (19,221,253).

Patellar contact increases and moves more proximally
throughout knee flexion. Early flexion at 30 degrees has
contact at the superior trochlear groove (1) (Fig. 15.5).
Also, with increasing knee flexion angle, there is in-
creased tension in the quadriceps and patellar tendon
(32,77,97). Excessive lateral pressure will cause a bony
response with direct radiologic signs (77) (Fig. 15.6A).
Patients with excessive lateral patellar syndrome (ELPS)
have a very long patellar facet, an acute osteopenic medial
patellar facet, and a long, flattened lateral trochlear
groove. The result is thickening of the patellar subchon-
dral plate, increased density of the lateral facet and cancel-
lous bone, and lateralization of trabecula (see Fig. 15.6B).
More localized problems of ELPS are lateral retinacular
fibrosis and calcification, lateral osteophyte of the patella
and sometime matching osteophyte of the femur, lateral
facet hyperplasia and medial side hypoplasia.

FIG 15.5. Patellofemoral contact areas are shaded at 0, 30,
60, 90, 120 degrees flexion in this right-knee diagram. Femur
(lateral to left and medial to right) and patella (/ateral to right
and medial to leff) are shown. (Reprinted with permission
from ref. 1.)
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1 Thickening of subchondral plate

2 Increased density of lateral
facet cancellous bone

3 Lateralization of trabeculae
4 Medial facet osteoporosis
5 Hypoplasia, lateral condyte

1 Fibrosis of lateral retinaculum

2 Calcification of lateral
retinaculum

3 Lateral osteophyte
4 Bipartite patella’

7 \hypoplasia

The Extensor Mechanism

The quadriceps muscle group originates from the proxi-
mal fermur and anterior hip capsule/pelvis. Muscular com-
ponents include the rectus femoris, vastus lateralis, vastus
intermedius, vastus medialis, and vastus medialis obli-
quus (VMO). The rectus femoris crosses the hip and knee
joint, acting in hip flexion and knee extension. During a
normal gait cycle, momentum and gravity actually allow
for knee extension during the swing phase without sig-
nificant quadriceps activity. The quadriceps eccentrically
decelerates the flexed knee following heel strike (147).
Walking creates patellofemoral force of one-half body
weight, stair climbing 3.3 times body weight and with
activities such as landing, forces approach seven to eight
times body weight (208).

The four quadriceps muscles blend together in the distal
thigh to form the quadriceps tendon, which subsequently
envelops the patella. Two subspecialized portions of the
quadriceps arise distally. The articularis genu comes from
the deep vastus medialis and serves to retract the suprapa-
tellar pouch from beneath the patella during extension.
Although the vastus medialis obliquus (VMO) does not
provide extension force, it stabilizes the patella medially
(146). The VMO inserts on the proximal half of the me-
dial patella at a 65-degree angle from its origin on the
intermuscular septum and adductor magnus (Fig. 15.7).
The appearance of the VMO reflects the overall health of
the quadriceps. With its thinner fascia, the VMO is the
first muscle to atrophy with injury and the last to return
with full recovery.

The various anatomic structures in the knee act in con-
cert. No one structure performs a particular function by

5 Lateral facet hyperplasia
6 /Medial compartment

FIG. 15.6. A. Indirect radiologic signs of exces-
sive lateral pressure. B. Indirect radiologic signs
of excessive lateral ligamentous tension. (Re-
printed with permission from ref. 77.)

itself. The terminal 15 degrees of knee extension requires
60% more force by the quads than is needed up to that
point; however, when the VMO effectively centers the
patella, this force is decreased by 13% (146). Electromyo-
graphic (EMG) analysis has confirmed the medialization
role of the VMO (147,159,207). Medially and laterally
the extensor mechanism is stabilized by sheets of ex-
panded fascia called the ‘‘retinaculum.”’

The quadriceps tendon/expansion narrows considerably

Vastus
1at?rali§ Vastus
30%-40 medialis
50°
Vastus
medialis
obliquus

65°

FIG. 15.7. Various muscular elements of the quadriceps.
Different portions attach at different angles to the long axis
of the thigh, creating various vectors of force. (Reprinted
with permission from ref. 57.)



as it traverses the patella, tapering into the patellar tendon
or more correctly a “‘ligament’” in that it connects bone
to bone. The average patellar tendon is between 30 to
40 mm in width and 40 to 50 mm in length.

Biomechanics

The knee joint functions to absorb the shock of weight
bearing, and maintain the height of the body’s center of
gravity along a gentle, sinusoidal line. As the link between
hip and ankle, the knee possesses great flexibility and
durability, and protects the important neurovascular struc-
tures of the limb while transmitting them from the thigh
to the foot.

The bony anatomy of the knee provides very little in-
herent stability. Of the three rotational and three transla-
tional degrees of freedom that the knee joint is subject
to, only rotation in the coronal plane and translation verti-
cally are significantly limited by the bony anatomy of the
knee (23,67,89,181) (Fig. 15.8).

The movements about the knee are around three
planes—axial, coronal, and sagittal. The movements in
the axial plane are rotational—internal (compression) and
external (distraction); in the coronal plane, movements
are flexion and extension; and in the sagittal plane, move-
ments are adduction (varus) and abduction (valgus). To
stabilize the knee in all other planes and directions, the
knee depends on its capsule, menisci, ligaments, and mus-
cle tendons. Although the patellofemoral joint contains
some inherent stability relating to the depth of the patello-
femoral groove, the height of the median ridge of
the patella and lateral femoral condyle, it too depends
on musculotendinous units, ligaments, and capsule for
stability.

Ligaments and Capsule

The bony anatomy of the knee joint does provide
some static stability to the knee, especially in extension,
whereas the muscle groups (quads, hamstrings, gastroc-
soleus) crossing the knee lend dynamic control. How-
ever, the four major ligaments of the knee are of utmost
importance in maintaining knee kinematics throughout
the vigorous acts of running, cutting, pivoting, and trav-
eling on inclined surfaces. The functions of the liga-
ments are integrated and interdependent. Stability must
exist in extension allowing a solid platform, yet great
flexibility and rotational capacity must occur to dissi-
pate anterotibial-directed tibial kinetic energy when
“‘cutting’’ and shifting body momentum. The structures
of the knee will be divided into sections: medial side
(29,88,125,148,217), lateral side (86,88,223,242,243,
247), menisci (135), and the cruciate ligaments—ante-
rior (52,83), and posterior (34,45,57a,90).
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FIG. 15.8. A six-degrees-of-freedom model illustrates all
possible rotations and translations about the knee. (Re-
printed with permission from ref. 16.)

{compression)

The Medial Side of the Knee

It is helpful to think of the medial anatomy in three
“‘layers’’ —discussing the various structures in relation
to their depths (251) (Fig. 15.9). The most superficial
layer (layer 1) contains the deep or crural fascia of the
leg and the pes anserinus. In layer 2 are the superficial
medial collateral ligament (SMCL), vertical fibers of the
superficial medial collateral ligament, which have been
termed the posterior oblique ligament. Layer 3 is the knee-
joint capsule, deep medial ligament, and oblique popliteal
ligament (98,104,217,251). The pes anserine tendon con-
sists of three tendons shaped as a ‘‘goose’s foot.”” It in-
serts into the tibia 3 cm. distal to the joint over the super-
ficial tibial collateral ligament (Fig. 15.10). Each
contributing muscle is innervated differently (sartorius—
extensor group/femoral nerve; gracilis—adductors/obtu-
rator nerve; semitendinosus—hamstrings/sciatic nerve).
The pes anserine serves to rotate the tibia internally and
flex the knee. The sartorius, also known as the tailor’s
muscle, is the longest muscle in the body. The semimem-
branosus has multiple insertions onto the posterior tibia






niscofemoral ligaments (Fig. 15.12). The ‘‘menisco-fem-
oral ligament’’ is more stout and especially thick in the
region just deep to the tibial collateral ligament.

The Lateral Side of the Knee

Excellent descriptions of the lateral structures have
been published (45,86,90,223,242,243). Correlation of in-
jured structures to physical exam and injury mechanism
is often helpful (57,104,175,247).

The iliotibial band (ITB) originates at the pelvis with
contribution from gluteus maximus and tensor fascia latae.

The iliotibial band is a fascial covering attaching to the -

lateral intermuscular septum at the level of the lateral femo-
ral condyle, running over the lateral femoral epicondyle
and blending anteriorly with the lateral patellar retinacu-
lum. The iliotibial tract tapers distally, converging to insert
on the proximal tibia at Gerdy’s tubercle. Primarily a static
stabilizer, some dynamic function occurs because of its
proximal muscular connections. The biceps femoris inserts
primarily at the fibular head, but also sends fibers to the
posterolateral tibia, the joint capsule, and the iliotibial tract
(Fig. 15.13). Both resist posterolateral tibial rotation.

The lateral side of the knee is also described in three
layers (86,175,223,247) (Fig. 15.14). Layer 1 consists of
the iliotibial tract, and deep fascia of the thigh and calf.
The biceps expansion and lateral insertion sites are also
in this most superficial layer. The peroneal nerve is poste-
rior to the biceps and classified in a knee layer. Layer 2
is formed by the quadriceps retinaculum confluent with
the patella and the two patellofemoral ligaments. Layer
3, the deepest layer, is comprised of the lateral collateral

Meniscofemoral
lig.

Tibial
collateral fig.

Medial
meniscus

)ﬁs 7 )
A

FIG. 15.12. The medial ligaments of the knee: anteroposte-
rior view. (Reprinted with permission from ref. 16.)

Meniscotibial fig.
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FIG. 15.13. Line drawing of the anatomy of the superficial
portion of the lateral retinaculum and iliotibial tract of the
knee. (Reprinted with permission from Greenleaf JE. The
anatomy and biomechanics of the lateral aspect of the knee,
Operative Tech Sports Med 1996;4(3):141))

ligament (LCL), lateral capsule, fabellofibular ligament,
short lateral ligament, lateral head of the gastrocnemius,
popliteus tendon and coronary ligament, and the arcuate
ligament. The Y-shaped arcuate ligament has two
limbs-—medial from proximal capsule to popliteus termi-
nating in the oblique popliteal ligament and lateral from
the posterior capsule to popliteus and fibular head. The
LCL is a well-defined, pencil-shaped structure originating
from the lateral epicondyle of the femur, inserting onto
the fibular head. The L.CL is tight in extension but relaxes
in flexion. The arcuate complex is a triangular sheet of
fibers diverging from the fibular head—the stronger lat-
eral limb courses obliquely to the posterior femur, while
the weaker medial limb attaches to the tibia posteriorly,
crossing over the belly of the popliteus muscle. The fabel-
lofibular complex is somewhat variable, arising from the
fabella (itself variably present) on the deep aspect of the
lateral head of the gastrocnemius muscle.

Recent interest in posterolateral knee instabilities has
sparked a number of anatomic studies of the complex
anatomy in this region (45,247). The posterolateral corner
anatomy is key to understanding complex knee instabili-
ties (223) (Fig. 15.15). Compared to the medial capsule,
there is no distinct thickening of the capsule and less
meniscal attachment. The lateral meniscus is much more
mobile. An intraarticular structure, the popliteus tendon
varies in its attachment to the meniscus and is a landmark
for arthroscopic orientation much like the biceps of the
shoulder. The popliteus originates on the tibia and inserts
on the femur, which is opposite from all other muscles
with origins proximal and insertions distal. The popliteus
attaches to the distal and posterior aspect of the lateral
condyle, and courses obliquely through an opening be-






tween the lateral meniscus and the capsule. Fibers may
originate from the posterior meniscus and fibula. The pop-
liteus functions to stabilize the posterolateral corner in
flexion and govern the movement of the lateral meniscus.

Menisci

The menisci are semicircular fibrocartilaginous struc-
tures between the tibia and the femur (16,146). Meniscal
shapes and attachments to PCL and medial capsule are
shown by bird’s eye view (Fig. 15.16). The functions of
the menisci are to increase conformity and transfer
stresses between tibia and femur, increase stability, pro-
vide shock absorption and cartilage nutrition, and reduce
articular cartilage wear (248). The importance of load
transmission has been demonstrated in follow-up in pa-
tients who have had an arthrotomy and total meniscec-
tomy (63,230,239). Following subtotal medial meniscec-
tomy, radiographs show progressive joint narrowing,
sclerosis and progressive varus deformity over time. In
the ACL deficient knee, the medial meniscus does provide
stability. The medial meniscus reduces anterior displace-
ment of the tibia on the femur (64). The lateral meniscus
covers a large portion of the lateral compartments. Menis-
cectomy changes these forces (127).

Made of type I collagen and fibrocartilage, the menisci
are wedge-shaped in cross section and wider at the periph-
ery, which allows the curved femoral surface to better
conform to the flat tibia. The menisci are not rigidly fixed
to the tibia, which allows them to conform to the different
surfaces and varying radius of curvature of the femoral
surfaces at varying angles of flexion (12).
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The medial meniscus is more tightly attached than the
lateral meniscus, which may be a factor in the increased
incidence of isolated medial meniscus tears. It is “‘C”’
shaped and covers the concave plateau. The lateral menis-
cus is more oval or ‘0’ or ““U’’ shaped and covers a
larger area of the more convex lateral plateau. The lateral
meniscus is more mobile with less peripheral attachment
and variable anatomy at the popliteus hiatus.

The primary nutrition for the menisci comes from the
synovial fluid by diffusion. The cyclical compression and
decompression of the meniscal fibrocartilage causes the
synovial fluid to flow in and out of the meniscus. Periph-
eral vascularity is present only in the outer 25% to 30%
-of the meniscus (12). Blood supply is from the periphery
through the medial and lateral geniculate arteries, which
supply radial branches from the capsule. In fetal develop-
ment, the blood supply extends more centrally but with
aging is peripheral only. Therefore, only tears in the pe-
ripheral third or vascular red/white junction are most ame-
nable to surgical repair.

Cruciate Ligaments

Crossing in the intercondylar notch, the anterior cruci-
ate ligament (ACL) and posterior cruciate ligament (PCL)
are intraarticular and extrasynovial. The tibial and femoral
attachments of the ACL and PCL are important for under-
standing function and principles of surgical reconstruc-
tion. The ACL and PCL attachment points on the tibia
and femur have been well described by Girgis (81). The
ACL 1is divided into two bundles based on location on
the tibia, the anterior medial bundle (A-A’) and posterior

FUNCTIONAL KNEE ANATOMY

Medial capsular
lig., anterior third

Medial capsular
lig., middle third
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FIG. 15.16. An overhead view of the menisci shows the ligamentous attachment by the transverse
ligament and the ligaments of Humphrey and Wrisberg. (Reprinted with permission from ref. 16.)
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lateral bundle (B-B'). In extension, the intraarticular
length is 30 mm and attachment on the femur is in a
4 X 23 mm area, just 4 mm anterior to the posterior wall
of the lateral femur. Both bundles are tight in extension
(Fig. 15.17A) but only the anteromedial bundle is tight
in flexion (see Fig. 15.17B).

The PCL is much broader than the ACL, attaches on
the tibia in an ‘‘over-the-bottom’’ position 13 mm below
the articular level on the posterior tibia in the fovea. Bun-
dles have been described based on naming attachments
on the tibia and the femur. Girgis described the attach-
ments on the tibia as the anterior or bulk bundle, the
small or posterior bundle, and ligaments of Humphrey
and Wrisberg (see Fig. 15.17C,D). In extension, the small
bundle is taut and the bulk bundle is loose. The bulk of

FIG. 15.17. A,B. Schematic drawing representing changes
in the shape and tension of the anterior cruciate components
in extension and flexion. In flexion lengthening of small me-
dial band (A-A") and shortening of the bulk of the ligament
(B-B'). C,D: Schematic drawing representing changes in
the shape and tension of the posterior cruciate components
in extension and flexion. In fiexion lengthening of the bulk
of the ligament (B-B’) and shortening of small band (A-A").
C-C’ is the ligament of Humphrey attached to the lateral
meniscus. (Reprinted with permission from ref. 81.)

FIG. 15.18. The four-bar cruciate linkage model. The model
includes two crossed bars, which represent the anterior and
posterior cruciate ligaments (ACL;PCL.). The remaining two
bars represent the tibial and femoral attachments of the liga-
ments. IC, instantaneous center of joint rotation. (Reprinted
with permission from Hefzy MS, Grood ES. Review of knee
models. Appl Mech Rev 188;41:1-13.)

the PCL is loose in extension and becomes tight at 30
degrees flexion (see Fig. 15.17C). Newer anatomic defi-
nitions label the bands off of the femur. The PCL attach-
ment to the femur measures 30 mm (81,90). The bands
based on names from the femur are anterolateral and pos-
teromedial. The posteromedial band tightens in knee ex-
tension, and the anterolateral band tightens in knee

FIG. 15.19. The circular paths of motion of the anterior cru-
ciate ligament are indicated by solid lines. The smaller circle
is traced out by the shorter posterior cruciate ligament, and
the larger circle by the longer anterior cruciate. The broken
lines show the paths of the anterior and posterior edges of
the medial collateral ligament and indicate a smaller circle
for the fibers that insert anteriorly on the tibia and a larger
circle for those that insert posteriorly. (Reprinted with permis-
sion from ref. 175.)
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FIG. 37. A: Apley’s compression test is performed with the patient prone, applying axial load and
external rotation, while palpating the medial joint line. B: Palpation of the medial joint line while loading
the foot in external rotation. Distraction tests will help identify more capsular and medial collateral
ligament sprains by stabilizing the thigh and pulling up on the foot and palpating the ligament.

FIG. 15.38. While supine, any excessive
rotation of the feet or an asymmetry will
identify posterolateral corner injury.
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TABLE 15.2 NCAA injury rates: ACL, meniscus

0.5

0.4

0.3

0.2

0.1

Gymnastics Basketball ~ Soccer Football

Women's Women's Women's  Spring Football ~ Wresting ~ Men's  Women's
Lacrosse  Lacrosse

ACL

Men’s Men’s Men's Women'’s Ice Women's  Women's  Baseball

Soccer  Gymnastics Basketball Volleyhall  Hockey Softhall Field
Hockey

Average injury rates per 1,000 athietic exposures, 1993-1994 through 1995-1996 seasons.
Data from NCAA Injury Surveillance System. Graphic © 1997, Mary Lioyd Ireland, M.D.

women’s gymnastics (41), women’s basketball (.33),
women’s soccer (.32), spring football (.28), football (.17),
and wrestling (.17). The top five sports rates for meniscal
injury were wrestling (.44), women’s gymnastics (.34),
women’s soccer (.34), spring football (.33), women’s bas-
ketball (.30) (176). An NCAA study comparing men’s and
women’s soccer and basketball divided the mechanism of
contact, noncontact, collision of ACL injuries over five
years, 1989 to 1993. The ACL injury rate in women was
4.1 times greater in basketball and 2.4 times greater in
soccer compared with men (11).

Three high school level epidemiology studies from the
San Antonio area have been done for the three sports of
girls” basketball, boys’ basketball, and boys’ football. The
need for knee surgery was greater and injury rates greater
in girls’ basketball than boys’ football or boys’ basket-
ball (26,56,82,83,109,116,265) (personal communica-
tion— Del.ee J).

An assessment of knee injuries was performed at the
Olympic Trials in 1988 (109). Eighty male and 64 fe-
male elite athletes tried out for the U.S. team. Female
athletes had a statistically significant increase in both
knee injuries and the need for surgery in comparison
to their male counterparts. Twenty female athletes un-
derwent 25 knee surgeries with 13 of the surgeries be-

ing for the ACL. Six male athletes underwent six knee
surgeries with three of the surgeries being for the ACL.
Other operative findings are shown (Table 15.3). Male
and female injury rates in the military are equalizing
(47). Injury rates of the knee comparing genders have
been published for flag football (42), basketball (11,82,

TABLE 15.3. Injuries sustained during 1988 Olympic
basketball trial

Parameter Males Females Total

Number of participants 80 64 144
Athletes with knee injuries 11° 34 45

ACL injuries 3 13 16
Number of athletes requiring

surgery 6° 20 26
Number of procedures 6 25 31
Type of procedure

Arthroscopy 3 17 20

ACL reconstruction 3 8 11

a Statistically significant p < 0.0001.

b Statistically significant p < 0.0007.

Abbreviations and symbois: ACL, anterior cruciate liga-
ment; ®? indicate a statistically significant difference between
male and female athletes (? = p < 0.0001, ® p < 0.0007).

Reprinted with permission from Adis International Limited,
Auckland, New Zealand.
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83,91,116,156,176,266), and other sports (56,252).
Comparisons of many sports with regard to injuries and
contributing factors have been explored (55,87,
107,117,205) (Fig. 15.40).

Anatomical differences between males and females
may contribute to increased ACL injury rates. Differ-
ences can be divided into intrinsic—nonchangeable,
extrinsic—changeable, or combinations of both. Align-
ment factors are intrinsic and not significantly change-
able. The female lower extremity alignment typically
has a wider pelvis, increased femoral anteversion, genu
valgus, narrower notch, and external tibial torsion rela-
tive to the increased femoral internal rotation, and pro-
nation (see Fig. 15.40A). This compares to the male

alignment typically shown with a narrow pelvis, wider —

notch, neutral or varus knee, and internal or neutral
tibial torsion (see Fig. 15.40B). From the muscular
standpoint, the female has less muscular development,
less developed vastus medialis obliquus, increased
flexibility and hyperextension in valgus (see Fig.

Femoral anteversion

increased flexibility/ Narrow notch

hyperextension

Genu valgum External tibial torsion

15.40A) compared to the male with more developed
thigh musculature, tight hamstrings, less overal] flexi-
bility and genu varum (see Fig. 15.40B). With mal.
alignment, injury to the retinacular nerve has been doc.
umented histologically (72).

Intrinsic or not changeable differences are physio-
logic rotatory laxity, the size of the ACL, alignment,
and hormonal influences. Extrinsic or potentially cop-
trollable factors include strength, conditioning, motiva-
tion, and shoe choices. Other factors include skill, coor-
dination, position sense, neuromuscular firing order,
and patterns-order of activation (119,120).

Differences in females that have been reported as a
possible contributing factor in ACL injuries include
later firing of the hamstrings and a different order of
muscle component activation with quadriceps activity
(108,109,119,120,149,150,260). Fatigue has also been
shown to change the forces across the joints (43,189).

Measurement of the width of the notch is done rou-
tinely. The ratio of notch width at the popliteal hiatus

.- Narrower pelvis

More developed __
thigh musculature

VMQ hypertrophy
'\
Wider notch

Less flexibility

Internal or neutral

Genu varum tibial torsion

B’

FIG. 15.40. A: Lower extremity anatomic alignment in female, showing wider pelvis, femoral antever-
sion, internal rotation, narrow femoral notch, genu valgum, less muscular development, increased
flexibility, hyperextension, external tibial torsion, and pronated foot. B: Male lower exiremity alignment
is diagrammed with narrow pelvis, more developed thigh musculature, vastus medialis obliquus (VMO)
hypertrophy, less flexibility, neutral genu varum, a wider femoral notch, and internal or neutral tibial

torsion. (Reprinted with permission from ref. 69.)









THE KNEE / 375

TABLE 15.4 Classification of knee instabilities: rotatory, straight, or combined

Section 1. Anteromedial rotatory instabilities (AMRI)

Involved anat.

Diagnosis Diagram structure Physical findings Mechanism and forces
1+ PMC 1+ ADiInER Contact:
Lateral
Force:
Valgus
PMC i+ ADin ER Contact:
SMCL 1+ — 2 + Valgus 30° Lateral
Anterior
Forces:
Valgus
Extension
Tibia ER
PMC 3+ ADInER Contact:
SMCL 2+ ADinN Lateral
ACL 2+ Valgus 30° Forces:
Valgus
Extension
Tibia ER
PMC 3+ ADInER Contact:
ACL 2+ ADin NR Lateral
PLC 2+ Valgus at 30° Forces:
1+ Recurvatum Valgus
1+ PS Rotation
Extension

ACL
Lateral Capsule

+ AD in N and Tibial IR
PS

Noncontact Forces:
Rotation
Foot Planted

ACL + AD Noncontact or Contact:
LCL + 1R Medial
PLC + Lachman Forces:
+ PS Varus
1+ Varus 30° Extension
Tibia IR
Section 4. Straight posterior
Posterior : PCL PD 90° Contact:
+ Humphrey Neutral Proximal
+ Wrisberg Anterior Tibia
Force:
Posterior on Tibia Flexed
or Hyperextension
Section 5. Posterolateral rotatory instabilities (PLRI)
1+ ! LCL ERR Contact:
PLC 2—3+ ADD at 30° Mediat
PD Most 30° Forces:
PLD 1+ Varus
RPS Extension

ER at 30° and 90°






Flexion —____

Internai

Rotation ~_

Genu Valgum
Flexion

External
Rotation

Pronation

FIG. 15.43. By videotape analysis this diagram shows the
position of no return for the anterior cruciate ligament
(ACL). The lower extremity position is one of body forward
flexion, hip adduction, internal rotation, 20—30 degrees
knee flexion, external rotation of the tibia and forefoot pro-
nation. The knee will bucklie, the patient is usually falling
forward and toward the opposite side in a rapid distai de-
celeration mechanism.

oblique ligament, and lateral collateral ligament; this pat-
tern of injury produces severe posterolateral rotatory in-
stability, posterior drawer, and varus instability (see Table
15.4). Combined instabilities, particularly involving a
complete tear of the PCL and capsular injury necessitate
early surgical intervention, including ACL/PCL recon-
structions and capsular repair.

Repeated exams for posterolateral rotatory instability
should be meticulously performed (100) (see Table 15.4,
Section 5). If the posterolateral corner and PCL are torn,
acute repair of the posterolateral complex and PCL recon-
struction or repair is indicated (see Table 15.4, Section 5,
2+,3+). Combined anterolateral rotatory instability and
posterolateral rotatory instability also occurs (see Table
15.4, Section 6).

Straight instabilities are less common but do occur.
With a medial blow severe straight lateral instability
involves the lateral structures, ACL, and PCL (Table
15.4, Section 7). One must assess the peroneal nerve
function. The posteromedial corner can rarely be in-
jured in an isolated way. Because of the axis of the
femur and the anatomy present, there is no true postero-
medial rotatory instability (99). A consistent communi-
cation language regarding knee injuries by degrees of
instability for treatment and follow-up purposes is
necessary.
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Ligament Rating Scales/OQutcomes

Numerous knee ligament rating scales have been devel-
oped by many authors. These have been frequently re-
vised, indicating the lack of overall acceptance of any
single rating instrument (4,84,92,116,132,138,153,154,
180,182,184,186,199,226,241,250).

Outcome studies to assess knee ligament injuries
treated operatively and nonoperatively are done by both
subjective and objective measurements and most in-
clude a detailed patient questionnaire (unpublished
data, N. Mohtadi University of Calgary, Alberta, Can-
ada). Objectively, it is very important to have a standard
classification so multicenter studies can be done. Com-
parisons of these knee-rating scales have been done
(7,8,153,154,180,182,225,241). Prospective outcome
studies on the ACL-injured patient have been published
(53). This study does not support patients with ACL
reconstruction having improved activity level and less
arthritis. In this study, patients who underwent ACL
reconstruction did not increase their activity level and
developed arthritis.

PHYSICAL EXAMINATION
Abnormal Signs

A good physical exam should correlate the injured
structures to the resultant instability patterns. The most
painful test should be performed last. If ligaments are
injured distraction forces cause pain. Compression
causes pain if there is meniscal or articular surface
injury.

Alignment

The line drawings compare normal (Fig. 15.44A) and
‘“‘miserable malalignment’’ (see Fig. 15.44B) (117).
Normal patella alignment is a Q angle measured from
the anterior superior iliac spine to the center of the
patella to the tibial tubercle of less than 15 degrees.
Normal muscular activity with a well-developed vastus
medialis obliquus creates forces to medialize the pa-
tella, resulting in central tracking (see Fig. 15.44A).
Miserable malalignment syndrome with increased fem-
oral anteversion, excessive Q angle, genu valgum, ex-
ternal tibial torsion, and foot pronation may result in
lateral patellar subluxation (see Fig. 15.44B). Also seen
with these patients is overall quadriceps weakness and
VMO dysplasia. This male football athlete demon-
strates excellent quadriceps development with hyper-
trophic vastus medialis, vastus lateralis, 10 degrees Q
angle and straight alignment (Fig. 15.45). Another ex-
ample is a cheerleader with rotational malalignment
with relatively straight varus/valgus alignment but sig-
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TABLE 15.5. Differential diagnosis: anterior knee pain

Mechanical Inflammatory Other
Repetitive Microtraumatic Bursitis Referred Pain
* Patella » Prepatellar e Lumbar Disk Hermiation
Stability e Retropatellar e Others
Subluxation Semimembranosus Reflex Sympathetic Dystrophy
Dislocation Pes Anserinus Tumors
Tilt Tendinitis ¢ Benign
Rotation * Quadriceps Patella e Malignant
Malalignment ¢ Pes Anserinus
Fracture ¢ Semimembranosus
Stress Pigmented Villonodular Synovitis
Bipartite Neuromata/Retinacular Pain

Fibrous Union
Acute Fracture
Pathologic Medial Plica
Patellofemoral Stress Syndrome
Osteochondral Fracture
Trochlear Groove
Patella
e | oose Bodies
Cartilaginous
Osteochondral
e Osteochondritis Dissecans
Patella
Trochlear Groove
Skeletally Immature
Osgood-Schlatter’s Disease

Sinding-Larsen-Johansson Syndrome

Acute Macrotraumatic Injury
e Extensor Mechanism Disruption
Quadriceps Rupture
Patellar Tendon Rupture
Inferior Avulsion Fracture
Interstitial
Skeletally Immature
Tibial Tubercle Fracture
* Pateilar Fracture
Transverse
Displaced/Nondisplaced
Comminuted

Arthritis
e Osteo
-~ Rheumatoid
e Psoriatic
e Others
Syndromes
s Reiter's

Status Post ACL Reconstruction with Central Third Patellar

Tendon Bone

“
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OVERUSE CONDITIONS

These entities to be discussed include patellar tendini-
tis, disruption of the extensor mechanism, quadriceps and
patellar tendon ruptures, tibial tubercle avulsion, patellar
fractures, bipartite patella, patellar instability, patellar
subluxation, and patellar dislocation. A variety of overuse
conditions from repetitive microtrauma can cause local-
ized anterior knee pain. ’

Patellar Tendinitis

The patellar tendon transmits the combined forces of

the ground reaction force proximally and the quadriceps -

muscle force distally. Repetitive loads can lead to in-
flammation and irritation at the proximal insertion of the
tendon onto the patella (jumper’s knee) or inflammation
or degeneration of the tendon in its mid-substance. An
association between patellar height and patellar tendinitis
has been debated (65,264). Magnetic resonance imaging
(MRI), however, can show focal inflammation and degen-
eration and provide a more complete delineation of the
extent of the pathologic process.

Treatment is generally conservative but may be pro-
longed because of the resistant nature of the condition.
The extent of treatment can be based on the level and
degree of the patient’s complaints (25). Does the athlete
have pain during and/or following performance of his or
her sport? Does it affect his or her ability to perform at
a satisfactory level? The earliest phase can respond to
eccentric quadriceps rehabilitation, hamstring stretching,
ice massage, deep friction massage, antiinfiammatory
medications and a knee support with patellar tendon strap-
ping or taping. If complaints have existed for an extended
period of time or the athlete is having pain during the
performance of his or her sport, reduced activity, extended
rehabilitation, and additional therapeutic modalities are
in order. Altering the athlete’s activity to decrease the
axial loading while maintaining cardiovascular fitness can
be very beneficial during the period of therapeutic inter-
vention (50). Others have emphasized the importance of
rehabilitating the entire lower extremity, including hip
muscles and the ankle dorsifiexors and invertors (24,238).

A steroid injection is not performed in most cases be-
cause of the risk of partial or complete rupture of the
patellar tendon. In athletes not responding to a lengthy
course of conservative treatment, surgical debridement of
the necrotic site of the tendon with drilling of the patella
to increase vascularity to the area can provide relief. Other
authors would suggest a diagnostic arthroscopy prior to
proceeding with patellar tendon debridement (249).

In the skeletally immature athlete, the transmitted
loads can lead to a traction apophysitis of the distal pole
of the patella (Sinding-Larsen-Johannson syndrome) or
the tibial tubercle (Osgood-Schlatter’s syndrome) (194).

This gymnast had point tenderness at the inferior pole
of the patella. Lateral radiograph shows elongation of
the periosteal sleeve and sclerosis indicating Sinding-
Larsen-Johansson syndrome (Fig. 15.51). Radiographi-
cally, in Osgood-Schlatter’s disease there is frag-
mentation or separation of the tibial tubercle apophysis.
Clinically, OSD is seen with a prominence of the bursa
and tibial tubercle (Fig. 15.52). These conditions repre-
sent a growth imbalance—not a true disease. Rapid fem-
oral growth results in hamstring tightness, relative quad-
riceps weakness and increasing distraction pressures on
the extensor mechanism. Most of these patients are male
and may have had Sever’s disease (calcaneal apophy-
sitis). Hamstring tightness is measured by the degree of
knee flexion with the hip flexed to 90 degrees. Treatment
begins with avoiding the repetitive eccentric quadriceps
loading maneuvers that cause pain. Treatment may in-
clude patellar tendon taping, knee sleeves, closed chain
strengthening and hamstring stretching, and quadriceps
strengthening (194).

Disruption of the Extensor Mechanism

Displaced patella fracture, quadriceps tendon rupture,
patellar tendon rupture, and tibial tubercle avulsion each
interrupt the continuity of the extensor mechanism. The
diagnosis is made by a palpable defect in the tendon or
deformity from the fracture and inability to actively ex-
tend the knee.

Quadriceps and Patellar Tendon Ruptures

Extensor mechanism tendon disruption can occur at the
quadriceps or patellar tendon level. Most authors believe

FIG. 15.51. This lateral radiograph shows elongation and
periosteal sleeve and sclerosis indicating Sinding-Larsen-
Johansson syndrome (arrow).










FIG. 15.56. Closed kinetic chain terminal knee extension.
Weight-bearing stance, Theraband, or Theratubing provid-
ing resistance to terminal knee extension.

F1G. 15.58. Forward high-step walking. The patient ambu-
lates over cones or other objects to accentuate normal knee

bend.
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FIG. 15.57. Carioca or cross-over walks assist in improving
balance and neuromuscular control.

FIG. 15.59. Lateral high-step walks. Accentuates normal
knee bend during gait and contributes lateral function of

push-off and stance legs.






\F.

Patella Fractures

In athletes, fractures of the patella commonly occur
from direct contact. The fracture pattern is generally stel-
late and rarely displaced (200). If nondisplaced, the frac-
ture can be treated in knee extension and immobilized
for 4 weeks with early weight bearing.

Transverse fractures of the patella occur more fre-
quently in an older population from a direct blow or a
fall onto the knee, hyperextension or violent quadriceps
contraction. If there is displacement of the fragment with
articular surface, angulation or step-off, then open reduc-
tion (151,218) with cerclage wiring is performed. If there
is significant comminution, a partial or complete patellec-
tomy is done. Rehabilitation begins with patella mobiliza-
tions and range of motion exercises. Strengthening exer-
cises are advanced based on healing of the patella fracture.
Open chain strengthening exercises are avoided because
of the high patellofemoral forces they cause. Return to
activity depends on the nature of the fracture, healing and
sport.

Complication of a patellar fracture following bone-
patellar tendon-bone (BPTB) can occur. There is tempo-
rary weakness and osteopenia of the patella following
harvesting of the graft. A fracture at the patella harvest
site is often in the orientation of a Mercedes emblem.
This potential complication is of concern, particularly in
patients who have early return to their sport prior to ade-
quate bone healing. Taking a smaller patellar fragment
bone and bone-grafting the patellar defect with cancellous
bone reduces the risk of fracture.

Bipartite Patella

A bipartite patella has one or more unfused ossification
centers. Bipartite patellas exist in 2% to 3% of the popula-
tion. The finding will be unilateral in 57% and bilateral
in 43% (85). Seventy-five percent of the fragments are in
the superolateral quadrant, 10% in a vertical lateral posi-
tion and 5% are at the inferior pole (121,219). Most bipar-
tite patellae are incidental findings and are asymptomatic.
Symptomatic patients typically are in a stop/cut repetitive
load sport such as soccer. A stress fracture through the
bipartite fibrous union can occur. This classically presents
as pain directly over the bipartite area of the patella.
Radiographs may show displacement but more commonly
show only the bipartite patella. A bone scan can be done
if there is confusion regarding the diagnosis. However, if
there is pain directly over the patella and a bipartite is
present, surgical excision of this is usually necessary.
Displaced fractures of bipartite patella have been reported
(62,118). This football place kicker had pain over his
plant knee. He underwent arthroscopy and open excision
of the fragment with reattachment of the quadriceps ante-
rior posterior knee mechanism. Radiograph with the ex-
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cised fragment is shown (Fig. 15.61). Postopératively,
after his rehabilitation program, he returned to kicking
activities at three months.

Patellar Instability

Patellofemoral stability is a result of a complex series
of interactions involving joint congruity, alignment, and
static and dynamic patellar stabilizers (74,202). Bony fac-
tors that predispose to patellar instability include; a small,
short lateral femoral condyle, a shallow femoral groove,
a flat patella, femoral internal rotation or anteversion of
the hip, and an increased valgus or Q angle. The most

-common direction of patellar instability is lateral. The

previous factors can magnify the forces or reduce the
resistance to lateral displacement of the patella. Medial
instability is more commonly iatrogenically because of
surgical overcorrection of lateral subluxation (103,209).

Surgical intervention for recurrent patella dislocation
and instability is open realignment, which can include
distal tibial tubercle transfer, proximal reefing, and lateral
release (77,102,231). In the skeletally immature unstable
patella, only soft tissue procedures are done.

Additional factors that can contribute include general-
ized ligamentous laxity, previous trauma, tight lateral reti-
naculum, and motor imbalance or weakness. Generalized
ligamentous laxity implies that all static restraining forces
about the knee including the medial retinaculum are loose

FIG. 15.61. This football place kicker had pain over his plant
knee. He underwent arthroscopy and open excision of the
fragment with reattachment of the quadriceps knee mecha-
nism. Radiograph with excised fragment is shown.
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FIG. 15.67. Mini-squat with ball pick-up. The patient per-
forms mini-squat at a variety of depths while performing
ball pick-up with contralateral toes to provide challenge in
FIG. 15.66. Unilateral squat with contralateral hip abduc- balance and stability.

tion. The patient performs unilateral squat while abducting

the contralateral hip into a wall to increase ipsilateral gluteus

medius activity.

FIG. 15.69. Unilateral stance ball toss. The patient performs
ball-catching activities at a variety of speeds and positions
while in unilateral stance to challenge the balance and neu-
romuscular function of the lower extremity.

FIG. 15.68. Balance exercises. The patient performs a vari-
ety of activities while in unilateral stance on a towel roll to
provide an unstable base.
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FiG. 15.70. Wobble board. Work on balance, not letting the
rim of the board touch the floor. Can also work on full range
of motion, riding the entire rim of the board around, touching
the floor at all times.

FIG. 15.72. Medial glide. With patient in side-lying, involved
side up, clinician maintains a fixed knee angle while per-
forming medial glides of the patella. Knee angle should cor-
respond to the angle at which the patient experiences pain.
This mobilization should not be painful.

FIG. 15.71. ITB stretch. Place involved limb behind stance
leg while going through a side stretch to the opposite side.

FIG. 15.73. Hamstring stretch. Maintain knee extension and
stabilize the contralateral limb against the floor. It is helpful to
utilize an active phase of resistance and perform the stretch

during the relaxation phase.










proximal and avoid resting it on the common peroneal
nerve.

The patient is allowed full weight bearing and is
weaned off the immobilizer over a 1- to 2-week period.
Active range of motion is begun on postoperative day 1
with heel slides and standing knee flexion. Quadriceps
setting and four-way straight leg raises are also initiated
at this time. Passively, knee flexion is gently pushed to-
ward full flexion over the first two to three weeks.

Caution should be taken with stretching too aggres-
sively when significant swelling is still present as repeti-
tive tearing at the surgical site will perpetuate scar tissue
formation. Once approximately 95 degrees of flexion has
been obtained, the bicycle is added to the program, as
are closed kinetic chain lower-extremity, strengthening
exercises. The trunk, hip, knee, and lower leg are all
included in the rehabilitation program to assure that nor-
mal mechanics have been restored and to maximize the
chances for surgical success. A brace that has a lateral
buttress can serve two functions. First, it can maintain
compression over the release and, second, it can provide
lateral stability and a medial glide to the patella.

Many authors have discussed a myriad of techniques to
address recurrent patellar instability including soft tissue
procedures proximal and distal to the patella, and distal
bony realignment procedures with successes ranging from
30% to 90% (39,46,71,158,196,212). A successful result
depends on proper diagnosis, identification of associated
pathologies such as arthritis, meticulous surgical tech-
nique, and appropriate postoperative rehabilitation. For
skeletally immature athletes, it 1s best to attempt to use
a brace or taping until skeletal maturity is achieved. If
necessary, a soft tissue only procedure is indicated with
lateral retinacular release, VMO advancement, and occa-
sionally a distal realignment as described by Roux-
Goldthwaite (77). For mature athletes all procedures are
preceded by diagnostic arthroscopy to assess the presence
of degenerative changes of the patella. If the athlete has
normal Q angles (less than 20 degrees), mild to no degen-
erative changes, and no ligamentous laxity, a proximal
soft tissue realignment is indicated with lateral release
and VMO advancement. If moderate to severe arthritic
changes are present a tibial tubercle elevation may be
indicated. For athletes with elevated Q angles or increased
ligamentous laxity, distal bony realignment should be in-
cluded with the proximal soft tissue reconstruction. The
technique developed by Fulkerson (71,73,114,201) of an-
teromedialization of the tibial tubercle via an oblique oste-
otomy has distinct advantages. After diagnostic arthros-
copy, the surgeon can adjust the amount of anterior
displacement of the tibial tubercle required in relation to
the amount of arthritic changes by changing the obliquity
of the osteotomy and medialization to unload the damaged
cartilage. A significant potential complication following
realignment 1s medial instability (66,99,103).
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Pateliofemoral Articular Cartilage Involvement

The articular surface of the patella is the thickest in
the body and is divided into medial and lateral facets by
the median ridge or crest. With repeated wear or contact,
the cartilage will begin to soften and progress through a
sequence of degeneration that includes fibrillation, fissur-
ing, thinning, fragmentation and finally complete cartilage
loss. The athlete will frequently complain of pain when
going up stairs or when sitting with the knees flexed for
an extended period of time. There will be pain on palpa-
tion of the facets and crepitus with range of motion of
the knee. Quadriceps atrophy and hamstring tendon tight-
ness are commonly seen.

There can be chondral defects, osteochondral fractures,
or varying grades of degeneration of the articular cartilage
of the patella or trochlear groove. In the past, chondroma-
lacia patella has been used as a “‘wastebasket’ term for
most anterior knee pain (21,195,197). The diagnosis is
based on the pathology of articular cartilage involvement,
and should be made only with visual inspection of the
articular surface by open or arthroscopic means. Clinical

FIG. 15.80. The Outerbridge classification of chondroma-
lacic change is shown diagrammatically. A: Normal articular
cartilage of the patella is depicted. B: Grade 1 is softening
only, without fragmentation or fissuring. C: Grades !l and il
are fissuring and fragmentation, with 1l being less than 1
inch and Il being more than 1 inch. There is no exposed
subchondral bone. D: Grade IV is down to subchondral
bone. Documentation of the grade and size of the arthritic
change is helpful, particularly in the pateliofemoral articula-
tion, in predicting success and outlining a rehabilitation pro-
gram. (Reprinted with permission from ref. 9.)






treatment including ice and antiinflammatories can reduce
pain to allow the athlete to participate in rehabilitation.

Resistant cases may require surgical intervention.
Arthroscopy is an excellent tool that can confirm the diag-
nosis and provide initial treatment. Unstable cartilaginous
fragments or loose bodies can be removed with excellent
results. The cartilaginous defects are debrided and saucer-
ized. Abrasion chondroplasty, microfracture with arthro-
scopic awls, or drilling has shown limited success on the
femoral condyles but has had uniformly poorer results
when used on the patellofemoral joint. Debridement of
the lesion can reduce the chance for occurrence of loose
bodies. Tibial tubercle transfer or elevation can be per-
formed to reduce the stress on articular cartilage and im-
prove tracking. In the most resistant and severe cases,
patellectomy can be performed; however, significant
functional weakness will invariably occur and complete
pain relief is rare.

At the time of arthroscopy, documentation of the patella
or trochlear groove articular surface defects with size and
depth and contact areas by degrees of flexion should be
performed (77) (Fig. 15.84). A rehabilitation program can
then be outlined in the arc of motion that does not cause
direct pressure and is not under the greatest contact. If
surgical intervention is required, the surgeon must transfer
the forces from the damaged tissues and also restore sta-
bility of the patellofemoral articulation. The PF articula-
tion will deteriorate at an accelerated pace if pressure is
increased (4).

Plicae

A synovial plica is a fold in the synovium, which is a
residual of an embryologic synovial septum. The knee
may have up to four plicae named by location—the supra-
patellar, infrapatellar, lateral, and medial. Most synovial
plica are asymptomatic but occasionally a plica can be-
come inflamed from direct contact or overuse. The medial
plica can be associated with chondral injury to the medial
patella or defect in the nonarticulating medial femur.

The athlete complains of pain aggravated by activity
or prolonged sitting. Some athletes complain of snapping,
clicking, or the sensation of giving way on physical exam.
Repetitive squatting and deep flexion often exacerbate
the athlete’s complaints. Symptomatic plica syndrome is
more common in females and sports like gymnastics,
cheerleading, and running. The thickened band is painful
Jjust superior to the medial femoral condyle and medial
patellar facet.

Initial treatment 1s aimed at decreasing inflammation
by using ice, local modalities, topical nonsteroidals, oral
antiinflammatories and activity modification. Rehabilita-
tion includes quadriceps strengthening, hamstring stretch-
ing, and correcting any weakness at the trunk, hip, and
ankle that may be affecting normal knee function. Rovere

THE EneeE / 397

The normal patella Type | lesion — Ficat critical zone

Medial Lateral Lateral

Medial Lateral Medial Lateral

End-stage

Type IV proximal patellar lesion diffuse cartilage degeneration

Medial Lateral Medial Laterat

FIG. 15.84. A. A representation of the normal patella (me-
dial left; lateral right). B. A type | lesion (Ficat critical zone)
at the distal central ridge. C. A type |l lesion of the lateral
facet is usually related to excessive lateral pressure with tiit.
This lesion is often associated with a type | lesion, and the
two lesions may connect, particularly in a patient with long-
standing lateral pateilar tilt and subluxation. D. A type lii
lesion will occur related to relocation of a patella following
dislocation, with shearing off of the medial facet. Lesions of
the medial facet also occur from excessive medial overload
(overzealous medial imbrication or Hauser transfer of the
tibial tubercle). E. The proximal patellar lesion (type 1V) that
spans the facets is most often related to a crush, knee flexion
injury (dashboard type) in which the proximal patella is artic-
ulating (knee flexed) at the time of impact. F. End-stage
diffuse patella articular cartilage degeneration. (Adapted
from and reprinted with permission from ref. 16.)

and Adar (213) suggested intraplical steroid and lidocaine
injection. In 73% of patients lasting relief and return to
sport was achieved. In cases not responding to rehabilita-
tion and activity modification, arthroscopic resection of
the symptomatic plica is indicated. At the time of arthros-
copy, associated disorders such as chondral injuries or
meniscal tears can be addressed.

Bursitis

Bursae are fluid-filled sacs that function to reduce fric-
tion and protect structures from pressure. The subcutane-
ous locations are shown (257) (Fig. 15.85). Bursal tissue
becomes thicker and painful with increased blood flow
from inflammation or contusion. Irritation and accompa-
nying bursitis can result from acute or chronic trauma,
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— Suprapaleliar pouch

Plica suprapatelilaris

Superticial
prepatellar bursa

Pes anserinus bursa

Superficial
infrapateliar bursa

FIG. 15.85. Bursae in the front of the knee can mimic many
knee disorders. These bursae should be examined in the
evaluation of patients with anterior knee pain. (Reprinted
with permission from ref. 77.)

inflammatory processes with metabolic deposits. or
acute or chronic infection (48). Wrestlers, gymnasts, and
football players are at increased risk of bursitis, particu-
larly in the prepatellar bursa, from repeated contact.
Acute hemorrhagic bursitis caused by small vessel rup-
ture should be differentiated from inflammatory bursitis.
The pes anserine bursa lies proximal to the insertion of
the sartorius, gracilis, and semitendinosus tendons (the
pes anserinus). The bursa lies between the aponeurosis
of these tendons and the medial collateral ligament about
2 inches below the anteromedial joint line. Pes bursitis
is more commonly caused by repeated friction rather
than direct contusion (193).

Treatment is symptomatic with ice therapy, com-
pression wraps, and antiinflammatories. Early motion,
strengthening exercises, and even muscle stimulation can
prevent muscle atrophy and enhance the athlete’s early
return to sport. Steroid injections in the pes anserine bursa
can relieve the inflammatory process. Aspiration of the
prepatellar bursa without steroid injection has also been
recommended. Indications for surgical excision in athletes
include multiple recurrences or an extremely large, chron-
ically inflamed bursa extending beyond the diameter of
the patella (193). Septic bursitis is treated by aspiration,
culture, and appropriate surgical debridement.

Iliotibial Band Syndrome (ITB)

The iliotibial band originates from the gluteus maximus
and tensor fascia latae. ITB syndrome is especially preva-

lent in joggers and cyclists. In jogging, there is a flight
phase with no support. Upon impact, the hip and thigh
must provide a significant contraction to stabilize the pel-
vis in a horizontal fashion against the ground reaction
force. These strong, repetitive contractions typically result
in decreased flexibility in the hip abductors and iliotibial
band. The ITB moves over the femoral epicondyle anteri-
orly in extension and posteriorly in flexion. Direct tender-
ness over the ITB band is common. The patient’s knee
is flexed to 90 degrees and supported. Palpation of the
ITB on the femur just proximal to the epicondyle is done
and the knee is slowly extended. At 30 degrees of flexion,
the patient complains of pain as the inflamed portion of
the ITB is compressed between the examiner’s thumb and
the femoral epicondyle.

Primary treatment should be directed toward improving
flexibility in the shortened tissues of the gluteus maximus,
tensor fascia latae, and iliotibial band. The ITB can be
stretched in standing or kneeling. In the kneeling position,
one can often get a medial glide of the patella as well.
Bringing in hip extension and adduction with the lean of
the body allows for a good proximal quadriceps, gluteus
medius, tensor fascia latae, and ITB stretch (Fig. 15.86).

£ 4

FiG. 15.86. Combined ITB band and quadriceps stretch.
With patellofemoral pain, something soft may need to be
placed under the knee. Keeping the stomach tight, forward
lean to gain stretch in the quadriceps proximally followed by
a slight lateral shift to change the emphasis to the superior
lateral thigh.



Gaining flexibility in these tissues takes time and can be
aided by the use of uitrasound and moist heat to improve
tissue extensibility prior to stretching and iontophoresis,
electrical stimulation, and ice to decrease inflammation
after treatment. A thorough biomechanical evaluation
should be completed to address any causative factors pres-
ent at the hip, knee, and ankle. Taking a detailed history to
determine training-factor influence such as road surface,
mileage, and shoe wear is also helpful. Addressing weak-
ness in the trunk, hip, knee, and lower leg can improve
mechanics and efficiency as well as prevent further injury.

MENISCAL TEARS
Meniscal Tear Patterns

The classification of the tear pattern is described by
location within the substance of the meniscus and the
tear pattern. Types include radial, horizontal, longitudinal,
degenerative, flap, or combinations of these (70) (Fig.
15.87). Meniscal tears are one of the most common knee
injuries in the athletic population. Typically, the athlete
presents with swelling, pain along the medial or lateral
joint line, locking, and/or popping. Locking and inability
to extend the knee after rising from a crouched position
1s present in 81% of patients with a bucket handle tear
of the meniscus (229).

The most common finding on physical examination is
pain with palpation or associated with provocative maneu-
vers. Bounce home, McMurray’s, Apley’s grind (10), and
pain with varus or valgus stress all attempt to trap the
torn meniscus between the tibial plateau and ipsilateral
femoral condyle to elicit a diagnostic pain and pop. If
pain alone is present, degenerative articular changes may
also be the source of pain. Clinical squatting maneuvers
with weight bearing or ‘‘standing McMurray’s’’ are ex-

HORIZONTAL

RADIAL

DEGENERATIVE

FLAP TEAR

FIG. 15.87. Schematic illustration of the five main types of
meniscal tears. (Reprinted with permission from ref. 57.)
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cellent added tests to discover subtle tears that may have
evaded diagnosis with the other exams (5).

Routine radiographs include anterior-posterior, lateral,
notch view, and bilateral patellar sunrise views. If the
athlete is greater than age 50, standing 30 degrees flexed
posteroanterior (PA) views are done to assess the joint
space for degenerative arthritis. Magnetic resonance im-
aging is indicated if there are other intraarticular prob-
lems, associated ligament problems or confusion about
the diagnosis (80,137,211). The majority of meniscus
tears can be diagnosed by history and physical exam
(80,95,124,173). Accuracy, sensitivity and specificity are
extremely high for meniscal tears, better with the medial
than lateral meniscus. A discoid lateral meniscus is a
congenitally large meniscus that may occupy the entire
articulating surface between the lateral femoral condyle
and tibia. Symptoms of pain and clunking in the lateral
compartment in adolescents is the common presentation.
MRI scans can visualize these nicely aiding in the deci-
sion between surgical or nonsurgical treatment.

Treaiment

Initial conservative management of relative rest,
strengthening, compression, and decreasing joint effusion
is performed. If recurrent mechanical signs and symptoms
are present, arthroscopic intervention is indicated. At the
time of surgery, a decision must be made regarding re-
moval or repair of the torn meniscus. Attempt is made to
repair menisci in the peripheral third or vascular zone.
Central tears are avascular and have little ability to heal.
If partial meniscectomy is required, removing as little of
the meniscus as needed is the rule. Meniscus repair has
a greater success rate in association with ligamentous
reconstruction than in the cases of isolated meniscal sur-
gery. There have been advances in meniscal transplanta-
tion with allografts. Initial reports of cryopreserved allo-
graft transplantation in dogs were published in 1984 (13).

Meniscal tear patterns vary but principles of removal
of the unstable fragments and restoring a balanced rim
are followed routinely. A bucket handle tear of the menis-
cus or vertical pattern in orientation can displace into the
notch (Fig. 15.88). Partial meniscectomy was performed.

The posterior horn flap tear was displacing in the me-
dial gutter causing symptoms and mimicking a loose body
(Fig. 15.89). This complex tear of the medial meniscus
was resected with a handheld punch (Fig. 15.90).

Meniscal repair is done when the tear is in the red-
white zone or peripheral third, usually vertical, and in a
younger patient. Probing of the tear and repair with inside
to outside techniques placing sutures arthroscopically is
performed (Fig. 15.91A). The sutures are placed with a
long needle, which can also be used for trephination to
increase blood supply (see Fig. 15.91B).
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required removal of loose bodies, and unstable articular
cartilage abrasion chondroplasty, to stimulate bleeding of
the bone (see Fig. 15.:92B). Documentation of bleeding is
done by reducing inflow of fluid (see Fig. 15.92C). The
hopeful result is fibrocartilage ingrowth.

This 16-year-old baseball and football athlete com-
plained of pain, swelling, and occasional locking of his
left knee. Clinically, he had tenderness on palpation over
the medial femoral condyle, mild effusion, no medial or
lateral joint line tenderness and stable ligaments. The
notch view was most helpful to show osteochondritis dis-
secans of the medial femoral condyle (Fig. 15.93A). MRI
scan after injection of gadolinium dye in the joint demon-

strates the depth of the lesion and shows the defect in the

medial femoral condyle in its typical location just lateral
to the attachment of the PCL (see Fig. 15.93B, arrow).
He underwent abrasion chondroplasty and at one year
returned to football activities.

Counseling of athletes, particularly with lateral com-
partment involvement must be done early on. The likeli-
hood of being able to play professional sports with a past
history of arthroscopy and articular surface damage in
the lateral compartment in a valgus knee is very small.
Changing cardiovascular activities to reduce axial load is
routinely discussed with the patient.

The future for treatment of articular surface defects is
bright. Various techniques to stimulate blood supply exist.
These include abrasion chondroplasty, microfracture
techniques and drilling. Taking plugs of bone from a non—
weight-bearing surface of the knee peripherally in the
trochlear groove and transplanting this to the prepared

-

condyle defect is now being done with the early results
proving cffective. Harvesting and culturing of articular
cartilage and reimplantation of the cartilage is also being
done in limited settings (30).

Rehabilitation of Injuries with Articular
Surface Damage

Injuries involving damage to the articular surface can
be very difficult to rehabilitate because of the nature of
the injury: the damage to weight-bearing surface that has
no inherent ability to ‘‘protect itself.”” The surgeon must

__communicate to the rehabilitation team where the damage

was found and the range of motion that has been affected
by the damage. The rehabilitation professional then has
the information to develop a plan of care that will effec-
tively strengthen the lower extremity while avoiding any
undue stress on the damaged articular surface. In general,
bicycling is beneficial as it is a non—weight-bearing activ-
ity that promotes regrowth of articular cartilage. Use of
modalities, particularly electrical stimulation for muscle
contraction and work on decreasing inflammation, can be
used effectively with ice to keep swelling down. Exercises
that are isometric in nature, non—weight-bearing, or done
through a limited, pain-free arc are most beneficial in the
beginning stages of rehabilitation. After abrasion chon-
droplasty, the articular surface must be protected from
repetitive axial loading. Patient education and activity
modification are mandatory for the long-term success of
these patients.

FiG. 15.93. A: Osteochondral dissecans of the medial femoral condyle shown on the right knee.
Notch view is best to demonstrate this. The radiolucent area involving the entire medial femoral condyle
is shown. Magnetic resonance imaging (MRI) scan (B) shows the extent of the lesion involvement into
cancellous bone and location adjacent to the posterior cruciate ligament. Ligament of Wrisberg is also
shown attaching the posterior cruciate ligament to the lateral meniscus (arrow).




Medial Collateral Ligament Injuries

Medial collateral ligament (MCL) sprains are very com-
mon in sports. MCL injuries typically occur when the foot
is planted and the athlete sustains a blow to the lateral
aspect of the knee. The treatment has evolved with increased
knowledge obtained by arthroscopy and MRI. Grade I and
1I sprains and most isolated grade IIT MCL injuries can be
treated nonoperatively. The more severe grade III MCL
sprain is often associated with other ligamentous injuries. It
is unusual to have an associated meniscal injury with an
isolated MCL sprain since the mechanism is usually contact
distracting the MCL. The pain is usually over the femoral

attachment of the MCL. The ‘‘degree’” of valgus opening -

should be established based on comparison with the other
side and the knee should be stable and symmetrical in exten-
sion and different in 30 degrees of flexion.

In the 1980s surgical management of grade III MCL

was commonplace (101,175,192). Now clinical diagnosis
and nonoperative management is the rule for MCL
sprains. We have seen treatment of medial injuries sig-
nificantly change. There can be some problem from me-
dial instability in ice hockey athletes (112,128), and these
may require repair for an isolated grade III sprain. How-
ever, the current standard is nonoperative treatment and
aggressive return to play. Grade I injuries involve initial
rest and return to sport within a couple of weeks. Grade
IT may be slightly longer and grade III may require immo-
bilization or protected weight bearing slowing their return
for 6 to 8 weeks. Initial immobilization and non—-weight-
bearing may tighten up the medial structures more and
result in less instability. However, healing generally oc-
curs best with controlled mobility. Since isolated medial
instability has not been shown to increase articular surface
injury or knee problems, aggressive return to play and
nonoperative treatment is presently the rule. Lateral knee
braces have been used in hopes of preventing knee inju-
ries, particularly in higher-risk positions in contact sports.
These prophylactic or preventive braces attempt to protect
the primary medial restraint that is the MCL. However,
most scientific studies have yet to prove that lateral
knee braces reduce the incidence of knee ligament
injury (14,15,79,88,93,172,214,215,259,261). In con-
trolled studies in the military, some reduction in the sever-
ity of injury with the brace has been shown (261). Indeed,
in a survey of athletic traumas, a potential increase in
injury, particularly fibular fracture and peroneal nerve
injury secondary to the use of prophylactic braces has
been reported (240). There are also questions as to
whether braces preload the ligament. Certain criteria were
set forward at the knee brace seminar report (59). A posi-
tion statement from the AAOS states that “‘the routine
use of prophylactic knee braces has not been proven effec-
tive in reducing the number or severity of knee injuries.”’
In some circumstances, such braces may even potentially
be a contnbuting factor to injury. Requiring players to
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use knee braces ‘‘just in case they might help” is not
supported by the studies that have examined the effective-
ness of such ‘‘braces.”

If a brace is requested and the athlete is in a higher risk
position, such as a football lineman, a thorough discussion
with the athlete, his family, and his coach should be un-
dertaken to assure the risks and benefits are understood.
It should be stressed that there is still a chance for injury
while wearing these braces.

Rehabilitation of Medial Collateral Ligament

Conservative treatment of medial collateral ligament
(MCL) sprains has become more aggressive in recent
years. Excellent results can be achieved if the rehabilita-
tion program is approached in an aggressive, systematic
manner, predicated on the attainment of milestones and
healing time frames.

Grade 1 MCL Sprains

Grade I MCL sprains are treated with the knee immobi-
lized for 1 week. Ice is used daily until pain and inflam-
mation are under control. Quadriceps and hamstrings set-
ting exercises (isometrics) may need to be done in 10 to
20 degrees of flexion to avoid pain in the end range of
extension. Both open and closed chain exercises can be
progressed as tolerated, as can range of motion. Achieving
extension past 0 degrees extension (recurvatum) or 90
degrees flexion should be delayed until week two if still
painful. Functional exercises and activities can be pro-
gressed aggressively as strength, neuromuscular control,
and pain allow.

Grade II and III MCL Sprains

Grade II and III MCL sprains are treated in the initial
2 days with an emphasis on reducing pain and inflamma-
tion and protecting the MCL with an immobilizer or range
of motion brace, limited to the pain-free range. The athlete
will remain in a weight-bearing as tolerated status for 10
to 14 days. The doctor may order non—weight-bearing,
depending on the severity of the sprain. Isometric quad
sets and ham sets, straight leg raises in flexion, abduction
and extension (avoiding the adduction motion), and
PROM/AAROM to maintain range of motion are per-
formed. Electrical stimulation for pain control, edema
control, and muscle stimulation is utilized throughout the
first week or two. Frequent application of ice will help
reduce pain and swelling.

The tissue should warm and return to normal color
before reapplying the ice. After the first 2 or 3 days, pain
will be the limiting factor for weight bearing, range of
motion, and exercise. The bicycle is used for gentle range
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FIG. 15.94. Lateral knee bracing. Prophylactic knee brac-
ing, primarily used for collision sports to prevent knee injury.

of motion in a comfortable range. ‘‘Rocking’” back and
forth may be needed until a sufficient pain-free range is
obtained. Swimming can begin with a gentle straight flut-
ter kick only. Isometrics are performed at multiple angles,
and gentle quadriceps exercises are begun through a pain-
free range of motion. The brace is worn all the time at
night and during the day as needed. Activity is immedi-
ately modified with any increase in pain, swelling, or
instability. Well-leg exercises are performed during this
period to maintain strength and endurance.

Once swelling and pain have stabilized with phase one
activities and the athlete has a relatively pain-free range
of motion from 100 degrees to 10 degrees, then they are
ready to begin phase II. Goals for phase II include full,
pain-free range of motion, normal gait, and restoring full
lower extremity strength.

The focus of the second week is to progress strength
and range of motion (ROM). Pool exercises can be ad-
vanced to weight bearing and jogging as tolerated.
Bicycle work is increased for both time and resistance.
Stretching exercises for the quads, hamstrings, ITB, and
gastrocnemius are begun as long as the athlete remains
pain-free. Proprioception exercises are advanced to facili-
tate full return of neuromuscular control. Closed kinetic
chain exercises such as lunges, lateral step-ups, retro-
walking, and stairmaster are advanced in duration and
range of motion. When full pain-free flexion and exten-
sion have been achieved and strength and neuromuscular
control are nearing 75% of the uninvolved side, a running
progression can begin. The last step before a return to
play is sports specific drills that are progressed slowly to
allow the healing MCL to adapt to the new stresses. Lat-
eral bracing may be needed to reduce medial stress and

, protect the healed tissue (Fig. 15.94). These types of

braces can also be used prophylactically.

GROWTH PLATE INJURIES

In the skeletally immature athlete, the fracture about
the knee with the most potential for complication is in
the distal femur (31,167,177,198). The absolute number
and percentage of all epiphyseal fractures for the distal
femur, tibial tuberosity, proximal tibia, and proximal fib-
ula are reported as shown (Table 15.6). In three series
reporting the relative incidence of all physeal injuries,
distal femur accounted for 5.0% (167), 5.5% (198), and
1.2% (177); proximal tibia 1.9% (167), 1.8% (198), and
0.7% (177); tibial tuberosity 3.1% (167), 0% (198),
and 0% (177).

In 2,137 reported cases of athletic injuries in children,
epiphyseal fractures involving the knee numbered 58 and
the majority were Osgood-Schlatter’s (41). There does not
appear to be greater risk of growth plate injuries during
competitive athletics than in other activities (139,140). If
the athlete is hit about the knee and has pain over an
epiphyseal plate, plain radiographs and stress views are
indicated.

This skeletally immature football athlete sustained a
blow to the outside of his left knee. The valgus, internal
rotation deformity is shown (Fig. 15.95A). He sustained

TABLE 15.6. Lower extremity epiphyseal fractures

Ogden Peterson Neer
721 330 2500

Total # in Study: Number Percent Number Percent Number Percent
Distal femur 36 5.0% 18 5.5% 28 1.1%
Proximal tibia 14 1.9% 6 1.8% 17 0.7%
Proximal fibula 4 0.6% 2 0.1%
Tibial tuberosity 22 3.1%
Combined knee 76 10.5% 24 7.3% 47 1.9%
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FIG. 15.95. A: This 14-year-old male was playing football, foot was planted, he was hit from the
outside of his knee and had a Salter Il fracture of the distal femur. B,C: Radiographs are shown.
Emergency treatment is splinting the leg as it lies and transport to hospital. Treatment is with gentle
reduction and internal fixation (D).

a Salter {I fracture of the distal femur. Plain radiographs of
AP (see Fig. 15.95B) and lateral views show the displaced
distal femur fracture (see Fig. 15.95C). Emergency treat-
ment includes splinting the leg as it lies and transport
to hospital. Treatment is with gentle reduction and, in
appropriate cases, internal fixation (see Fig. 15.95D). Po-
tential complications from this fracture include leg-length
discrepancy and angular deformity, usually in a progres-
sive varus of the knee.

ANTERIOR CRUCIATE LIGAMENT (ACL)
INJURIES

Skeletally Immature

In the skeletally immature patient, a tibial eminence
avulsion fracture can occur rather than the typical mop
end mid-substance tear of the ACL (162,167). A dis-
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with the scope looking at the posterior horn of the medial
meniscus (Fig. 15.100). In a chronic ACL tear, there is
often associated meniscal injury (20,38,220) and articular
surface injury. In the chronic ACL injury, one may see
an empty notch sign, meaning that no ACL is present in
the intercondylar notch (Fig. 15.101A). After tearing
away from its origin, the ACL may scar down to the PCL
but not back to the posterior femur. A meniscal tear can
be repaired if it is in the vascular or red-white region in
the peripheral third. A displaced bucket handle tear of the
lateral meniscus is shown (see Fig. 15.101B). Sutures are
being inserted in a modified inside-out technique to repair
a peripheral tear of the lateral meniscus (see Figs.

15.101C and 15.101D). A bone-central third patellar

tendon-bone ACL reconstruction is shown being inserted
into the femur where a hole has been reamed (see Fig.
15.101E) and then the finished graft filling the notch (see
Fig. 15.101F) with an interference screw in the femoral
hole (see Fig. 15.101G) is shown.

The natural history of unreconstructed ACL injuries is
such that there is progressive arthrosis, particularly in
the lateral compartment in certain patients. This patient
underwent partial lateral meniscectomy of his right knee
in high school and elected not to have his knee recon-
structed. Five years after his injury in his mid-20s, the
lateral compartment narrowing is seen compared to his
opposite normal side. Standing 30 degrees flexed PA
views show narrowed lateral compartment (Fig. 15.102).

Rehabilitation of the Anterior Cruciate
Ligament Reconstruction

Accelerated ACL rehabilitation programs have been
well documented (54,111,122,157,256) as have injury

FIG. 15.100. The usual tear pattern for the anterior cruciate
ligament is a mop-end complete failure as shown here. The
scope is directed posteriorly in the posterior compartment
at the posterior horn of the medial meniscus and the mop
end tear is superior (arrow).

prevention programs in skiing (160,216), basketball
(87,119,120), and soccer (35).

There are two tenets upon which ACL rehabilitation is
based: (1) the healing time of the graft and (2) reaching
established performance goals.

Decisions about progression of rehabilitation rest
mainly on these tenets. Other factors taken into account
are pain, swelling, and increased laxity. Controlled stress
acts as a physical stimulus to the formation and organiza-
tion of collagen during the healing phase. Uncontrolled
stress could lead to a strain and permanent mechanical
deformation, or laxity, in the healing ligament.

The first postoperative 7 to 10 days comprise phase L.
This phase includes attaining 90 degrees of flexion and
having an independent straight leg raise with no extensor
lag. Patella mobilizations are initiated to limit iatrogenic
scarring in the patella tendon and bursae. Full passive
range of the extension motion is critical in the early phase
to ensure that the graft will sit fully in the intercondylar
notch. Otherwise, notch stenosis will prevent the graft
from seating properly and scar tissue will fill the notch.
Pushing terminal extension after scar tissue has developed
may stretch out the graft. The goal for extension is for
the involved side to equal the uninvolved side or to be
at least O degrees.

Weight bearing is increased until full weight bearing
is achieved by one week postoperatively, depending on
swelling and pain. The program includes full weight-
bearing mini-squat exercises. Flexion range of motion
activities should gradually address attaining 95 to 100
degrees of flexion by the end of phase I. Wall slides
can gradually assist in increasing knee range of motion.
Isometric quadriceps and hamstring setting exercises and
resistive hamstring exercise can be performed throughout
a comfortable range of motion and in high repetitions.
Straight leg raise exercises are done in the abduction,
adduction, and extension motions. The athlete maintains
a stretching program for the hamstring, quadriceps, and
gastrocnemius. Prone hangs help achieve terminal passive
extension if the patient is having trouble with end range.

Phase II begins at about 2 weeks. The emphasis here
is to resume a normal gait and to start increasing lower
extremity strength. Exercises focus on strength and neuro-
muscular control of the lower extremity and are designed
to be very functional. Knee extensions are avoided be-
cause of the anterior shear of the tibia on the femur,
particularly in the terminal 30 degrees of extension. Phase
IT exercises are added on to Phase I exercises. Straight
leg raise is added in the flexion motion. Calf raises are
done with both a straight knee and in a seated, flexed
knee position. Partial range of motion box lunges are
limited to a comfortable range of motion. Proprioceptive
exercises and balance training are begun in a weight-
bearing as tolerated fashion. The degree of challenge with
these exercises starts out relatively small and gradually
increases as strength and ability allow. If a pool is avail-
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FiG.15.102. Standing radiographs show degenerative joint
disease of the lateral compartment and increased valgus in
this patient who tore his anterior cruciate ligament in high
school. Radiographs were obtained eight years later. He
underwent partial lateral meniscectomy in high school and
elected not to have his knee reconstructed.

able, walking and straight flutter kicking can begin. The
Nordic Track and stair stepper are helpful as range of
motion can be limited to a comfortable arc while still
addressing whole lower kinetic chain function. Utilizing
the bicycle to help maintain an increased range of motion
and decreased stiffness and swelling will help in the ath-
lete’s progression. Criteria to advance to phase III are the
ability to perform a 6-inch forward step-up, 0 degrees
extension to 120 degrees flexion, and a normal gait.

Phase III lasts approximately 6 to 8 weeks. The empha-
sis at this stage is on progressive strengthening and neuro-
muscular reeducation exercises by repetition and time.
The number and variety of closed chain exercises are
increased as the patient tolerates. The graft is at its weak-
est point structurally at 8 to 10 weeks after surgery. There-
fore, caution must be used in advancing the rehabilitation
program only when the athlete demonstrates the appro-
priate strength and motor control to handle it. Goals for
graduation from phase III include: bilateral quarter squat
with 30% body weight, ten single leg quarter squats with
good balance, controlled lateral step-up to a 6-inch height,
single leg standing for 10 seconds with eyes closed, mini-
mal swelling, and maintaining full passive knee extension.

Phase IV is a progression of phase I activities and
leads up to testing the athlete’s functional status. Empha-
sis 1s on easy plyometrics, control of jumping and soft
landing as well as preparation for running. Depending on
the patient’s functional level, a functional assessment test
1s given during phase IV. This can be given anywhere
from week 13 through week 16. The importance of func-
tional testing is twofold: (1) to check the athlete’s ability
fo initiate and control forces, and (2) obtain objective data
regarding functional activities.

Functional tests are scored on two levels. Objective
measures are taken for absolute values of weight lifted
and centimeters jumped. More importantly, an observa-
tion of the activity is done to determine the neuromuscu-
lar control during landing activities, directional changes,
and stopping. Points are assessed for poor performance
in regards to quality of movement. An isokinetic test
may be performed at 180 degrees per second and 300
degrees per second at 14 to 16 weeks to determine
strength comparison of the involved to uninvolved leg.
Once the athlete can perform 15 independent single leg
squats, full bilateral squats with 50% body weight on
each leg, and control the landing on jumps up to 12,
they are ready for phase V.

The basic functional assessment performed in our clinic
includes a balance assessment, a single leg squat at 45
degrees of knee flexion, a 1 rep maximum leg press from
60 degrees flexion to O degrees extension, and lastly,
controlled landings up to both a 6-inch height and a 12-
inch height. Three variations are tested for each height:
the athlete starts with equal weight on both lower extremi-
ties, jumps up and lands on both feet; the athlete starts
on both lower extremities, jumps up, and lands on the

FiG. 15.103. Anterior cruciate ligament (ACL) derotational
brace. Brace is used for anterior cruciate ligament (ACL)
deficient and reconstructed athletes working primarily to de-
crease rotational instability, as well as anterior translation of
the tibia on the femur.
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(72,171,259,261,262) (Fig. 15.103). If an athlete is re-
turning to a high-risk, highly competitive collegiate or
high school sport, bracing is usually done the first year
from the time of reconstruction. The most important brace
is internal, musculoligamentous, and neurologic contribu-
tion. Restoration of proprioception and function are key
after ACL reconstruction (18).

Anterior Knee Dislocation

When the tibia anteriorly moves from under the femur,
an anterior dislocation can occur and is often associated
with multiple ligament tears. In noncontact mechanisms,

these injuries usually are self-reduced in the active indi-

vidual. In a contact injury or unconscious patient, reduc-
tion is necessary. This patient with chronic bilateral ACL
tears decided to stop cheerleading and did not want a
reconstruction. She jumped from a 2-foot height during
a play and sustained an anterior knee dislocation shown
in radiographs of AP (Fig. 15.104A) and lateral view (see
Fig. 15.104B). The MRI scan showed a complete ACL
tear but an intact PCL (see Fig. 15.104C). After her dislo-
cation, she developed a deep vein thrombosis. Assessment
of vascularity must be done in severe knee injuries
to assess arterial or venous injury. After a 4-month
course of anticoagulant therapy, she underwent ACL
reconstruction.

FIG. 15.105. MRI scan showing location of the bone bruise
following anterior cruciate ligament (ACL) tear which is mid-
third lateral femoral condyle and posterior third lateral tibial
plateau in the skeletally immature athlete. Consider the sta-
tus of the articular cartilage in between with bone bruises
documented by MR like this.

Bone bruises are easily seen on MRI and are located
on the posterior aspect of the lateral tibial plateau and the
anterior aspect of the femur that can be correlated well
with anterior knee dislocation (see Fig. 15.104B). The
bone bruise location is shown on sagittal MRI (Fig.
15.105). The importance of bone bruises is unknown. A
temporary anterior knee dislocation occurs when the ACL
is torn. If one thinks about the contact pressures between
these locations of the tibia and femur, the articular surface
must have significant shear and compressive forces.

POSTERIOR CRUCIATE LIGAMENT (PCL)
INSTABILITY

Classic mechanism of a PCL injury is a motor vehicle
accident with the tibial tubercle hitting the dashboard pro-
viding a posterior force. In athletics, when someone falls,
the foot classically is in a plantar flexed position so that
the force of the fall is on the tibial tubercle. With the foot
dorsiflexed, the blow would be to the patella and a patellar
contusion or fracture would ensue (40). In the sport of
tac kwon do, contact mechanisms with the opponent’s
foot can cause PCL injuries.

The clinical exam should include observation of any
ecchymosis or abrasions on the tibial tubercle. The poste-
rior drawer is done pushing the tibial posteriorly in neu-
tral, internal, and external tibia rotation. The quads must
be relaxed. With the knee at 90 degrees, the test is per-
formed in neutral and then compared to the opposite side.
A drop-back sign occurs when the tibial plateau is in a
more posterior position relative to the femur.

This offensive lineman sustained a direct blow to the
anterior tibial tubercle. His exam under anesthesia shows
4+ posterior drawer (Fig. 15.106A) with a posterolateral
corner injury (see Fig. 15.106B). The injured capsule
should be repaired acutely. His knee is also shown posteri-
orly dislocated (Fig. 15.106C). Vascular work-up was
negative for deep venous thrombosis (DVT) or popliteal
artery injury. Identification of a posterolateral injury is
very important, as acutely, the posterolateral component
should be addressed with the repair or reconstruction. Use
of intraarticular grafts placed in an anatomically correct
position and restoration of two bundles on the femur are
done.

Rehabilitation of the Posterior Cruciate
Ligament Reconstruction

Rehabilitation of the posterior cruciate ligament recon-
struction presents many of the same problems as with
rehabilitation of the ACL reconstruction. Reducing swell-
ing, protecting the graft, and restoring normal strength
and motor control are vital. Limitations of range of motion
should be outlined by the surgeon. Electrical stimulation
1s used for muscle contraction of the quadriceps and for







11t LHAPTER D

FIG. 15.107. Exam under anesthesia shows gross 4+
opening on abduction stress testing at 0 and 30 degrees
{A). Reconstruction—open procedure (B) Exam showing
instability to valgus stress testing at 0 and 30 deagrees
flexion. anterior posterior drawer, were grossly positive 4+
{A). The open shot shows the incision only being made (B).

complete tear of all intraarticular structures. This patient
essentially had a knee dislocation with a laterally dislo-
cated patella on the field. He had a complete tear of the
ACL, PCL, and severe deep capsular injury with complete
tears of the meniscofemoral and meniscotibial ligaments
(see Fig. 15.107B). The meniscus is seen between the
femur and tibia. Pickups are in the torn ACL that is mop
end and above toward the PCL avulsion off of the femur.
Although unusual, a knee dislocation with this severe
medial instability will require a more open approach
rather than the now more common arthroscopically arded
approach.

CONCLUSIONS

Knowledge of knee anatomy is key in understanding
diagnosis and treatment of knee injurics. Understanding

basic anatomy allows development of a language that
incorporates anatomy, mechanism of injury, and instabil-
ity patterns. The healthcare providers can formulate the
plan for the athlete—treatment, surgery, and rehabiljta-
tion. We must communicate in a common language.

Patterns of injury unique to the injured athlete’s age,
sport, and knee compartment— patellofemoral, medial, or
lateral can be recognized. The exact diagnosis is made
on the basis of history and physical exam. If the correct
diagnosis is made early on, a successful outcome is pre-
dictably excellent in these highly motivated athletes. Be
thorough and specific in the diagnosis.

Communication among health care providers must exist
on a level to ensure the highest-quality care and treatment.
Prospective outcome studies must be done. Standardized
accepted knee-rating scales must be developed and
revised.
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