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Abstract
Background: Knee examination guidelines in minors are intended to aid decision-
making in the management of knee instability. Clinical question: A Delphi study 
was conducted with a formal consensus process using a validated methodology 
with sufficient scientific evidence. A group consensus meeting was held to 
develop recommendations and practical guidelines for use in the assessment of 
instability injuries in children. Key findings: there is a lack of evidence to analyse 
anterior cruciate ligament injuries in children and their subsequent surgical 
management if necessary. Diagnostic guidelines and clinical assessment of the 
patient based on a thorough examination of the knee are performed and a guide 
to anterior cruciate ligament exploration in children is developed. Clinical ap-
plication: In the absence of a strong evidence base, these established guidelines 
are intended to assist in that decision-making process to help the clinician decide 
on the most optimal treatment with the aim of benefiting the patient as much as 
possible. Following this expert consensus, surgical treatment is advised when the 
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patient has a subjective sensation of instability accompanied by a pivot shift test ++, and may 
include an anterior drawer test + and a Lachman test +. If these conditions are not present, the 
conservative approach should be chosen, as the anatomical and functional development of 
children, together with a physiotherapy programme, may improve the evolution of the injury.

Key Words: Anterior cruciate ligament; Diagnoses and examinations; Sports injuries; Knee; Injury to minors

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A Delphi study was conducted with a formal consensus process using validated methodology 
with scientific evidence to develop recommendations and practical guidelines for the assessment of 
instability injuries in children. Following this expert consensus, surgical treatment is advised when the 
patient has a subjective sensation of instability accompanied by a pivot shift test ++, and may include an 
anterior drawer test + and a Lachman test +. If these conditions are not present, the conservative approach 
should be chosen, as the anatomical and functional development of children, together with a physiotherapy 
programme, may improve the evolution of the injury.
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INTRODUCTION 
Physiopathology of the anterior cruciate ligament
The anterior cruciate ligament (ACL) has a viscoelastic capacity that provides the possibility of 
dissipating the energy received through adjustments in its length and in the internal distribution of 
loads[1,2], that is, it has the capacity to generate microscopic adjustments in relation to the internal 
stresses it has to withstand[3].

ACL injury occurs as a result of excessive force in the anterior translational direction of the tibia or 
rotation of the femur on the tibia[4].

The most common mechanism of ligament failure is the sequential rupture of bundles of collagen 
fibres distributed throughout the ligament and not located in a specific area. As it does not have the 
plastic capacity to deform, ruptures of the ligament are defined as total or partial. There is controversy 
regarding what is a partial rupture, and there are studies that define it as a hemorrhage in the femoral 
insertion while others define it as a rupture of the anteromedial and posterolateral fascicles. The 
American Medical Association establishes a classification in which partial tears correspond to second-
degree ligament injuries. Another way of estimating the type of injury is in relation to the percentage of 
the ligament injured. Partial tears are considered to be between 25% and 75%[5-8]. Partial tears in turn 
can be classified as high grade when more than 50% of the fibres of the ligament are involved or low 
grade when the involvement is less than 50%[8].

In general, a partial ACL injury can be defined as a combination of the following factors[8]: (1) 
Asymmetrical Lachman test result; (2) Pivot Shift negative; (3) Measurement with KT-1000 less than or 
equal to 3 mm; and (4) Arthroscopic evidence of partial ACL injury.

Adults more frequently suffer ruptures in the medial substance while lesion settlement in children is 
more frequently observed between the layers of mineralized and non-mineralized fibrocartilage[9].

Once the histological rupture occurs, the ACL goes through four phases: inflammatory, epiliga-
mentous regeneration, proliferative and remodeling. These states are similar to those occurring in other 
connective tissues but with peculiarities, probably related to two facts: Firstly, the ACL is immersed in 
the synovial fluid which, due to its characteristics, modifies cell metabolism and the inflammatory 
response, also preventing the formation of the fibrin clot necessary for the union of the ends of the 
rupture; furthermore, the vascularization of the ACL after rupture is compromised as the vascular 
branches that irrigate it also break[10-13]. The flow of synovial fluid is responsible for the fibrin clot not 
forming by dispersing the blood in the form of hemarthrosis[13]. As a consequence of this lack of fibrin 
clot there is a decrease in proteins of the extracellular matrix and cytosines such as fibrinogen and 
fibronectin and Willebrand factor within the ACL wound[14,15].

https://www.wjgnet.com/2218-5836/full/v13/i9/777.htm
https://dx.doi.org/10.5312/wjo.v13.i9.777
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In injuries of tibial eminence fractures it has been observed that ACL fibres suffer plastic deformation 
with permanent elongation of the fibers. This fact may be responsible for residual clinical laxity even in 
cases where surgical reduction or healing has occurred[16].

Ethiopathogenesis of anterior cruciate ligament injuries
The mechanisms of injury are multifactorial and include both extrinsic and intrinsic causes[17-24].

The type of pattern of ACL injury depends on the degree of skeletal maturity, this fact may be related 
to differences in skeletal rigidity and conditions the type of injury in both groups. Tibial avulsion 
injuries and partial ACL ruptures are more frequent in patients with skeletal immaturity and complete 
ruptures are more frequent in mature or partially mature patients[25].

The ACL can be injured by two mechanisms, direct contact or non-contact. Approximately 70% of 
them are due to non-contact injury mechanisms[24-26]. Not all authors define ACL contact injuries in 
the same way; while some authors define them in relation to those that occur in the absence of contact 
between players, others define them as the absence of a direct blow to the knee. In fact, there are authors 
who define "non-contact injuries with disturbance" by referring to injuries resulting from body-body 
contact, but without direct trauma to the knee[25]. Contact injuries involve injurious mechanisms of 
hyperextension or excessive valgus stress while the mechanisms that occur in non-contact injuries occur 
during the development of rapid decelerations or rotations performed in gestures involving pivoting on 
a fixed foot[27]. In addition, non-contact injuries are often accompanied by an internal hip rotation. This 
body position in non-contact injuries leads to a collapse in knee valgus or "dynamic knee valgus"[28-
30]. It has also been observed that in non-contact injuries the centre of body mass is delayed in relation 
to the supporting base[24]. Although, as indicated above, the type of injury may be influenced by the 
degree of skeletal maturity, the injury mechanisms are the same in children and adults[25].

Several studies have shown that non-contact injuries from team ball sports occur at a bending angle 
of less than 30°. Modifications of the knee valgus angle were observed: in basketball where there was an 
increase from 4° to 15° in 30 ms, in handball from 3° to 16° in 40 ms, and these periods coincide with the 
maximum vertical force[31-33]. From this it can be deduced that the valgus position in a relatively 
straight leg (15°-40°) may be a key factor in the risk of ACL injury. It has also been observed that female 
athletes with a higher risk of injury land in a position of higher dynamic valgus and high loads of 
separation. In alpine skiing, other situations are observed such as phantom foot mechanisms, boot-
induced anterior drawer mechanisms or external valgus-rotation mechanism[34,35].

It is also important to know the injury mechanisms affecting the posterolateral complex (PCL) of the 
knee as they represent 16% of all ligament injuries of the knee; of the total PCL injuries only 28% occur 
in isolation, the rest being associated with ACL injury[36,37]. The common mechanisms of injury of this 
complex are related to forces in the posterolateral direction of the tibia, hyperextension of the knee and 
elevated external rotation of the tibia when the knee is in a position of partial flexion. The most frequent 
contexts in which these injuries occur are sports injuries, road accidents and falls[38].

Biochemical and structural changes following injuries to the ACL
After an injury at the level of the ACL, a significant increase in metalloproteinases and interleukins at 
the level of the matrix is observed. Due to the existence of poor vascularization of the articular cartilage 
and tendons of the knee, the possibility and capacity to eliminate these inflammatory cytokines is 
diminished. The effects of this difficulty in elimination, causes an increase in the activity of the same 
that can be translated with irreversible alterations at the level of the collagen and the anchorage points 
of the ACL[39].

Modifications have also been observed in terms of muscle mass and volume, with significant atrophy 
in the knee musculature of the injured extremity, mainly in the quadriceps, which may be related to the 
presence of edema in the knee joint[40]. Altered quadriceps activation and the appearance of asyn-
chronous contractions of the medial and lateral ischiotibial muscles have been reported after these 
injuries[40]. The changes produced in the quadriceps muscle mass may be due to adaptations of the 
muscle fibres together with the formation of alternative substances at the level of the matrix[39]. Some 
of the adaptations that occur at the level of the muscle fibre are the transition from type I to type IIa or 
IIb muscle fibres. These adaptations are not suffered in the same way by the different muscles[39]. 
Together with this, the lack of use decreases the size of the myofibre and stimulation at the level of the 
motor neuron[39].

At the biochemical level, alterations have been found in alpha-2 macroglobulin, myostatin, protein-
72, mechano GF-C24E, synovial fluid and histochemical alterations at the level of collagen and cartilage
[39].

In relation to the alteration of collagen after ACL injury, studies by Li et al[41] reveal that the 
degradation of collagen after ACL injury is irreversible and is replaced by another type of less 
structured collagen, thus affecting the integrity of the structure as a whole. This alteration in the 
synthesis of the correct collagen may be related to a greater probability of developing post-traumatic 
osteoarthritis.

Most knees with ACL injury experience altered levels of anti-inflammatory chemotactic cytosines 
causing longer periods of inflammation. In addition, pro-inflammatory and proteoglycan chemicals 
have been identified with consequent deterioration of the knee joint in patients with ACL injury[41]. 
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Variations in the levels of certain chondrocyte-degrading interleukins have also been observed[42]. In 
addition, these biochemical modifications can also influence the level of bone tunnels in ACL 
reconstructions[43]. Therefore, the synovial fluid will have a significant and important effect on knee 
recovery[41].

Risk factors for anterior cruciate ligament injury
Risk factors for injury are classified into extrinsic and intrinsic causes[17-24]. Intrinsic causes are related 
to factors specific to the individual such as genetic, hormonal, anatomical factors, gender, 
neuromuscular and cognitive function, as well as previous injury to the knee. Extrinsic causes are 
external to the individual and among these factors the most studied are the level and type of activity, 
the type and surface of play, environmental conditions and the material used for the development of the 
sport or activity[44].

It is interesting that trained athletes have a high risk of breakage[45]. This fact may be related to 
situations in which there is an increase in joint efficiency. This occurs in situations where the individual 
acquires a greater degree of skill after practicing joint movements, which causes a decrease in 
antagonistic coactivation, making the ACL the only joint stabilizer in these circumstances[46]. Other 
studies also show the synergy between the stabilizing function of the rotational laxity of the ACL and 
the antagonistic coactivation of the hamstrings[47].

Anatomical changes in the knee in relation to age and gender
The anatomical region with the highest number of injuries in children and adolescents is the knee, 
which suffers up to 60% of injuries in the sports environment[31]. Among knee injuries, ACL ruptures 
have a 10 times higher incidence than the rest of the injuries. The relationship between specific 
anatomical characteristics and the risk of ACL injury has been studied, as well as the relationship with 
changes in anatomical characteristics during the stages of growth and skeletal maturation. Kiapour Ata
[48] in 2016 conducted a study in which he observed significant differences in both the size and 
orientation of the age-dependent ACL in both females and males in healthy knees. They presented 
preliminary results indicating that changes in ACL size in relation to length, cross-section and area are 
significantly different in boys than in girls. Although it was observed that the ACL became more vertical 
in both the sagittal and coronal planes with similar patterns in boys and girls, the area of the ACL 
(cross-section) increased more in boys during early school age and late adolescence while girls showed 
this modification only when they became adolescents[48]. The same author also studied modifications 
of femoral condyles in relation to age and sex: Both bicondylar width and intercondylar notch increased 
continuously in boys after becoming adolescents, remaining constant in young adolescents; girls 
showed a higher medial femoral condyle curvature in late adolescents compared to boys of the same 
age and a more curved lateral femoral condyle compared to boys. They also found age-related 
anatomical modifications of the tibial plateau in both girls and boys. There was a difference in size, 
more pronounced in boys; slope, greater in girls; and depth, greater in boys, of the tibial plateau 
between girls and boys in the stages following skeletal maturation[49-52].

Risk factors for ACL rupture in skeletally immature patients
Risk factors for ACL rupture in skeletally immature patients are divided into intrinsic and extrinsic 
factors.

The most studied, and therefore best known, intrinsic factors are those related to anatomy: increased 
pelvic tilt, increased femoral anteversion, increased Q-angle, increased tibial slope fall, increased foot 
pronation, scaphoid fall and decreased intercondylar notch[48,50]. Also very important as a risk factor is 
female gender where ACL ruptures are 6 times more frequent compared to men[50]. In relation to this 
data, it is known that female patients are usually accompanied by data on hypermobility-hyperlaxity 
together with genu valgus and genu recurvatum[51].

In relation to hormonal factors, the relationship between the phase of the menstrual cycle and rupture 
of the ACL has been observed to be greater in the follicular phase where the concentration of estrogen is 
higher[50].

In relation to extrinsic factors, the most important are climatic conditions, footwear and its interaction 
with the playing field and court.

During summer conditions of light rain followed by evaporation of the same, this causes the surface 
to harden increasing ACL injuries in these conditions. It has also been studied how certain character-
istics of footwear such as size, height and position of the lateral margin of the sole may increase ACL 
injuries[48,50,52].

Risk factors for injury to the anterior cruciate ligament in relation to its size
As previously mentioned, anatomical conditions are important in ACL injuries. The size of the ACL 
may be a risk factor for injury in those cases where there is a decrease in the size of the ACL. Davis et al
[53] and Dienst et al[54] have presented studies relating the size of the ACL to greater risk of injury in 
load situations.
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Intercondylar notch is another factor to be taken into account. Narrow intercondylar notches are 
associated with risk of ACL injury. Narrow intercondylar notches cause increased loading on the ACL
[55-59]. With the consequent risk of injury; the correlation between narrow intercondylar notches and 
small ACLs has also been observed, with the width of the intercondylar notch being connected to the 
area of the ACL cross-section in pediatric populations, and is responsible for 24%-26% of the variations 
in the ACL cross-section area[48]. Narrow intercondylar notches produce a mechanical impact on the 
ACL and may have a tearing effect on the ACL when subjected to repetitive and high-risk movements, 
reducing the structural properties of the ligament over time[48].

Female sex in young adolescents is a risk factor for ACL injury, giving them a different anatomical 
profile[38]. One of the causes that may explain this fact may be related to a decrease in the inter-
conditional space in this population of young adolescents compared to boys of the same age. Young 
adolescents also present steeper lateral tibial slopes and deeper tibial columns with the consequent 
greater risk of ACL injury[60-67].

As mentioned above, increased load on the ACL is associated with increased risk of ACL injury. The 
steep slopes of the posterior tibial plateau are related to this fact[68-74]. In activities involving weight 
loading, the posterior tibial slope causes a component of anterior shear force due to axial compression 
force[70].

The increase in the posterior tibial slope is found to be increased in adolescent girls[48] and may 
cause an increase in anterior tibial shear force[71-73] due to an acceleration of anterior tibial translation
[74] with consequent damage to the ACL. Smaller tibial columns will stabilize less the femoral external 
rotation and femoral translation and may also cause an increase in ACL load[75,76].

Tibial depth has also been associated with the risk of ACL injury in cases where there is less medial 
tibial depth by providing less resistance to anterior tibial translation[71,72].

Risk factors related to the muscular state
There is no unanimity among the various authors on the correlation between an alteration at the 
muscular level and ACL injuries. Authors such as Zaínos et al[26] present a direct relationship between 
imbalances in the agonist-antagonist muscles of the knee together with muscle fatigue as with ACL 
injury. This author states that high levels of fatigue can lead to altered motor control leading to muscle 
imbalances, although there are not many studies that prove these claims. In the same vein, Orchard et al
[77] indicate that excessive extensor force of the quadriceps muscles together with a decrease in the 
flexor force of the posterior femoral muscles are related to ACL injury. For Malinzak et al[78], motor 
control may be related to postures that put the ACL at risk in fact when a rapid lower limb maneuver 
will cause an angular change and an imbalance of the knee and hip; these modifications cause muscle 
adjustments that increase the risk of ACL injury. However, Garrido[79] and Benell et al[80] state that 
there is no relationship between knee muscle imbalances and ACL injury.

Associated injuries in anterior cruciate ligament injury
ACL injury may occur in isolation or be associated with injuries to other structures. In general, the 
structures most commonly associated with ACL injuries are: Meniscal injuries: These may appear in 
conjunction with ACL injury in 30% to 60% of individuals. The external meniscus injury is the most 
frequent in acute ACL injuries and the internal meniscus injury in patients with chronic instabilities[80-
82]. Chondral injuries: from bone edema to impacted fractures and even osteochondral fragments[83]. 
Capsuloligamentous lesions: Usually appear when there are combined injury mechanisms.

Different authors have identified the appearance of associated lesions in relation to sex and age. 
Posterolateral contusion of the tibial plate tends to appear more frequently in women, while 
involvement in the external femoral condyle and soft tissue is more prevalent in men. Similarly, a higher 
rate of patellar tendon rupture has been observed in the adolescent population[84-86].

MATERIALS AND METHODS
A national group of surgeons, physiotherapists, basic scientists, orthopaedic surgeons and paediatric 
orthopaedic surgeons with experience in ACL instability was convened. A formal consensus process 
was conducted using a validated methodology. We reviewed the existing literature, held a consensus 
group meeting to develop recommendations, followed by a broader consultation meeting with an open 
invitation for final ratification. We conducted an iterative consensus (Delphi) study involving national 
and international experts in anterior cruciate ligament diagnosis. Group members were recruited 
through expressions of interest and specific invitations from experts. The Delphi study consisted of four 
rounds of anonymous surveys. Rounds 1 and 2 involved the generation and ranking of an extensive list 
of possible characteristics. In rounds 3 and 4, participants were presented with the results of previous 
rounds and asked to agree on a set of preliminary criteria. Panel participants (n = 34, range by Round 
28-30) were predominantly highly experienced clinicians, representing a variety of clinical experience 
and all inhabited continents. Based on the initial rounds, a set of preliminary criteria was developed, 
incorporating three levels of diagnostic certainty: healthy ligament, partial rupture and suspected 
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complete rupture. Consensus was reached in Round 4, with a very high level of agreement (> 89%) for 
all levels of criteria and subcategories. The adoption of the criteria was supported by 96% of the panel 
members and the guidelines were reviewed and authorised by the NEUMUSK research group, followed 
by the trauma and orthopaedic specialists of the CEMTRO clinic in Madrid before final publication.

RESULTS
Following the literature review and the multidisciplinary group meeting, an assessment including the 
following screening tests is proposed.

ACL evaluation
The assessment of ACL injury is mostly clinical[87-92]. Different exploration tests have been described 
to assess the integrity or insufficiency of the ACL throughout history.

Georges K Noulis in 1875 first described the Trillat-Lachman test to evaluate ACL integrity with the 
knee in extension. In 1938, Palmer first discussed the "drawer sign" indicating that the positivity of this 
sign is a pathognomonic sign of ACL rupture. In 1960, Ritchei described Trillat-Lachman's technique 
again and 1976 Torg et al[93] (Lachman's student) described the test and made it known. The test 
described by John Lachman and released by Torg demonstrated the biomechanical superiority of the 
test over the previous drawer test. In 1976, Hughston et al[49] presented a classification of knee ligament 
instabilities and indicated that the ACL increases in association with ACL tear and posterior oblique 
ligament injury. In 1968, Slocum et al[101] defined and described a technique for "rotational instability" 
of the knee in relation to injury of the medial and ACL components[94-102]. Also in this year, Galway 
and Macintosh described the phenomenon of pivot shift in relation to rupture of the external capsule 
with injury of the ACL[98].

The Lachman test has a sensitivity of 62% and a specificity of 82% and is a sign of laxity. It is more 
sensitive for fibres in the posterolateral beam. The anterior drawer test has a sensitivity of 56% and a 
specificity of 82% and is a sign of ACL rupture. It is more sensitive for fibres in the anteromedial beam
[99,100]. There is a variety of the anterior drawer test that is externally rotated and specifically allows 
assessment of posterior-internal structures[102].

The pivot shift test, Jerk test, has a sensitivity of about 90%. The existence of concomitant lesions such 
as LLI rupture, iliotibial strap rupture or mechanical interposition may make this test difficult[99].

For a correct diagnosis it is necessary to establish the difference between laxity and instability[102]: 
Laxity: Objective and quantifiable exploratory sign in relation to capsuloligamentous insufficiency. 
Instability: Subjective symptom of discomfort experienced by the patient.

The loss of stability of the knee is objectified according to the existence of laxity in the knee. The 
AOSSM (American Orthopaedic Society for Sports Medicine) Committee on Research and Education 
classifies them as follows[103]: Non-rotating, single plane linear: There are several types (anterior, 
posterior, internal and external). It is graded from 0 to 3 through the anterior drawer tests: 0: Normal 
laxity; 1 +: Anterior translation less than 0.5 cm; 2 ++: Anterior translation between 0.5 cm and 1 cm; 3 
+++: Anterior translation between 1 cm and 1.5 cm.

Rotary, single or two-plane: they can be: Anterointernal: Abduction, external rotation and tibial 
anterior translation. It causes the internal tibial plate to move or sublux anteriorly in relation to the 
femur. Posterointernal: This occurs when there is a posterior translation of the internal tibial plate in 
relation to the femur. Anteroexternal: Excessive anterior translation of the external tibial plate. Postero-
external: posterior translation of the external tibial plate.

Combined: all types of combinations can be found, the most common being: Anterointernal/antero-
external, anterointernal/posterointernal and anterointernal/posteroexternal. Considering the approach 
followed by Guillén García et al[104] and his team regarding the diagnosis of knee stability, different 
criteria should be followed: (1) Anatomical: The proximal and distal insertion of the ACL is behind the 
femoral axis. This is why when the lesion mechanism is produced by a knee rotation and the foot is 
fixed, the ACL and menisci are broken; (2) Biomechanical: It is impossible for the PCL to be the axis of 
the knee. The PCL changes its angular arrangement on the tibial platform between 20º and 85º in 
relation to the knee's flexo-extension angle; and (3) Clinical: Both the healing and the tolerance of the 
patient to the ACL rupture are bad in contrast to the PCL in which maintaining a state of rest produces 
its healing and the tolerance of isolated injuries of the same by the patient are good.

In relation to the above, the classification of knee instabilities is as follows: Anterior laxity: Anterior 
laxity: Isolated ACL tear (very rare); Anteromedial laxity: ACL rupture next to the medial system; 
Antero-posterolateral laxity: ACL rupture next to the posterolateral system. Posterior laxity: Posterior 
laxity: Isolated PCL tear; Posteromedial laxity: Rupture of the PCL next to the posteromedial system; 
Posterolateral laxity: LCP rupture together with the posterolateral system. Combined antero-posterior 
laxity: ACL, PCL rupture along with medial or lateral systems.

Description of ACL assessment test
Before performing the specific tests, the healthy knee should be explored as a control for guidance. The 
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tests that produce the least pain should be started first to prevent the muscle spasm from interfering 
with the rest of the tests.

Lachman test: This is the main test to be carried out on an acute injury[100]. It is performed with the 
knee in a 30° knee flexion position and a force is applied in an anterior direction. It is considered 
positive in cases where the anterior displacement of the tibia is increased compared to the contralateral 
knee. It is important to note the end point of tibial displacement. This end point is soft or weak when 
there is a break in the ACL[100-105].

Anterior drawer flex/rotate test: Combines Lachman's test and lateral pivot shift. Both hands are used 
to firmly grip the calf and move the knee in a 15° to 30° flexion arc. When the ACL is broken, at 15° of 
flexion there is an anterior subluxation of the tibia and an external rotation of the femur. Increasing the 
flexion to 30° produces a posterior reduction of the tibia and an internal rotation of the femur[106]. 
There are authors who claim that this test has less sensitivity than Lachman’s test, although it has more 
sensitivity than the tibial shift tests[107].

Anterior drawer test: This test assesses the anteroposterior femorotibial displacement with a starting 
position of 90º knee flexion and 45º hip flexion and the foot fixed on the table. From this position, 
traction and pressure movements are performed in a neutral anterior and posterior position, 
respectively; to put the capsuloligamentous structures in tension, the test is performed in internal 
rotation and external rotation. An important detail is to check the initial tibial starting point; if there is 
an injury at the level of the PCL it could give a false anterior tibial displacement when performing the 
technique[108].

Hughston et al[109] in 1976 described this technique by performing a proximal measurement in the 
tibia between the thumb and other fingers; the hamstrings are palpated to see if they are relaxed. From 
this position, an anterior tibial traction is performed to evidence the existence of laxity. If an end point is 
seen at the limit of the displacement, it is indicative of the continuity of the ACL. If the consistency of 
the endpoint is spongy and lacking in firmness, it is indicative of rupture of the ACL.

Anterior Neutral Box: The starting position is with the tibia in neutral position. If the test is positive it 
may be due to injury in: ACL, ACL and internal complex, ACL and external complex or both complexes
[110].

Anterior drawer-external rotation: The starting position is with the external rotation of the tibia. In 
this position the structures of the internal complex are tightened. A moderate positive test result 
indicates injury of the internal complex, while a strong positive test result indicates injury of the 
posterior internal angle[101].

Anterior drawer test-Internal Rotation: The starting position is with tibial internal rotation. In this 
position the structures of the external complex are tightened. A moderate positive result indicates injury 
to the structures of the external complex. If it is intense positive, we must also think of injury of the PCL 
together with the structures of the external compartment (LCE, external capsule and posterior-external 
angle). In this case a further assessment of the postero-external capsule can be made by testing the 
external rotation recurvatum[109].

Pivot shift test: The starting position is in knee extension and valgus along with internal rotation of the 
tibia. A progressive flexion of the tibia is performed and towards 30° a posterior displacement of the 
tibia is felt on the femur. This displacement appears as a consequence of the reduction of the anterior 
subluxation of the tibia[110].

Hughston's jerk test: A 45° hip flexion is performed with the knee at 90°. A valgus force is applied and 
the knee is extended with the tibia in internal rotation. The test is positive when there is a transitory 
anterior subluxation of the tibia on the femur over the 30° of flexion, with a spontaneous reduction 
occurring as the knee is extended[109].

Test of internal rotation of the tibia: The starting position is with flexion of 45° or more of the knee and 
external rotation of the tibia. From this position, the leg is progressively extended, allowing internal 
rotation to occur while applying a valgus force with anterior pressure applied behind the head of the 
fibula. This produces anterior subluxation of the anterolateral tibia. As the knee approaches full 
extension, the tibia is reduced, producing an audible "snap"[111].

Slocum test: The patient is placed in the lateral position with the knee and hip of the healthy lower limb 
flexed. The pathological knee is placed in contact with the table in an extended position. Palpation of the 
fibula head is performed with the index finger of the left hand while the index finger of the right hand 
contacts the external femoral condyle. To perform the technique, a valgus force is applied to the knee in 
flexion. When the ACL is insufficient, the anterior subluxation of the tibia is reduced by reaching 30° of 
knee flexion. The reduction is felt with the fingers[112].

Figure 1 shows the summary diagram of the decision-making process regarding the assessment of the 
ACL and the decision to carry out conservative or surgical treatment.
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Figure 1  Diagram of the decision-making process regarding the assessment of the anterior cruciate ligament.

Capsuloligamentary complex and meniscus evaluation
In order to assess the existence of an associated lesion, together with the analysis of the stability of the 
knee, an exploration of the rest of the structures of the knee should be performed, paying special 
attention to the menisci and the internal and external collateral ligaments[100].

Evaluation of capsuloligamentous structures
When there is an ACL lesion, the study and assessment of the capsuloligamentary structures should 
include the assessment of both the external/internal collateral complex and the postero-internal and 
postero-external capsular complex. For this purpose, both the valgus and the forced varus must be 
evaluated both in full extension and in 30º flexion.  It is important to increase strength progressively to 
the point of onset of pain to verify maximum laxity without the appearance of muscle spasm[112,113].

Valgus in extension: When the test is positive, the structures that may be damaged are: the superficial 
and deep portion of the LCM, posterior oblique ligament, PAPI, peripheral disinsertion of the medial 
meniscus and ACL. If it is very severe there could be injury of the PCL[85].

Valgus in 30° flexion: A slight positivity in the test will indicate a rupture of the superficial portion of 
the LLI. If the result is a severe yawn, other structures of the internal complex besides the ACL and PCL 
will also be affected[85].

Varus in extension: When the test is positive it will indicate injury of the LLL, middle capsule, arcuate 
ligament and Maissiat band, in addition to the ACL. If it is very severe, the PCL will also be injured[85].

Varus at 30° flexion: Mild external yawning indicates injury to the CLL. If the test result is very severe 
there will be injury to the medial capsule, the Maissiat band and the arcuate ligament[85].

Meniscal evaluation
It is essential to assess the presence or absence of meniscal pathology concomitant to ACL injuries. The 
diagnosis will obviously be clinical through evaluative tests that can be divided into[114]: (1) Tests that 
cause pain or clicks with palpation of the interline; (2) Tests that generate pain with rotation of the tibia 
on the femur.

With regard to the reliability of the meniscal tests, several studies have tried to prove the effectiveness 
of the different meniscal tests. There are differences in results between the researchers. Both types of 
evaluation tests have low diagnostic value when applied individually, increasing their usefulness when 
combined with the clinical history[114]. A cross-sectional study by Gobbo et al[115] in 2011, studied the 
sensitivity and specificity of the McMurray, Steinmann I, Steinmann II, Childress and Apley tests for 
both the medial and lateral meniscus. The analysis showed that the sensitivity for the medial meniscus 
was 89% and the specificity was 31% while for the lateral meniscus the sensitivity was 85% vs a 
specificity of 24%. This study corroborates the data presented previously that tests performed in 
isolation have a lower diagnostic value. In relation to the independent analysis of each test, the Apley 
test has the best specificity for both the medial and the lateral meniscus. In relation to the precision for 
detecting lesions, greater precision was obtained in the evaluation of lesions in the medial meniscus 
than in the lateral meniscus, except for the Apley test which showed the same predictive value for both 



Chekroun AC et al. Anterior cruciate ligament injuries in minors

WJO https://www.wjgnet.com 785 September 18, 2022 Volume 13 Issue 9

the lateral and medial meniscus lesions[115].

Genufonía
The knee has its own language with which it communicates what is happening to it. This language does 
so through sound. It is important to listen to the sounds that the knee shows us during its movement, 
which will help us to extract information about your injury[116].

DISCUSSION
ACL injuries are common in sports. Most ACL injuries are non-contact in nature and usually occur in 
certain athletic tasks. Complete ACL tears can lead to chronic knee problems, such as knee instability, 
damage to the meniscus and chondral surface, and osteoarthritis. Due to the increasing participation of 
children and adolescents in both organized sports and intense sports training at an early age, the 
number of ACL injuries in this age group has increased, accounting for 3.3% of ACL injuries[68-74].

Practice is not yet standardised and the literature to guide decision-making in children is very 
limited. This consensus process has been based on the expert experience of a diverse group of profes-
sionals treating and dealing with this injury, their thorough examination and subsequent decision-
making focused on the prior assessment of the patient, and sometimes based on the experience of the 
healthcare professional conducting the patient study.

Although there is level 1 clinical evidence on screening for ACL rupture, this process is based on the 
practical and clinical experience of the examiner. However, there are few manuscripts that include 
screening for this injury in minors, so these guidelines have been developed in the healthcare setting. 
This consensus has been developed by a large group of experts in the field and has resulted in a solid 
and established method for the development of guidelines in the healthcare of the pathology in 
question. We believe that the knee has its own language with which it communicates what is happening 
to it. This language is expressed through sound, which is why the term genufonia is coined[116]. It is 
important to listen to the sounds that the knee shows us during its movement, which will help us to 
extract information about its injury.

It can be seen that the consensus statements cover the assessment and screening of ACL rupture in 
children. A decision is made in the evaluation of patients, depending on whether surgical treatment
[117] or conservative treatment will be chosen.

CONCLUSION
ACL rupture is a complex pathology with multiple approaches that should be based primarily on 
patient assessment and evaluation. In the absence of a solid evidence base and the lack of consensus in 
the literature on the approach and exploration of this injury in minors, these established guidelines aim 
to contribute to that decision-making process to assist the clinician in performing the most optimal 
treatment with the goal of benefiting the patient as much as possible. Following this expert consensus, 
surgical treatment is advised when the patient has a subjective sensation of instability accompanied by a 
pivot Shift ++ test, and may include an anterior drawer + test and Lachman + test. If these conditions 
are not present, the conservative approach should be chosen, as the anatomical and functional 
development of the children, together with a physiotherapy programme, can improve the evolution of 
the injury.
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