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ABSTRACT

This review aimed to summarize the updates in the causes, diagnosis and management of knee
injuries in children and adolescents. Knee injuries are common and are often the result of multiple
forces: varus, valgus, hyperextension, hyperflexion, internal rotation, external rotation, anterior or
posterior translation, and axial loading. Certain combinations of force are known to cause specific
patterns of injury. A knee injury can affect any ligaments, tendons, or fluid-filled sacs (bursae) that
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surround the knee joint, as well fas the bones, cartilage, and ligaments that make up the joint itself.
ACL injuries are one of the most common types of knee injuries, including a torn meniscus that is
common in sports that require jumping jacks, patellar fractures, and knee bruises. Magnetic
resonance imaging (MRI) is often used to more fully evaluate knee injuries. Radiologists can
accurately identify individual lesions and combinations of lesions. Surgical and non-surgical
treatments are performed depending on the case.

Keywords: review, updates, causes, diagnosis, management, knee injuries, children, adolescents.

1. INTRODUCTION

Trauma and injuries in childhood and
adolescence are common, and the knee is one of
the most common injury sites [1].

Knee injuries in child and adolescent
athletes can be caused by an acute traumatic
injury, such as a sudden fall or chronic repetitive
strain injury. Occasionally, a knee injury can be
the result of a combination of both factors - an
athlete may have a chronic problem that
suddenly worsens due to an acute traumatic
event. These injuries can cause various
symptoms such as pain, shakiness, swelling and
stiffness [2].

When an active young man complains of knee
pain, the treating pediatrician must be
comfortable making a functioning differential
diagnosis and should be able to manage many of
these injuries or recognize when appropriate
referral is needed [3].

Knee injury can affect any of the ligaments,
tendons or fluid-filled sacs (bursae) that surround
knee joint as well as the bones, cartilage and
ligaments that form the joint itself. Some of the
most common knee injuries include: Ligament
Injuries (ACL, PCL, CL) anterior cruciate
ligament (ACL) injury is the most common one,

torn meniscus, patellar fracture, knee bursitis and
other inflammatory conditions [4].

However, Kraus et al. [5] stated that, knee
injuries in children and adolescents are rare, and
extra-articular soft tissue injuries are the most
common type of knee trauma. The number of
knee injuries and their severity increase with age,
predominantly the male part. Sports facilities and
traffic accidents are major scenarios for knee
injuries. The mechanisms and patterns evaluated
in this study can serve as the basis for efforts to
prevent knee injuries in children and
adolescents, and for necessary precautionary
measures.

This review looks at the updates in the causes,
diagnosis and management of knee injuries in
children and adolescents.

2. THE MOST COMMON KNEE INJURIES
2.1 Anterior Cruciate Ligament Injuries

The anterior cruciate ligament (ACL) is one of 2
cruciate ligaments that aids in stabilizing the
knee joint [6]. It is a strong band made of
connective tissue and collagenous fibers that
originate from the anteromedial aspect of the
intercondylar region of the tibial plateau and
extends posteromedially to attach to the lateral
femoral condyle. (Fig. 1).

Fig. 1. The tibial plateau and extends posteromedially to attach to the lateral femoral condyle
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The anteromedial bundle and posterolateral
bundle form the 2 components of the ACL. The
ACL and the posterior cruciate ligament (PCL)
together form a cross (or an “x”) within the knee
and prevent excessive forward or backward
motion of the tibia relative to the femur during
flexion and extension [7]. The ACL additionally
provides rotational stability to the knee with varus
or valgus stress. The annual reported incidence
in the United States alone is approximately 1 in
3500 people. Most ACL tears occur in athletes by
noncontact mechanisms  versus  contact
mechanisms, such as rotational forces versus a
direct hit to the knee [8]. The most at-risk
athletes for noncontact injury include skiers,
soccer players, and basketball players, while the
most at-risk athletes for contact injury are football
players [9]. Typically, injury occurs during
activity/sports play that includes sudden changes
in the direction of movement, rapid stopping,
jumping and landing abnormally, a direct blow to
the lateral aspect of the knee, or slowing down
while running. Most patients complain of hearing
and feeling a sudden “pop” and feel that their
knee “gives out” from under them at the time of
injury. Other symptoms include tenderness along
the joint line, pain, and swelling, decreased or
loss of range of motion, and difficulty ambulating
[10]. The physical exam should include timing of
the injury, mechanism of injury, ambulatory
status, joint stability, mobility, strength, palpation,
and evaluation of possible associated injuries.
Imaging with magnetic resonance (MRI) is often
utilized to confirm the diagnosis [11]. MRI is the
primary modality to diagnose ACL pathology with
a sensitivity of 86% and specificity of 95%.
Diagnosis may also be made with knee
arthroscopy to differentiate complete from partial
tears and chronic tears. Arthrography is
considered the gold standard as it is 92% to
100% sensitive and 95% to 100% specific;
however, it is rarely used as the initial step in
diagnosis as it is invasive and requires
anesthesia. ACL injuries, depending upon their
severity, can be managed no operatively or
operatively [12]. The patient with an anterior
cruciate ligament injury should be referred to the
orthopedic physician to discuss treatment options
and a physical therapist (PT) for rehabilitation.
No operative treatment is typically reserved for
those with low functional demands, type and
severity of ACL tear, time of injury, and
subsequent assessment. The decision to
undergo operative treatment is based upon many
factors such as the patient's baseline level of
physical activity, functional demands, age,
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occupation, and other associated if

present [13].

injuries,

2.2 Knee Meniscal Tears

The lateral and medial menisci are crescent-
shaped fibrocartilaginous  structures  that
collectively cover approximately 70% of the
articular surface of the tibial plateau and primarily
function in load transmission and shock
absorption through the tibiofemoral joint. The
patient's clinical presentation with a meniscal
tear is variable depending on the mechanism of
injury and degree of concomitant tibiofemoral
insults. The sensation of a "pop," with immediate
effusion of the knee during high-impact activity or
trauma, is associated with an ACL tear with a
possible associated medial meniscal tear [14]. In
contrast, effusion that develops more gradually
over the course of 24 hours is more indicative of
an isolated meniscal tear. Symptoms can also be
insidious in nature, in which low-grade effusion
and stiffness develop over the course of several
days despite the absence of an inciting event.
Pain is typically reported over the anteromedial
or anterolateral joint line. Depending on the type
and extent of the meniscal lesion, there may also
be symptoms of locking, clicking, catching,
intermittent inability to fully extend the knee, or
feeling of the knee giving way [15].

Physical examination should include inspection
of the knee for edema, palpation of the joint line,
standing and supine range of motion (ROM),
muscle strength testing, and special testing.
Anteromedial and anterolateral joint line
tenderness performed with the patient's knee at
the edge of the table at 90 degrees of flexion is
83% sensitive and 83% specific for a meniscal
tear. There may be pain and deficits in either
flexion or extension ROM depending on the type
of tear and extent of effusion. Deficits in open
kinetic chain knee flexion/extension strength
testing are unlikely [16]. Still, antalgic gait or
increased pain with single or double-leg
squatting is possible due to increased
compressive forces over the menisci. There are
several provocative special tests for the detection
of meniscal tears [17]. The Thessaly test, in
which the patient stands on one leg, squats down
to 20 degrees of flexion, and internally/externally

rotates the knee through active
adduction/abduction of the hip, is 75% sensitive
and 87% specific. McMurray's test has a

sensitivity of 61% and specificity of 84%. It
involves passively extending the supine patient's
knee from a fully flexed position to 90 degrees



flexion while maintaining full external or internal
rotation [18]. Apley's compression test, in which
the prone patient's knee is passively flexed to 90
degrees and then externally/internally rotated
with axial compressive force through the knee, is
< 20% sensitive and up to 80% to 90% specific.
When a meniscal tear is suspected, imaging
should begin with radiographs that include AP,
lateral, oblique, sunrise, and weight bearing
views to assess for concomitant bony
pathologies, loose bodies, and osteoarthritis.
Using arthroscopy as the gold standard, MRI is
the best mode of imaging to diagnose and
characterize meniscal tears. MR imaging has
been found to be 93% sensitive and 88% specific
for medial meniscal tears, and 79% sensitive and
96% specific for lateral meniscal tears [19]. Initial
treatment of the acutely painful, edematous knee
in which meniscal tear is suspected should
consist of the RICE principles for acute soft
tissue injury (rest, ice, compression, and
elevation) [20]. Oral analgesics and NSAIDS may
be prescribed to reduce pain and swelling.
Bracing or knee sleeves may be used for
protection and compression, and early pain-free
knee and ankle ROM exercise may help to limit
the loss of motion and aid in edema control. For
simple tears confined to the outer 1/3 of the
meniscus and degenerative tears, it is
reasonable to perform a 4-6 week course of
relative rest and physical therapy to determine if
spontaneous healing and return to the desired
level of function will occur [21]. Despite
conservative  management, patients  with
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persistent pain, swelling, and mechanical
symptoms should be assessed for potential
surgical intervention. For tears requiring
arthroscopic surgery, meniscal repair is preferred
over meniscectomy if possible since the risk of
accelerated osteoarthritis increases with the
removal of meniscal tissue due to decreased
cushioning and increased force transmission
across articular cartilage surfaces [22].
Factors that increase the likelihood of successful
meniscal repair include tears that occur in the
red zone of the meniscus, tears that are
shorter than 2cm, vertical longitudinal tears, and
acute tears. Rehabilitation following meniscal
repair typically includes restrictions in knee
flexion ROM and the weight-bearing status
during the first 6 weeks postoperatively,
depending on the location of the tear and type of
repair. Meniscal allograft transplantation is
considered a salvage procedure for symptomatic
patients less than 50y/o with a meniscus-
deficient compartment and otherwise stable knee
[23].

2.3 Patellar Fracture

The patella is the largest sesamoid bone in the
human body. The posterior aspect of the patella
contains a thick cartilage layer, which is the
thickest cartilage in the body. A vertical ridge
separates the medial and lateral facets of the
articular surface and articulates with the femoral
trochlea [24]. (Fig. 2).

.y, Patellofemoral

Problems

Fig. 2.
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The patella protects the anterior aspect of the
knee joint. Fractures of the patella may be due to
direct or indirect forces, and the mechanism of
injury often determines the fracture pattern. The
patella most commonly fails indirectly under
tension. Eccentric forces from the extensor
mechanism may overpower the mechanical
properties of the bone. Due to the patella’s
subcutaneous position, a direct injury may result
from a blow to the anterior knee, such as from a
fall or impact from the dashboard in a motor
vehicle accident. Fractures of the patella account
for approximately 1% of all fractures. They occur
more commonly in males. Open injuries account
for 6% to 9% of patellar fractures and are
commonly associated with other injuries given
the high energy mechanism [25]. A thorough
history and physical examination are necessary
to identify the injury mechanism and other
potential injuries. Palpation of closed injuries may
reveal crepitus, fracture gap, and swelling
indicative of hemarthrosis. A straight-leg test
must be performed to assess the extensor
mechanism, although this may be limited
secondary to pain.

Periprosthetic fractures of the patella may not
present the same as native patella fractures.
Trauma is a significant cause of periprosthetic
patellar fractures; however, some patients may
not recall a single episode that is responsible for
a fracture. At the time of diagnosis, forty-four
percent of patients with a traumatic periprosthetic
patellar fractures complained of minimal or no
symptoms [26]. Similar to the native patellar
fractures, traumatic injuries present with diffuse
anterior knee pain, tenderness to palpation,
effusion, weakness, instability, and difficulty with
stairs.

Radiographic evaluation with anteroposterior
(AP) and lateral knee radiographs should be
obtained. Lateral views are useful to assess for
the displacement of the patellar fragments [27].
Advanced imaging of patellar fractures is rarely
warranted. Imaging of bipartite patella most
commonly demonstrates a fragment at the
superolateral pole. They can be differentiated
from acute fractures by the appearance of
smooth edges. Imaging of the contralateral knee
may reveal a bilateral bipartite patella in up to
50% of cases [28].

Patients with suspected periprosthetic patellar
fractures should be evaluated with formal
anteroposterior, lateral, and skyline radiographs.
In rare situations, a Technetium-99m bone scan
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may be of use to diagnose an occult fracture or
to differentiate from an acute or chronic fracture
[29] Careful interpretation of a bone scan is
required as this type of scan may be positive for
48 months following the initial injury.

Restoration of the extensor mechanism is the
primary treatment goal for patellar fractures. No
operative management is indicated for minimally
displaced fractures (less than 2 to 3 mm of step-
off and less than 1 to 4 mm fracture gap) with the
extensor mechanism in continuity [30]. Patients
with displaced patellar fractures who are not
medically or psychologically fit for surgery may
also undergo a trial of no operative treatment. A
long-leg splint, knee immobilizer, or hinged knee
brace locked in extension can be used to
stabilize the fracture while allowing early weight-
bearing. Physical therapy is recommended after
the pain subsides to work on the active and
active-assisted range of motion. Repeat
radiographs should be obtained a week after
initiation of motion exercises to evaluate for
fracture displacement. Approximately six weeks
after the initial injury, the patient can be started
on resistance exercises [31].

Open reduction and internal fixation are indicated
for open fractures, substantially displaced
fractures, and fractures with a loss of extensor
function. Urgent irrigation, debridement, and
antibiotic treatment are indicated for open
fractures [32]. Evolutions of the surgical
treatment led to the modified anterior tension
band (MATB) technique, which combines an 18-
gauge stainless-steel wire in a figure-of-eight
configuration wrapped around two vertical
Kirschner wires (K-wires). According to the AO,
the MATB technique should be combined with an
additional cerclage around the patella to
supplement the fixation for comminuted patellar
fractures [33]. Wire migration and soft tissue
irritation have prompted research into alternative
materials and minimally invasive approaches.
Despite the variety of techniques and
instrumentations described in the literature, high
union rates and clinical outcomes based on the
Bostman grading scale have been reported after
surgical fixation. Other methods of fixation
include tension band plating along the anterior
surface, as well as circumferential cerclage
wiring or plating around the perimeter of the
patella. These methods of fixation are typically
reserved for highly comminuted fractures in
which tension band principles cannot be used
[34].
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Fig. 3. On MRI imaging, bursitis appears as an oblong fluid collection in its expected
anatomical location

2.4 Knee Bursitis

A bursa is a fluid-filled structure that is present
between the skin and tendon or tendon and
bone. The main function of a bursa is to reduce
friction between adjacent moving structures.
Typically, bursae are located around large joints
such as the shoulder, knee, hip, and elbow.
Inflammation of this fluid-filled structure is called
bursitis [35]. Trauma, infection, overuse, and
hemorrhage are some of the common causes for
inflammation. Other causes include systemic
illness like collagen vascular disease and
inflammatory arthropathy; in some instances the
cause is unknown [36]. Some cases of bursitis
are associated with certain occupations and are
named accordingly; for instance, prepatellar
bursitis is also known as housemaid's knee and
superficial infrapatellar bursitis is synonymous
with clergyman's knee [37].

Bursae around the knee can be grouped as
those that occur around the patella and those
that occur elsewhere [38]. Bursae around the
patella include the prepatellar bursa, the
superficial and deep infrapatellar bursae, and the
suprapatellar bursa. Bursae that are not
anatomically close to the patella include the pes
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anserine bursa, the iliotibial bursa, the tibial and
fibular collateral ligament bursae and the
gastrocnemius-semimembranosus bursa. On
MRI imaging, bursitis appears as an oblong fluid
collection in its expected anatomical location [39]

(Fig. 3).
3. CONCLUSION

Knee injuries are common, often resulting from
multiple forces: Varus, valgus, hyperextension,
hyperflexion, internal rotation, external rotation,
anterior or posterior translation, and axial load.
Certain combinations of forces are known to
cause specific injury patterns. Knee injury can
affect any of the ligaments, tendons or fluid-filled
sacs (bursae) that surround knee joint as well as
the bones, cartilage and ligaments that form the
joint itself. ACL injuries are one of the most
common types of knee injuries, also meniscus
tears which are common in sports that require
jumping, patellar fracture, and knee bursitis.
Magnetic resonance (MR) imaging is widely used
to assess knee injuries more completely.
Radiologists are accurate at detecting individual
injuries and combinations of injuries. Operative
and non-operative treatment are done according
to the case.
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