Proximal Hamstring Avulsion
Introduction
The hamstring is commonly referred to as a group rather than separate muscles. The bicep femoris, semitendinosus, and semimembranosus are the three muscles that make up the hamstring (Sarimo et al., 2008). The hamstring is a commonly injured muscle in sports ranging from sprains to ruptures and other injuries. A complete Proximal Hamstring avulsion is one of the most severe hamstring injuries, however, it is very uncommon (Bertiche et al., 2021). The hamstring is linked to tendons which further attach the muscle to bone, in this case to the ischial tuberosity. For this injury to occur the tendons will have detached from the bone, negatively impacting the hamstrings’ function.

Subjective Signposts
When a proximal hamstring avulsion occurs, the most common mechanism is when there is sudden knee extension along with unanticipated forced hip flexion, where the muscle eccentrically contracts. Eccentric contraction is where the muscle lengthens. This injury can occur during the early stance phase of the gait cycle, which starts when the foot first touches the floor and ends when the same foot leaves the floor (Pasic, Griffin, and Degen, 2019). Also, when the terminal swing phase takes place, where in the end the positioning of the foot is in preparation for the beginning of a new gait cycle. At the end of the swing phase, there is an increase in muscle tension (Liu et al., 2012). As these two phases occur, the hamstring contracts to take the knee into extension and cause extension at the hip. This type of hamstring injury can occur in several sports, for example, running, rugby, football, gymnastics, and water sports. A proximal hamstring avulsion can even be caused by a simple slip or fall (Pasic, Griffin, and Degen, 2019).

Athletes that have suffered from a proximal hamstring avulsion will experience a high level of pain. Robinson and Mclnnis (2021) stated that the quality of pain is similar to a feeling of pressure. It feels like a burning sensation. Many that have had this injury, have recalled a catching and popping sensation. The location of this sensation was the proximal aspect of the thigh. It has been reported that pain and discomfort have been located at the proximal end of the hamstring, just below the glutes (Bowman, Cowen, and Bradley, 2013). Pain and soreness can last anywhere from two days up to a month, closer to a month if it is a complete avulsion. Near both the knee and proximal thigh is where bruising has usually reported according to Bertiche et al, (2021). Some bruising may be seen around the ankle area, but this is uncommon. It is believed by Bertiche et al, (2021) that if bruising is appearing around the ankle it can lead to a misdiagnosis.

A commonly noted aggravating factor of this injury is being seated for a long period (Kurosawa et al., 1996). In accordance with Sarimo et al, (2008), sitting was reported to aggravate the pain in the posterior thigh. The area just below the glute would also be irritated by sitting. Another factor that would provoke pain and irritation would be eccentrically lengthening the hamstring. Easing factors for the injury include rest, ice, elevation of the affected limb, and avoiding too much harsh palpation and pressure on the area.

Many of the soft tissue structures in the body have a stress-strain curve, for example, muscles, tendons, cartilage, and ligaments. Tendons have a lot of viscoelasticity and react differently under different kinds of strain. Some stress-strain curves can be similar. Due to tendons being viscoelastic at a low strain rate they can deform more. A tendon stress-strain curve begins with a toe region. When a tendon has been stretched up to 2% it is within the toe region (Angin, 2020, pp.115-147). The next region is known as the linear region. This is where a tendon is strained to 4% and the collagen fibers begin to straighten out from their crimped pattern (Angin, 2020, pp.115-147). Hoffman and Gross (2007) declared that when a tendon has been strained up to 4% it conducts itself in an elastic form. A tendon behaving in this manner allows it to return to its original form when the strain is no longer present. However, once a tendon stretches over 4% damage starts to occur in the form of microscopic tears. From here as the strain on the tendon increases so does how much it's being stretched, which also proceeds to further the damage. At 8 to 10% macroscopic failure of the tendon begins (Angin, 2020. pp.115-147). Finally, the tendon will rupture under the strain. See image A below.

Most sporting injuries are treated with the RICE protocol in the acute phase (Chu and Rho, 2016). RICE stands for rest, ice, compression, and elevation. Both Peterson (2005) and Chu and Rho (2016) agree that RICE is used to help with decreasing pain and inflammation levels. It is also used to help with hematomas, which do occur with a proximal hamstring avulsion. Another form of management option available is NSAIDs. Otherwise known as non-steroidal anti-inflammatory drugs. Peterson (2005) states that NSAIDs are a good form of management to be used, granted it is within the appropriate time frame. Thus, 2 to 3 days post-trauma or injury. It is important to avoid any interference with the inflammatory stage of the body's healing process.

Objective Signposts
Bengtzen, ma, and Herzka (2018) declared that a proximal hamstring avulsion would limit the injured limbs' range of motion. The ranges of movement to prioritize during the assessment are flexion and extension at both the knee and hip. It is expected to see weakness during knee flexion. Sarimo et al, (2008) noted these findings in their study, in all cases. The athlete must go through an assessment of an active and passive range of movement. Passive is where the clinician takes the athlete through the range, more range could be achieved through passive range rather than active. Resisted range of motion is also important to assess as it indicates strength. With the avulsion, it is expected to see a decrease in both hip extension and knee flexion strength, as stated by Sarimo et a., (2008). With the athlete in a prone position, taking their knee in flexion actively may cause a clinician to rule out an avulsion if they do not see how the athlete flexes the knee using their gastrocnemius muscle to compensate for the loss of range and strength of the injured hamstring. This could be a means of misdiagnosis (Bertiche et al., 2021). 

Two of the most important manual muscle tests to assess for any hamstring injury are hamstrings as a group over the knee and hip (Heiderscheit et al., 2010). Although, the clinician must take into consideration that testing the muscles, especially the hamstring itself will be significantly difficult considering the athlete will have swelling and will be in a high level of pain (Kwong, 2006). An obvious weakness would be noted, and a high degree of pain near below the glutes. Heiderschiet et al, (2010) also recommend testing all three hip adductors, adductor longus, adductor magnus, and adductor brevis. The recommendation to test these muscles is to rule out other injuries such as an adductor strain.
 
The purpose of palpation is to identify any soreness or pain in certain structures like bones or muscles. Palpation can help to confirm or rather solidify any potential diagnosis of the injury a clinician might have based on their findings from the range of movement and manual muscle test assessment As well as, ruling out or adding doubts to some potential diagnoses. As the tendons attach the hamstring to the ischial tuberosity, for a suspected proximal hamstring avulsion, the area of the ischial tuberosity just underneath the glute should be assessed. It was reported by Bengtzen, ma, and Herzka (2018) that subjects in their study had soreness on palpation of the glute. Sarimo et al, (2008) wrote of a deformity to the ischial tuberosity just near the distal aspect found on palpation. Linking with the deformity was a noticeable bulge also on the distal aspect. This bulge became more prominent when the athlete took the injured leg into knee flexion against resistance (Bengtzen, ma, and Herzka, 2018). Palpation of the hamstring belly should also be taken into consideration to assess if any trauma has occurred further down.

The hamstrings as stated above cross the knee and help to cause flexion. The tibia however pulls posteriorly due to the hamstrings. An injured hamstring causes more strain on the ligament of the knee known as the ACL, PCL, MCL, and LCL. Often with hamstring injuries due to the mechanism or overtime due to more strain the ligaments can suffer from damage. However, not often with a proximal hamstring avulsion. During an assessment, it would be beneficial for a clinician to rule out any damage to these ligaments by performing ligament stress tests on them. To solidify the diagnosis special tests can be done. Heiderschiet et al, (2010) suggest that the special test passive straight leg raise should be used. Ultimately ensuring that the leg not moving and remains in contact with the bed at all times. This test should be difficult and sore for the athlete. Another test recommended is the active hamstring test, with knee flexion against resistance at 30 and 90 degrees. This is done with the athlete in a seated position. During the movement, the clinician should palpate around the ischium area (Martin et al., 2018). This test was deemed to be a good indicator for the diagnosis of a proximal hamstring avulsion. A test also advised by Martin et al, (2018) is the LSHS (Long stride heels strike) test. The athlete will show a long stride. An indicator for a positive test would be pain in the ischium area as well as an altered gait. Lastly, the assessment is a functional test. 

Based on the findings of the research, it has shown that in the early phase post-trauma, most that have suffered from this injury struggle with walking (Sarimo et al., 2008). Using walking as a functional test would allow the clinician to assess the athletes' gait cycle and potentially notice any compensatory issues or any alterations to what is seen as a normal gait. Bertiche et al, (20210 provided a functional test in their study where athletes remove their shoes on their injured leg. To remove the shoe, they must place their other foot on t the heel of the affected leg and push the shoe off. In the acute injury phase, the athlete in question would struggle to do this test. Performing a glute bridge, starting with the easiest way which is feet closer to the glutes is another test that can be used (Martin et al., 2018). Many again would struggle with this test and experience pain underneath their glute. To fully diagnose this injury a referral for imaging is necessary. Both MRI scans and Ultrasounds can be used. Although most prefer MRI as the better option for this specific injury (Pasic, Griffin and Degen (2019). The reason for this is an MRI can show the difference between a partial avulsion to the area and a complete avulsion (Bertiche et al., 2021). It can also show if any retraction has occurred. It is also important to keep an eye out for any red flags. These would be unexplained weight loss, and bladder and bowel changes, constant pain, problems when coughing or sneezing and any bilateral pins and needles.

A referral is needed for athletes that have a proximal hamstring avulsion. As stated above a referral for images is deemed necessary to diagnose. Also, surgical repair is the most commonly used treatment for this injury which can only be recommended from image-based findings (Pasic, Griffin and Degen, 2019). Many cases of several injuries require referral as there are certain procedures clinicians must abide by. For example, sports therapists must work within their scope of practice (Wadsworth, Paszkowec and Eubank, 2020). This keeps the clinician and the athlete safe as they only apply and assess what they're qualified to do. A referral is the next step once a clinician cannot do anymore for the client due to it being outside their scope of practice or they are still at a loss with a diagnosis. Referral to a sports psychologist is also an option when an athlete shows signs of aggression, no motivation, and mood swings. You should refer an athlete to someone safe and credible, it is also best if you know the clinician as it makes the referral process easier to trust the athlete. You should provide the information deemed necessary and that is appropriate during the referral. Whilst providing the athlete with information about the clinician and their role.

Conclusion
As uncommon as proximal hamstring avulsions are, they are not to be taken lightly. They are easily overlooked and misdiagnosed (Bertiche et al., 2021). Location and pain type are not to be missed. As well as where bruising and swelling appear. A key factor is the gait cycle when it comes to solidifying this diagnosis. An injury of this severity must be treated with caution and safety for the best interest of the athlete.
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