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Peripheral 5062
Anterior Cruciate Ligament Injury Diagnosis
Injuries to the anterior cruciate ligament (ACL) are one of the most common causes of a prolonged absence from sport (Brukner and Khan, 2012; Thapa et al., 2015). ACL injuries are severe with long term absences from the sport, and can be career threatening (Della Villa et al., 2020; Lundblad et al., 2016). Professionals soccer players may take a year to return to the same level of play and have the heightened risk of new knee injuries including reinjury of the ACL (Lundblad et al., 2016). Even with the commonality and severity of this injury it is still poorly diagnosed (Parwaiz et al., 2015; Qayyum et al., 2018). Parwaiz et al. (2015) suggest that difficulty in diagnosis may be due to lack of training and experience of emergency and primary care physicians, and pain and swelling affecting laxity in the joint. Failing to recognise and diagnose ACL injuries can lead to secondary changes of the ACL and knee joint, with higher risk of damage to meniscus and articular cartilage (Lee and Yun, 2019; Qayyum et al., 2018). This highlights the importance of early testing and detection to avoid future issues.
Anatomically, the anterior cruciate ligament is divided into anteromedial and posterolateral bundles (Qayyum et al., 2018). It functions as an important stabiliser of the knee preventing anterior translation of the tibia on the femur and stabilising the knee joint against valgus and rotational stresses (Thapa et al., 2015; Qayyum et al., 2018). As such, landing and plant-and-cut/pivot manoeuvres are frequently responsible for injuries of the ACL (Kaeding et al., 2016; Wojtys et al., 2016). These injuries can be caused through contact and non-contact mechanism, though it is suggested that the majority are by non-contact means as stated above (Kaeding et al., 2016; Qayyum et al., 2018). The middle portion is the most common torn portion of the ACL though it can tear at the at the femoral attachment as it is weaker than the tibial attachment (Qayyum et al., 2018). Della Villa et al. (2020) describes the indirect and non-contact injury patterns as: pressing/tackling, tackled, landing from a jump, and regaining balance after kicking. The consensus is that shallow knee flexion and dynamic knee valgus loading is the most common mechanism for ACL injury (Della Villa et al., 2020; Wojtys et al., 2016). Kim et al. (2015) used MRI scans of bone bruising showed that landing on an extended knee, accompanied internal tibial rotation and valgus rotation may also put the knee at high risk of injury and damage the ACL. This confirms previous patterns of injury and the suggestion that injury is more common with weight acceptance loading rather than pushing-off loading (Anderson et al., 2016). Anther contributing factor may be internal rotation of the hip. Kaeding et al. (2016) suggests this contributes to knee valgus and tibial internal rotation. 
Though many mechanisms are involved in ACL injuries it is difficult to get the patients description of the event as they have difficulty in recalling specifics of what happened. Often, they describe a feeling of hyperextension of the knee or temporary popping out of it socket feeling (Kaeding et al., 2016, Parwaiz et al., 2015). This feeling described by the patient may help the clinician in early diagnosis. Other signs and symptoms will be immediate pain and swelling within 2 hours, symptoms of instability on weight baring, and said popping, or snapping, sensation (Kaeding et al., 2016; Parwaiz et al., 2015). A loss of motion and large joint effusion, and hemarthrosis, usually results within 24 hours which can make physical examination more difficult especially with added muscle guarding (Houglum, 2010; Parwaiz et al., 2015). Houglum (2010) suggest examination as soon as the trauma has occurred, before swelling and pain has reduced joint movement, as immediate symptoms can subside within a few minutes. This should be enough to make a more accurate diagnosis with clinical test. Any longer may result in a missed diagnosis due to reduced range of motion and muscle guarding from swelling and pain.
Initial standard treatment by first-aiders usually involves RICE, PRICE, or POLICE. RICE consists of rest, immobilization (with compression or a splint), cold, and elevation. If protection is added it leads to PRICE. POLICE stands for protection, optimal loading, ice, compression, and elevation. Though these are often used there is evidence against application of some elements of these anagrams. Cold, ice or cryotherapy is often the first treatment, when available, to reduce swelling, though it may only have an analgesic effect (Dubios and Esculier, 2019). This may hinder the healing process and disrupt angiogenesis and revascularisation and impair tissue healing and collagen synthesis (Dubios and Esculier, 2019). Ice/cold/cryotherapy may be helpful if only as pain relief. Compression is another modality used for acute sprains. Borra et al. (2020) found neither harmful or beneficial effects of application of a non-compressive stocking, brace, or splint compared with an elastic or compression bandage in prehospital treatment. This systematic review was conducted around acute, closed extremity joint injuries though evidence was limited to patients with a closed ankle sprain (Borra et al., 2020). Dubios and Esculier (2019) suggest using compression to limit tissue haemorrhage and intra-articular oedema as it seems to reduce swelling and improve quality of life. As there is insufficient evidence, using compression may help the patient to feel more secure after their trauma. Another suspect, though common, treatment for soft tissue injuries are non-steroidal anti-inflammatory drugs (NSAIDs) for pain relief. Even though the name says anti-inflammatory they do not demonstrate reduction in tissue swelling according to Fowler (2018). The evidence shows a clear trend toward delayed and incomplete tissue healing, reduced collagen formation and its tensile strength (Dubios and Esculier et al., 2019; Fowler, 2018). Recent suggested treatment for soft tissue injury prehospital is protecting the joint, elevate it, avoid anti-inflammatories, compress, and educate the patient on the condition and load management for an active approach (Dubios and Esculier et al., 2019). Considering the evidence, avoiding cold/ice and NSAIDs early in trauma management seems to hinder healing and not provide any significant positive effect. 
In order to prevent further degradation and damage the ACL and other tissues early clinical diagnosis is very important. At present the four most common physical examination tests for ACL injury are the Pivot shift, Anterior draw, Lachman’s, and Lelli’s test. Despite there being multiple different tests neither one has been shown to detect all ACL injuries consistently (Chong et al., 2017). The pivot shift test has shown the highest specificity when testing but lacked in sensitivity (Anderson et al., 2016). This was also shown by Kaeding et al. (2016) by a 98% for specificity and a sensitivity at 24%, with similar results from Chong et al. (2017). The Anterior Draw tested sensitivity at 49% and specificity at 58% in acute injuries, and 92% for sensitivity and 91% for specificity in chronic injuries (Kaeding et al., 2016). This shows that the Anterior Draw test is a more accurate physical examination for chronic injuries and is backed up by Anderson et al. (2016), who also suggests it still is not an adequate test on its own. Lachman’s test has been reported to have a specificity of 95% and sensitivity of 86% (Chong et al., 2017). It has also been found to be the most reliable test in chronic vs. acute injuries and testing with and without anaesthesia (Anderson et al., 2016). It was also found to have the highest sensitivity diagnosis of a complete ACL rupture (Anderson et al., 2016). While the Lelli’s test sensitivity and specificity was similar to the Lachman’s test, with lower percentage of false negatives both before and after anaesthesia, it was not able to distinguish between complete and partial tears in the ACL (Chong et al., 2017). It was also suggested that a false negative could be caused by a clinician’s small fist size or patient’s large, soft calf while administering Lelli’s test (Chong et al., 2017). The evidence shown here suggests using Lachman’s test for its reliability and consistency though the clinician would benefit by using multiple tests for a more accurate diagnosis depending on the situation. 
Other image based clinical tests that can be performed to diagnose ACL injury are the lateral femoral notch sign (LFNS), ultrasound and magnetic resonance imaging (MRI). LFNS is diagnostic made by observing conventional radiographs and measuring the depth of the lateral femoral notch sign. A depth measure greater than 1.0 mm, as seen in figure 1., was shown to be a good predictor of ACL injury and a sign of chronic deficiency (Lodewijks et al., 2019). 
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Figure 1. Radiograph of lateral femoral notch sign (Lodewijks et al., 2019).
With its high reliability and predictive value this could be used by the emergency department with no additional cost (Lodewijks et al., 2019). MRI is said to be the most helpful diagnostic tool in knee injuries though there is a variability in accuracy ranging from 82%-100% (Parwaiz et al., 2015). Even with reasonably high accuracy there can be an extended time between referral and getting a scam, as such Parwaiz et al. (2015) suggests not to wait before referring patients on to a knee specialist or clinic. Also, Qayyum et al. (2018) noted that MRI was less accurate in detecting chronic disruption of the ACL. Another imaging modality for checking ACL injuries is ultrasound. Its specificity and sensitivity were high at 90.9% and 85.4%, respectively, in a study by Qayyum et al. (2018) and Lee & Yun et al. (2019). Ultrasound also has an advantage of being able to quantitively assess the injury in a dynamic range of motion (Qayyum et al., 2018). Qayyum et al. (2018) and Lee & Yun (2019) both point to ultrasound as a first line technique, when MRI is not available, for its availability, cost effectiveness, least invasive and immediate results to improve management of the injury. As the evidence shows a trend toward positive outcomes with earlier diagnosis and treatment, using lateral femoral notch sign and ultrasound as an early indicator of ACL injury may a way for clinicians improved diagnosis and reduce knee issues in the future. 
As ligament injuries around the knee may occur in isolation or combination, similar characteristics of an ACL injury can also be found with other injuries. Other knee ligaments may be involved such as the posterior cruciate ligament, collateral ligaments, and anterolateral ligament (Monaco et al., 2019; Salem et al., 2017). This could lead to further laxity and pain for the patient if not attended to. Mucoid degeneration of the ACL is rare and often underdiagnosed or misdiagnosed (Anderson et al., 2016). This is a degeneration of mucoid substance after initial injury to the ACL synovial lining and is secondary to acute trauma or chromic impingement. Meniscal tears may also occur in conjunction with ACL injury though may also result from instability of the knee following ACL injury (Anderson et al., 2016; Salem et al., 2017). There is also an increase incidence of chondral injuries, particularly grade IV and chondral injury to the lateral femoral condyle (Salem et al., 2017). One condition that should be considered, mostly in adolescents (and adults), is osteochondritis dissecans (OCD) (Brukner and Khan, 2012; Accadbled et al., 2017). OCD can cause instability or a detachment of a bone fragment and may even progress to osteoarthritis (Accadbled et al., 2017). These conditions may present with similar symptoms to an ACL injury though they can also happen as a result of the trauma of impact due to ACL injury. 
In conclusion, anterior cruciate ligament trauma is still a misdiagnosed injury. This issue, which may lead to further damage to it and surrounding tissues, also puts continued strain on the medical system. As ACL injuries are common and lead to lengthy treatment and recovery times and absences from work and play, steps to improve early diagnosis and therefore outcomes would seem to be the best option. The most accurate and helpful physical examinations in early diagnosis, in conjunction with patient’s description of event, appear to be the Lachman’s test, Lelli’s test, and Anterior Draw test for the sensitivity and specificity. Imaging based findings for early diagnosis shows ultrasound to be effective in a dynamic assessment both for ease of access, application, and immediate return of results. MRI, while still the gold standard, may require long wait times for appointments which could lead to further insult to the injury. Current evidence shows that a multi-modal approach using different physical examinations, imaging, and appropriate training for first responders and emergency medical staff may be the most suitable approach to the issue of misdiagnosis of anterior cruciate ligament trauma. 
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Fig.1 ACL-deficient knee with a deep lateral femoral notch sign.
The depth was measured by drawing a line over the femoral condyle
(long line) and a small line perpendicular to this line and the deepest
point of the depression (black arrow)




