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Traumatic Knee Injuries

Steffen Sauer and Mark Clatworthy

5.1 Patella Dislocation

5.1.1 Background

The patella represents the largest sesamoid bone
of the human body and is incorporated into the
quadriceps tendon. Patella dislocations are a
common sports-related knee injury and defined
as the complete disengagement of the patella
from the trochlear groove. According to the con-
sistency and associated trauma mechanism,
patella dislocations may be subdivided into trau-
matic, recurrent and habitual dislocations.
Traumatic (inaugural/single) dislocations are
usually the result of a relevant trauma, typically a
pivoting manoeuvre with a twisting movement
about the flexed knee [1]. Recurrent (several)
patella dislocations usually occur during normal
activities and are facilitated by dysplastic changes
in the patellofemoral joint [2, 3]. Habitual patella
dislocation is defined as the consistent disloca-
tion of the patella whenever the knee is flexed.
Predisposing factors of patella dislocation
include genu valgum, patella alta, increased dis-
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tance between the tuberositas tibia and the troch-
lear groove (TTTG distance) as well as increased
internal rotation and anteversion of the femur [1,
4]. The patella usually dislocates laterally, lead-
ing to a rupture of the medial patellofemoral liga-
ment (MPFL). Subsequently, the lack of medial
retrain supported by the MPFL may lead to patel-
lar instability and recurrent dislocation, espe-
cially in cases with associated bony dysplasia or
muscle weakness. Spontaneous reposition is usu-
ally seen, otherwise emergency reduction is
required.

5.1.2 Symptoms

Symptoms arising from patella dislocation are
frequently related to the preceding trauma and
type of dislocation. Traumatic first-time patella
dislocation usually provokes medial para-patellar
pain as a result of capsular disruption which is
often followed by rapid onset of effusion.
However, effusion may be absent, especially in
recurrent dislocations where giving way and
locking may be the leading symptoms.

5.1.3 Diagnosis
The diagnosis is typically made with the patella

reduced as the vast majority of patella disloca-
tions undergo spontaneous reduction. Clinical
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examination will usually reveal pain or a depres-
sion upon palpation of the medial retinaculum,
usually disrupted during the dislocation. Pain
during patellofemoral compression or palpation
of the lateral condyle is usually present as a result
of the patellofemoral collision during the disloca-
tion. A positive apprehension sign when the
examiner attempts to manually reproduce the
luxation may be present and is thought to be
pathognomonic for patella dislocation. In patients
with recurrent patella luxation, patellar mal-
tracking may become evident with a positive
J-sign when the knee is extended. Massive effu-
sion is typically seen in association with osteo-
chondral lesions.

5.1.4 Imaging

Radiographs may visualize irregularities in the
contour of the lateral femoral condyle and/or
the medial patella facet consistent with osteo-
chondral fractures. CT scanning should be per-
formed if osteochondral lesions are suspected.
MRI is used to visualize bone bruising as a
result of the patellofemoral collision (Fig. 5.1)
and identify eventual concomitant ligamentous

Fig. 5.1 Bone bruising following patellofemoral colli-
sion during luxation

or meniscal lesions. Furthermore, MRI is used
to identify the degree of patellofemoral
malalignment including the TTTG distance
which has implications for the indication of
surgical realignment procedures, such as tibial
tubercle osteotomies.

5.1.5 Treatment

If the patella is dislocated, emergency reduction
in indicated; the knee is hereby extended and the
patella is reduced centrally. Following spontane-
ous or manual reduction of first-time patella dis-
location, a conservative treatment approach is
indicated [4]. This may entail RICE (rest, ice,
compression, elevation), initial knee immobiliza-
tion and progressive muscle strengthening. Knee
arthroscopy may be indicated in the setting of
chondral damage or osteochondral lesions that
require refixation [1]. In recurrent cases of patella
dislocation, surgical stabilization of the patella
by either repairing or reconstructing the MPFL is
indicated. However, there is no reliable data
regarding joint stability or patient satisfaction
after either conservative or operative treatment.
Procedures that aim for correction of dysplasia as
trochleoplasties should be reserved for cases in
which basic surgery has failed.

5.1.6 Take-Home Message

The majority of first-time patella dislocations can
be treated conservatively. However, acute CT
scan is indicated in cases with massive knee effu-
sion to identify eventual osteochondral lesions
which are suitable for subacute refixation [1].

5.1.7 Treatment Algorithm
First-time patella Conservative treatment
dislocation
Recurrent patella
dislocation
First-time patella
dislocation with
osteochondral lesion

MPEFL reconstruction

Osteochondral refixation if
possible and MPFL
reconstruction
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5.1.8 Facts

e Common injury.

e The vast majority of patella dislocations relo-
cate spontaneously.

* MRI may be useful to identify typical bone
bruising from patellofemoral collision when
anamnesis is inconclusive.

5.2  Meniscus Injury

5.2.1 Background

Meniscal lesions are among the most common
injuries of the knee joint and the most frequent
indication for knee arthroscopy. Meniscal lesions
are more often degenerative than traumatic in ori-
gin and classified after location (medial/lateral,
anterior/posterior) and by morphology (longitudi-
nal, radial, horizontal, flap tear type, bucket han-
dle type). Bucket-handle tears are further
classified in accordance to location and associated
meniscal blood supply from the geniculate artery
which has implications for healing potential
(white-white zone, red-white zone, red-red zone)
[5]. Meniscal lesions of the menisco-capsular
junction area (ramp lesions) and the meniscal root
area are further classified in accordance to spe-
cific injury pattern, which has implications for
treatment procedures [6]. The medial meniscus is
more frequently injured than the lateral meniscus
due to its more rigid tibial and capsular attach-
ment [7]. However, in association with ACL
injures, lateral meniscal tears including root inju-
ries are reported to be more frequent compared to
medial meniscal tears [8]. The latter, however,
may be easily missed during arthroscopy if the
posterior menisco-capsular junction area of the
medial meniscus is not thoroughly inspected [6].
The medial meniscus does not only account for
half of the shock capacity of the medial compart-
ment but does also restrain the tibia from anterior
translation [9]. This is the reason why a large
number of patients with ACL injuries have con-
comitant tears of the medial meniscus [7]. The
lateral meniscus is more mobile compared to the
medial meniscus. As the knee moves, the lateral

meniscus moves back and forth across the tibia
and is hereby stabilized by menisco-femoral liga-
ments. As the lateral meniscus can absorb up to
70% of the shock to the lateral compartment of
the knee, total lateral meniscectomy is commonly
associated with rapid onset of OA. Recently, the
role of the lateral meniscus for rotational knee sta-
bility has become more evident which has empha-
sized the importance of meniscal root repairs for
better ACLR outcomes [10]. Over time, menisci
become more rigid and the incidence of degenera-
tive meniscal tears increases. Especially in asso-
ciation with osteoarthritis, degenerative lesions of
the posterior horn of the medial meniscus are fre-
quently seen. There is an emerging body of litera-
ture challenging the beneficial effect of partial
meniscectomy as a treatment strategy of these
lesions [11, 12]. Traumatic meniscal lesions usu-
ally arise from a twisting movement about the
flexed knee with the ipsilateral foot planted; the
resulting compressive and rotational forces cause
the meniscus to tear. Degenerative lesions usually
show a subtle debut without a history of preceding
trauma.

5.2.2 Symptoms

Symptoms arising from meniscal tears are fre-
quently related to location, morphology and ori-
gin of the lesion. Purely traumatic meniscal
lesions are associated with a sudden onset of
focal pain after a rotational knee trauma.
However, the degree of instant posttraumatic pain
is variable. Patients sustaining small tears with-
out tissue displacement usually proceed with
sports activities. Severe tears are associated with
more significant pain, and especially in bucket-
handle meniscus lesions, hemarthrosis and
reduced range of knee motion is usually present.
However, a complete bucket-handle lesion may
be luxated anteriorly without compromising
range of knee motion. Other symptoms of menis-
cal injury include click sensation, catching and
instability due to proprioceptive misinformation
caused by the interference of meniscal tissue.
Instability may eventually be aggravated by cru-
ciate or collateral ligament injuries. Degenerative
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lesions often show a subtle debut of diffuse pain
without preceding trauma. The ability to squat is
usually compromised. A serous effusion and
quadriceps atrophy may be encountered.

5.2.3 Diagnosis

The diagnosis of meniscal tears is based on
anamnesis followed by clinical examination.
Partial, horizontal and anterior meniscal tears
without mechanical interference may present
without clinical findings. Meniscal injuries are
typically associated with pain upon palpation of
the respective joint line and may be aggravated
by a variety of meniscal provocation tests. The
accuracy of the physical examination is depen-
dent on the type of injury and the observer [13].
Among the most important tests are McMurray’s
test (pain or popping sensation over the joint line
during external tibial rotation under repeated pas-
sive flexion/extension) [13], the Steinmann I sign
(pain during passive knee rotation) and the
Thessaly test [14]. The latter has recently been
popularized as loading forces on the menisci are
simulated; the patient stands hereby on one leg
with the knee flexed while actively rotating the
knee and body. Pain or locking constitutes a posi-
tive test. As no isolated test is highly conclusive,
a combination of meniscal provocation tests is
recommended, and multiple positive findings
with a history of relevant trauma suggest a menis-
cal injury. A negative test does not exclude a
meniscal lesion. Hemarthrosis and reduced range
of motion are commonly seen in association with
displaced meniscal tears. However, a displaced
bucket-handle tear extending into the anterior
horn of the meniscus is associated with little or
no loss of extension.

5.2.4 Imaging

MRI represents the main imaging modality for
the diagnosis of meniscal tears and shows high
sensitivity and specificity. Especially when range
of knee motion is compromised, MRI should be
performed to visualize meniscal injuries that

require immediate attention [15]. Generally,
however, MRI findings need to be interpreted in
relation to clinical findings. Mucoid degeneration
of the meniscus, which is associated with an
increased signal from the centre of the meniscus,
is a common finding and should not be misinter-
preted as a traumatic tear. Recently, the role of
MRI in the diagnosis of degenerative meniscus
injuries has been challenged as consecutive
arthroscopic procedures are rarely indicated.

5.2.5 Treatment

The treatment of meniscal tears should depend on
location, morphology, origin as well as the corre-
lation of meniscal injuries with clinical symptoms
and associated lesions. Other factors affecting
treatment procedures include patient age and
activity level. In general, treatment of meniscal
lesions should always aim to restore the best pos-
sible function of the meniscus, consequently
reducing pain [9]. Bucket-handle lesions
(Fig. 5.2a, b) with high healing potential should
be reinserted, regardless of patient age. Different
methods are hereby used including all-inside,
inside-out and outside-in suturing techniques,
which are mostly dependent on lesion accessibil-
ity [16, 17]. Isolated meniscal lesions without
mechanical symptoms and chondral erosion may
initially be treated conservatively. Partial menis-
cectomy is indicated for cases in which resection
of disfunctional meniscal tissue is believed to
optimize meniscal pressure distribution by restor-
ing a sharp meniscal rim, e.g. in flap-tear lesions
or radial tears. However, it must be kept in mind
that the loss of functional meniscal tissue may
enhance chondral degeneration [18, 19] (Fig. 5.3).
Unstable meniscal lesions that affect the meniscal
root or ramp areas should be addressed, especially
in the setting of concomitant ACL injury. Meniscal
root avulsions should be reattached through a
transtibial tunnel [20, 21]. Unstable meniscal
ramp lesions are best addressed with an all-inside
or inside-out suturing technique through an addi-
tional posteromedial portal [22]. In contrast,
degenerative lesions with underlying OA without
meniscal displacement and mechanical symptoms



5 Traumatic Knee Injuries 49

LA

Fig. 5.2 Acute bucket-handle meniscus lesion. (a) (left):  meniscal tissue lying between the femur and tibia may
a small meniscal rim can be seen where the meniscus has  cause an extension deficit
been detached from the capsule. (b) (right): interfering

5.2.7 Diagnosis Algorithm for Acute
Meniscal Injuries

Hemarthrosis and MRI to exclude fracture, patella

reduced range of dislocation, ligament lesions

knee motion and bucket-handle meniscus
injury

Normal range of RICE and re-evaluation after

motion without 2-3 weeks

instability

5.2.8 Diagnosis Algorithm
for Chronic Meniscal Injuries

Fig. 5.3 Complex meniscus injury. The central part of
the meniscus lies between the femur and tibia as the

Plai di h C tive treat t
bucket-handle part of the injury. The peripheral part of the shzcl)lx 18 Al P OnServative treatmen

meniscus is torn transversally leaving a lower and upper

. . Plain radiographs MRI to visualize meniscal
meniscal portion

without OA injuries suitable for surgery

should be treated conservatively as no evidence is
supporting the beneficial effects of partial menis-
cectomy [5, 23-26]. Meniscus allograft transplan-  5.2.9 Treatment Algorithm

tation is an option for special cases.
Degenerative meniscal Conservative treatment

lesions

Bucket-handle Subacute arthroscopy and
5.2.6 Take-Home Message meniscal lesions meniscal reinsertion

RAMP lesions Inside-out or all-inside suture
Patients presenting with the inability to fully where indicated

Root lesions Transtibial root refixation

extend the knee after a relevant trauma should
undergo subacute MRI to identify meniscal inju-
ries that require immediate attention such as
bucket-handle lesions.
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5.2.10 Facts

e The meniscus should always be preserved if
possible [15, 27].

* Meniscal surgery is specialist surgery demand-
ing special techniques, especially for root and
ramp lesions.

e There is no evidence supporting the beneficial
effect of partial meniscectomy in patients with
underlying OA.

5.3  ACLInjury

5.3.1 Background

The anterior cruciate ligament (ACL) enables
stable knee kinematics by limiting internal tibial
rotation and anterior tibial translation. As the ACL
has migrated anteriorly during embryologic
development to its more central position, it has
preserved synovial coverage. The ACL has been
thought to be comprised of two distinguishable
bundles: an anteromedial and a posterolateral
bundle. Recent and revisited anatomical studies,
however, have emphasized the ribbon-like struc-
ture of the ACL [28], proposing a new nomencla-
ture in which no longer bundles are distinguished
but direct from indirect fibres according to their
insertional morphology [29]. Acute ACL ruptures
are predominantly the result of a non-contact rota-
tional or hyperextensional trauma (Fig. 5.4) [30,
31]. Altered biomechanics of the ACL-deficient
knee may cause symptoms of instability, subse-
quent meniscal and chondral injury as well as
osteoarthritis [32, 33]. ACL reconstruction
(ACLR) is preformed to improve knee stability
and shows overall satisfactory results and low
revision rates. The therapeutic approach to ACL
injuries has historically been a dynamic process,
entailing repair procedures, augmentations, open
and arthroscopic reconstructions as well as a vari-
ety of graft choices. Even though arthroscopic
procedures are currently chosen over open
approaches and reconstructions over repair proce-
dures, the optimal graft choice is still controver-
sially discussed. Meta-analysis of studies
comparing the outcomes of ACLR depending on
graft choice including auto- and allografts and

Fig.5.4 ACL injury: arthroscopic view

bone-tendon versus pure tendon grafts have not
emerged a specific superior graft [34—41]. The
reconstruction of both ACL bundles (double-
bundle ACLR) has been proposed by some
authors [42, 43]. However, its necessity has been
challenged as the procedure is technically more
demanding without clearly improving patient out-
comes [44, 45]. In single-bundle ACLR, graft
positioning has been a matter of debate, especially
after the transportal ACLR technique has been
established as the gold standard [46—48]. Patients
with high grade pivot-shift and habitual ligament
laxity have shown higher ACL failure rates. In
these patients, additional extra-articular stabiliz-
ing procedures as the lateral tenodesis or anterior
lateral ligament (ALL) reconstruction have cur-
rently been popularised and thought to lower
ACLR failure and revision rates [49-52]. In gen-
eral, the susceptibility of ACL lesions is higher
among women compared to men engaged in the
same pivoting sports [53-55]. Physiological fac-
tors such as neuromuscular control and
quadriceps-dominant deceleration, the geometri-
cal shape of the knee joint and hormonal factors
are thought to be the explanation of this disparity
[47, 48, 56-61].

5.3.2 Symptoms

Symptoms associated with ACL injury include a
hearable snap at the time of injury followed by
the inability to continue sports activity and rapid
onset of knee effusion. Other symptoms including
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pain and reduced range of knee motion may be
present and are usually aggravated by concomi-
tant meniscal injuries. Subjective instability with
or without giving way phenomenon is usually
reported. However, subjective instability may
first be evident when pain is resolved and the
knee is fully loaded.

5.3.3 Diagnosis

Clinical assessment of the knee is best performed
shortly after ACL injury before the onset of mus-
cular guarding. The Lachman’s test is referred to
as the gold standard [62, 63]; the knee is hereby
flexed 20-30°, and the amount of anterior tibial
translation and the quality of the translation end-
point are evaluated by pulling the lower leg in a
forward direction [64]. The test usually induces
less pain and muscular guarding than the anterior
drawers test in which the knee is flexed 90° or the
pivot-shift test, in which a dynamic subluxation of
the tibia is induced [65]. Meta-analysis of the effi-
cacy of these tests finds the Lachman test to be the
most useful with sensitivity and specificity of 85%
and 94%, respectively [62]. Especially regarding
the anterior drawers test, PCL injury may mimic
ACL insufficiency as the posterior sag will give
the impression of increased anterior tibial transla-
tion, when in fact the knee is reduced to its neutral
position. The clinical examination should include
assessment of concomitant injuries that require
immediate attention as bucket-handle meniscal
lesions, acute patellar dislocations, MCL lesion,
rupture of the popliteus tendon as well as PCL
lesions. Hemarthrosis may be evacuated by percu-
taneous aspiration for pain relief.

5.3.4 Imaging

MRI is used to confirm the diagnosis and visual-
ize concomitant injuries. Plain radiographs may
visualize an avulsion fracture of the lateral tibial
plateau referred to as the Segond fracture which
is usually associated with ACL injury [66, 67]. In
addition, plain radiographs may visualize frac-
tures of the intercondylar eminentia which may
be suitable for ORIF to avoid ACL insufficiency.

5.3.5 Treatment

Acute management of ACL injury include RICE
and oral analgesics. Crutches may initially be
indicated to avoid full weight-bearing in cases of
severe instability. Further management including
the necessity and timing of eventual ACL recon-
struction is dependent on several factors as
patient age and functional level, degree of insta-
bility, the condition of the knee and concomitant
injuries. In general, patients with concomitant
ligament injury or unstable meniscus lesions usu-
ally need surgical reconstruction due to increased
instability of the knee [68]. Furthermore, patients
who experience significant knee instability wish-
ing to resume high-demand sports or occupation
usually benefit from ACL reconstruction. Isolated
ACL lesions with stable meniscal lesions may be
treated conservatively, especially if return to piv-
oting sports is not desired [69]. As a general rule,
ACL surgery is scheduled 6-8 weeks after the
injury when normal range of motion is restored
and peripheral structures including MCL lesions
have healed. Injuries that need immediate surgi-
cal attention (e.g. bucket-handle injuries) should
be addressed subacutely. Even though evidence
is inconclusive, ACL reconstruction is often post-
poned until normal range of knee motion is
restored to avoid complications including arthro-
fibrosis [70, 71]. However, there is no consensus
among knee surgeons regarding optimal timing
of ACLR. According to a systematic review of 69
studies including 7556 participants, 90% of
patients undergoing ACL reconstruction achieve
normal or near normal knee function. However,
only 55% of patients resume their preinjury level
of competition [72]. This suggests that psycho-
logical factors like fear of reinjury may play an
important role in the treatment of ACL injury [72,
73]. There is no cutoff age for ACL reconstruc-
tion, and based on observational studies, it shows
overall satisfactory results in patients over
40 years of age [74]. Even though rigorous pro-
spective studies are rare, ACL deficiency is
thought to be associated with increased risk of
chondral and meniscal degeneration [75]. It
remains a matter of debate how much the initial
trauma itself contributes to progressive joint
degeneration and to what extend ACL
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reconstruction may modulate this risk [76-78]. In
addition, the severity of the initial trauma, extend
of meniscal injury, knee biomechanics and subse-
quent patient activity level may affect the devel-
opment of joint degeneration.

5.3.6 Take-Home Message
A relevant knee trauma with early onset of effu-
sion is highly suspicious for ACL injury.

Muscular guarding may conceal instability, espe-
cially concerning the anterior drawers test.

5.3.7 Treatment Algorithm

If ACLR is indicated Usually 6-8 weeks after
injury when range of
motion is normalized

ACL rupture with Subacute meniscal suture

concomitant bucket-handle
meniscal injury and fixed
flexion deformity

if indicated, delayed
ACLR until range of
motion is normalized

5.3.8 Facts

» Up to seventy-seven percent of patients pre-
senting with traumatic knee hemarthrosis have
an ACL injury [79].

e ACLR delay may enhance meniscus and
chondral degeneration [80].

e ACL deficiency is associated with increased
risk of further injury (e.g. meniscal tear),
chronic pain and decreased level of activity.

e OA may develop regardless of treatment
approach [76, 81].

e No graft choice has been shown to be
superior.

* Geometrical features of the knee joint affect
ACL injury and ACL graft failure risk [47].

5.4  PCLInjury

5.4.1 Background

The posterior cruciate ligament (PCL) is the
strongest of the intra-capsular ligaments of the

knee and primary restrain to posterior tibial trans-
lation [82]. As the PCL has migrated anteriorly
during embryologic development to its more cen-
tral position, it has preserved synovial coverage.
This extra-synovial location accounts for limited
effusion in isolated PCL ruptures. The proximity
to the posterior capsule, however, ensures blood
supply to the PCL after complete rupture, which
allows satisfactory results of primary PCL repair
and conservative treatment in some cases [83—
85]. The femoral and tibial insertion sites of the
PCL are approximately three times larger than its
mid-portion diameter. The PCL is inconsistently
accompanied by two ligamentous structures that
stretch between the medial condyle and posterior
horn of the lateral meniscus, referred to as the
Humphrey and Wrisberg ligament. PCL ruptures
may be classified based on timing (acute versus
chronic) and severity (isolated versus multi-
ligament). Isolated PCL ruptures are rare and
usually the result of a fall onto the flexed knee or
forced hyperextension. PCL lesions are more
likely found in the setting of complex multi-
ligament injuries after high-velocity trauma
mechanisms. In these cases, thorough assessment
of the knee including the neurovascular status is
crucial for satisfactory outcomes [86]. Isolated
PCL lesions usually show subtle clinical appear-
ance and may therefore go frequently undetected,
leading to chronic insufficiency, a flexion deficit
or generalized anterior knee pain [87]. The
majority of athletes with isolated PCL injuries
may continue to function at a high level [83, 84].

5.4.2 Symptoms

Clinical findings of acute PCL ruptures are highly
dependent on the preceding trauma and thereof
resulting concomitant injuries. Especially lesions
of the posterolateral corner may severely aggra-
vate knee instability. In isolated PCL lesions, effu-
sion is uncommon as the blood usually drains into
the posterior soft tissues and lower leg. In addition,
muscle guarding may conceal mild instability.
Pain in the fossa poplitea may therefore be the
only perceptible symptom. A popping sensation is
rarely reported, and patients with isolated PCL
lesions are usually able to instantly resume
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sporting activities. In contrast, PCL lesions in the
setting of multi-ligament lesions are usually asso-
ciated with hemarthrosis, severe instability, inabil-
ity to bear weight as well as reduced range of knee
motion. Patients presenting with chronic PCL
deficiency suffer from a fixed anterior subluxation
of the medial femoral condyle in relation to the
tibia, which may cause generalized anterior knee
and symptoms related to degeneration of the
medial tibiofemoral joint compartment [87, 88].

5.4.3 Diagnosis

Acute and especially isolated PCL lesions may be
challenging to diagnose and are frequently over-
looked. Spontaneous posterior drawer sign is rare
and primarily present with concomitant injury of
the posterolateral corner [89]. Anterior-posterior
translation is frequently seen in the chronic phase
when muscular guarding is overcome [90]. In
these cases, a positive posterior drawer test and
positive posterior drawer palpation test are typi-
cally found (metacarpal joints of the observer’s
hand react sensitive to hyperextension and may
help to identify a spontaneous posterior drawer
test). Lesions of the posterolateral corner with
rotational instability are assessed with the dial
test; the patient is hereby lying prone, and both
knees are externally rotated and compared.

5.4.4 Imaging

Plain radiographs may visualize posterior tibial
displacement or an avulsion fracture of the tibial
PCL insertion site. Subacute MRI is indicated
when PCL lesions are suspected. However, MRI
does not reveal the functional status of the PCL
and degree of instability of the lesion. Treatment
is therefore based on anamnesis and clinical find-
ings including the degree of tibial displacement
and associated functional instability.

5.4.5 Treatment

Displaced avulsion fractures of the tibial inser-
tion without comminution should undergo ORIF

to prevent PCL insufficiency. Arthroscopically
assisted procedures and fracture fixation with
suspension devises have also shown promising
results. Ligamentous lesions should primarily
undergo conservative treatment including reha-
bilitation with a dynamic brace that supports
anterior reposition of the tibia during flexion
[91]. Results after conservative treatment with
mild instability are usually good [84, 92]. PCL
reconstruction (PCLR) is indicated in cases of
chronic instability [93, 94]. Surgical results after
PCLR, especially after severe instability, are
worse compared to ACLR outcomes [95-97].
PCL lesions in the setting of a multi-ligament
injury should be treated operatively while
addressing all injuries in a single operation to
ensure early mobilization which is thought to be
of paramount importance for satisfactory out-
comes [98].

5.4.6 Take-Home Message

Isolated PCL lesions are easily overlooked. Pain
in the fossa poplitea after a relevant trauma may
be the only symptom.

5.4.7 Treatment Algorithm

Acute isolated PCL Dynamic bracing
Chronic PCL lesions with ~ Physiotherapy
mild instability

Chronic PCL lesion with
distinct instability

PCL injury in the setting of Multi-ligament
multi-ligament lesions (e.g. reconstruction in a single
PLC) operation

PCL reconstruction

5.4.8 Facts

e PCL lesions with spontaneous posterior
drawer sign are usually associated with lesions
of the posterolateral corner (PLC) [89].

e Massive effusion after PCL injury is uncom-
mon as the blood usually drains into the poste-
rior soft tissues and lower leg.

e Isolated PCL lesions show good outcomes
when treated conservatively.
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5.5 MCL Injury
5.5.1 Background

The medial collateral ligament (MCL) is one
of the most commonly injured structures of the
knee joint [99, 100]. Partial or complete MCL
ruptures are typically the result of a direct val-
gus trauma, less frequently the result of indi-
rect injury mechanisms including abduction
and rotation of the lower leg [101]. MCL inju-
ries usually carry low morbidity, in spite of the
complex three-layered medial anatomical
structure of the knee [102-104]. The superfi-
cial MCL (sMCL) is located within the second
layer between the deep MCL and the sartorial
facia. The superficial MCL is considered the
main static retrain against valgus stress and
rotational forces. The deep MCL lies in the
third and deepest layer and forms the middle
third of the medial capsule [104]. The deep
MCL is not ascribed a significant joint-stabi-
lizing function [105]. From the second and
third layer originates a conjoint ligamentous
structure referred to as the posterior oblique
ligament (POL).The deep MCL and posterior
oblique ligament have attachments to the
medial meniscus which explains why MCL
injuries may be associated with medial menis-
cal tears. MCL injuries are classified into
minor stable injuries (grade I), partial injuries
with mild instability (grade II) and complete
tears with severe instability (grade III). MCL
injuries carry low morbidity and tend to heal
without complications undergoing the follow-
ing stages: haemorrhage, inflammation, repair
and remodelling. Most patients will resume
pre-injury level of competitive sports follow-
ing conservative treatment. Even though most
MCL injuries occur isolated, they may be asso-
ciated with both ACL and medial meniscus
injury, referred to as the unhappy triad. Patients
with chronic symptomatic MCL insufficiency
should undergo MCL reconstruction [106,
107]. Patients with acute MCL lesions in a
severe multi-structural injury setting should
undergo repair or reconstruction to ensure
early mobilization [106, 108, 109].

5.5.2 Symptoms

Isolated MCL injury is usually associated with
pain and periarticular swelling along the course
of the MCL. Joint effusion is usually absent and
typically indicates concurrent intra-articular
structural injury. Concomitant ACL and meniscal
injury may aggravate instability and impair range
of motion.

5.5.3 Diagnosis

Clinical findings are tenderness along the MCL,
predominantly at the femoral insertion site.
Instability may be present in 20-30° of flexion
indicating MCL insufficiency. Instability in both
20-30° of flexion and extension is usually a sign
of combined MCL and ACL injury.

5.5.4 Imaging

Plain radiographs may visualize a bony MCL
avulsion. In chronic cases, an osseous irregularity
at the femoral insertion site is seen as a result of
repetitive trauma, referred to as the Pellegrini-
Stieda complex [67, 110]. MRI and ultrasound
are used to confirm the diagnosis. Stress radio-
graphs comparing both knees where manual val-
gus stress is applied may be used to quantify the
extent of instability [111, 112].

5.5.5 Treatment

Isolated MCL sprains without valgus instability
may be treated conservatively after the RICE
principle (rest, ice, compression and elevation)
[108]. Early remobilization is encouraged. Grade
IT and IIT lesions associated with valgus instabil-
ity require a coronal stabilizing brace for
5-6 weeks; free range of motion is usually
granted. Surgical intervention is rarely indicated
as conservative treatment usually shows good
results [107]. However, a grade III lesion is often
associated with multi-ligament lesions where
repair procedures or reconstruction may be
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indicated in a multi-ligament reconstruction set-
ting [108, 113, 114]. In chronic cases with ongo-
ing instability, MCL reconstruction is usually
indicated [100].

5.5.6 Take-Home Message

Even though isolated MCL injury is frequently
seen, thorough assessment of the knee is crucial
to correctly identify concomitant meniscal or
ligamentous injury.

5.5.7 Treatment Algorithm
Grade RICE following early remobilization
I
Grade Coronal stabilizing brace with free range of
II motion for 6 weeks
Grade Often associated with multi-ligament lesions
I where repair procedures or reconstruction may

be indicated
5.6 LCL Injury/Posterolateral
Corner Injury
5.6.1 Background

The lateral (fibular) collateral ligament (LCL)
stretches from the lateral femoral epicondyle to
the anterolateral aspect of the fibular head. Due to
its tubular shape and the fact that the axial rota-
tional axis of the knee lies within the medial
compartment [115], complete injuries of the LCL
usually lead to significant instability and poor
conservative healing potential. If undetected or
untreated, chronic instability is usually seen, fre-
quently associated with a thrust gait [116, 117].
Isolated LCL lesions are rare and the result of a
direct varus trauma. Most frequently, LCL lesions
are present in the setting of multi-ligament inju-
ries following high-energy trauma mechanisms
[118]. The most common associated injuries are
the posterior cruciate ligament, the popliteus ten-
don and the popliteo-fibular ligament [119]. The
latter are referred to as the main static stabilizing
structures of the posterolateral corner (PLC) in

conjunction with the LCL. Other structures form-
ing the posterolateral corner include the lateral
capsule and iliotibial band, the biceps tendon and
lateral head of the gastrocnemius muscle as well
as variable structures as the arcuate and fabello-
fibular ligament. Especially following high-
energy trauma mechanisms, a fibular avulsion
fracture (arcuate fracture) or a common peroneal
nerve injury may be present [120].

5.6.2 Symptoms

Pain and swelling along the lateral aspect of the
knee is usually found. Complete LCL lesions and
associated ACL/PCL or PLC injuries lead to insta-
bility near full knee extension [121], typically com-
pounding stair climbing and pivoting manoeuvres.

5.6.3 Diagnosis

Ecchymosis and lateral joint line tenderness may
be present and may be aggravated by concomi-
tant meniscal injuries. Coronal stability of the
knee is assessed in 20-30° of flexion and exten-
sion. Instability in extension and 20-30° of flex-
ion is usually associated with injuries of the
posterior capsule and cruciate ligaments.
Rotational stability is assessed with the dial test;
the patient is hereby lying prone, and both knees
are externally rotated at 30 and 90° of flexion.
The extent of external rotation is compared to the
non-affected side. Rotational asymmetry at 30°
but not in 90° indicates an isolated PLC injury.
Rotational asymmetry at 30 and 90° indicates a
combined PLC and PCL injury. Chronic instabil-
ity may become evident in a thrust gait.

5.6.4 Imaging

MRI is used to confirm the diagnosis. Plain radio-
graphs may visualize a fibular avulsion fracture of
the biceps tendon suitable for subacute refixation.
Stress radiographs comparing both knees where
manual varus stress is applied may be used to quan-
tify the extent of joint opening and instability.
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5.6.5 Treatment

Isolated partial LCL lesions with no varus instabil-
ity in full knee extension may initially be treated
conservatively. This entails RICE (rest, ice, com-
pression, elevation) and functional rehabilitation
with a coronal stabilizing brace for 6 weeks.
Conservative treatment of complete LCL lesions
may result in ongoing varus instability. In these
cases, LCL reconstruction is usually indicated.
Patients with rotational instability should undergo
LCL/PLC reconstruction. Patients with combined
ACL/PCL and LCL/PLC insufficiency should
undergo multi-ligament reconstruction [118].

5.6.6 Take-Home Message
LCL lesions are frequently associated with

lesions of the posterior cruciate ligament and
structures of the posterolateral corner (PLC).

5.6.7 Treatment Algorithm

Grade I and I LCL RICE and coronal
lesion stabilizing brace for 6 weeks
Grade III LCL lesion LCL reconstruction

with coronal instability
LCL/PLC lesion with
rotational instability
Multi-ligament setting

LCL/PLC reconstruction

Acute reconstruction
+(ACL/PCL/LCL/PCL)

5.7  Multi-Ligament Injury

Multi-ligament injuries are predominantly the
result of high-energy trauma mechanisms, and
their management require high specialist exper-
tise [122]. Ongoing development in the field of
sports traumatology has uncovered a much higher
incidence of multi-ligament injuries than initially
thought. Thorough assessment of the knee after
relevant trauma is crucial to correctly identify the
extent of complex multi-ligament injuries [86,
123]. Multi-ligament injuries are typically
addressed in a single operation to ensure early
mobilization which is thought to be of paramount

importance for satisfactory outcomes. In chronic
situations, malalignment of the lower limb needs
to be addressed before collateral ligament recon-
struction is performed. In acute initial manage-
ment of multi-ligament injuries, the neurovascular
status needs to be assessed in accordance to
ATLS principles, and CT angiography should
always be considered in order to identify vascular
injury, especially after knee dislocation [124,
125]. Overlooked vascular injuries are associated
with high morbidity and may lead to amputation
of the lower limb [120].

5.8 Quadriceps Tendon
and Patellar Ligament
Rupture

5.8.1 Background

Quadriceps tendon and patellar ligament ruptures
may be partial or complete and commonly affect
the non-dominant knee of male patients beyond
30 years of age. In younger patients, ruptures are
usually the result of a direct trauma. In older
patients, the rupture usually represents the final
stage of prolonged underlying tendon degenera-
tion. Associated factors which are thought to
increase the susceptibility of these ruptures
include diabetes, connective tissue disorders,
renal failure and the use of intra-articular injec-
tions or fluoroquinolone antibiotics [126, 127].

5.8.2 Symptoms

Patients with acute ruptures present with pain and
swelling at the rupture site. A popping sensation
may be noted at the time of injury, especially in
complete ruptures, followed by the inability to
continue with sports activity.

5.8.3 Diagnosis
Tenderness and a palpable defect at the rupture site

of the quadriceps tendon or patellar ligament is usu-
ally found. Knee extension against resistance and a
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straight leg rise is usually not possible. Quadriceps
tendon rupture is associated with reduction of the
patella height, while patellar ligament rupture is
associated with elevation of the patella height.

5.8.4 Imaging

Ultrasound and MRI are used to confirm the
diagnosis. Plain radiographs may show patella
alta in patellar ligament ruptures and patella baja
in quadriceps tendon ruptures [128].

5.8.5 Treatment

Partial quadriceps tendon and patella ligament
ruptures may be treated conservatively with
short-term brace immobilization in full extension
with a progressive range of motion and weight-
bearing protocol. Complete quadriceps tendon
and patellar ligament ruptures should undergo
primary end-to-end, trans-osseous or suture
anchor repair depending on rupture site location.
Tendon reconstruction with auto- or allografts
may be necessary in special cases. The use of
NSAID for pain management after acute tendon
rupture is still a matter of controversy as both
beneficial and deleterious effects of NSAID on
tendon healing have been reported [129, 130].

5.8.6 Treatment Algorithm

Partial immobilization with progressive ROM
ruptures and weight-bearing

Complete repair

ruptures
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