Biomechanical Assessment of a Fractured Fibula Rehabilitation Process
Introduction
[bookmark: _Int_7h97C5Ob]The purpose of this analysis was to come to an educated conclusion on whether or not the rehabilitation of a 20 year old male rugby player’s fractured left fibular was successful and to what degree it may or may not have been successful. In order to gain this information, kinesiological and performance related imbalances between the injured (left) leg and uninjured leg were measured, recorded and analysed. As previously stated the client is a 20 year old male rugby player. The client fractured their fibula 5 years ago during a rugby game. The client currently plays rugby at a semi-professional level with Carmarthen Quins RFC (as well as Crymych RFC) and plays second row and back row. The client is 190cm and weighs 114kg currently. 
[bookmark: _Int_XupHpDVm]In order to assess if and how this injury affects the client’s performance, the client performed a  unilateral vertical jump on both  the right and left leg respectively. The force platform measured jump height, whilst also measuring the maximum power and force produced by both legs. The client’s maximum force and power data was recorded because a study published by Cunningham et al., (2013) stated that relative strength and power are negatively correlated with 10M sprint time. A 10M sprint is a short acceleration which is very commonly performed by all rugby players, especially a back row and second row forwards when ball carrying. Vertical jump height was also measured firstly because a paper published by McMahon et al.,(2020) found that rugby players with greater vertical jump height recorded higher sprint momentum. Furthermore, jumping is an action that rugby players often perform when catching a high ball and in the client’s case jump (and are lifted) to catch a lineout throw. Moreover, a paper published by Yaghoubi et al., (2018) indicated that characteristics that are indicative of greater leg power are essential for greater scrummaging which relates directly to the client as second row and back row forwards participate in scrums. Although a lineout jump is performed bilaterally it, unilateral vertical jumps were performed so that imbalances between the injured and uninjured leg could be analysed.
The client’s ankle range of motion at the bottom position of a body weight squat was also assessed. A squat position was chosen so that ankle range of motion, knee range of motion and hip range of motion could be assessed, this means that a more comprehensive assessment of lower limb range of motion was performed. A paper published by Stone et al., (2024) found that gaiing a stronger full range of motion squat enhanced sporting performance and reduced injury risk accross various sports highlighting the importance of the movement to rugby players. A goniometer was used to measure the amount of dorsi-flexion at each of the ankle joints, as well as knee flexion and hip flexion on both sides. A paper published by Fong et al., stated that athletes with greater ankle dorsi-flexion range of motion were capable of greater knee flexion and therefore reduced vertical ground forces. This means that rugby players with greater ankle dorsi-flexion range of motion were capable of better shock absorption when landing after jumping and decelerating, possibly reducing injury risk. The client’s posture and gait were also assessed from a standing position in order to identify any compensatory movements in and around the injured area. This can indicate a comprehensive and successful rehabilitation process.
Biomechanical Analysis 
The maximum vertical jump height achieved by the client with their uninjured (right) leg was 11.48cm. The two jumps they performed before their maximum jump height were 10.86 and 11.04 respectively. The maximum vertical jump height achieved with the client’s injured (left) leg was 11.34cm. The two jumps performed prior to their maximum jump height 8.92 cm and 9.04cm respectively. It is important to note that the client lost balance on their first two left leg jumps. This may indicate instability and reduced proprioception within the injured ankle.  If joint instability and reduced proprioception have the potential to limit maximum jump height and therefore reduce performance, then this may indicate rehabilitation has not been successful. Proprioception is the body’s positional awareness and its ability to sense movement, and because of this a comprehensive rehabilitation programme should involve proprioception training (Lephart et al., 1997). A meta-analysis by Al Attar et al., (2013) found that balance training when incorporated as part of a rehabilitation program significantly reduces the risk of ankle injury, this directly relates to our client as the fracture he sustained was to the inferior fibula.  Therefore, if balance is an issue, then this indicates that rehabilitation was not comprehensive. 

The maximum power recorded by the client during the right leg vertical jump was 3262 watts (w), the maximum power recorded by the client’s left leg vertical jump was 3221w. This indicates that the uninjured leg is capable of producing more power and therefore suggests that rehabilitation may not have been comprehensive. However, the difference between the two recordings is not a large amount and therefore may not be a completely reliable indicator of leg power imbalance. It must be noted that the difference in recordings may be due to other factors such as injuries or weakness to joints above such as the knee and hip as the knee and hip are relatively equal to the ankle in importance to vertical jump performance (Kotsifaki et al., 2021). Moreover, the aforementioned lack of stability of the left leg may be a factor in the reduced power output. 

The maximum force produced by the right leg was 2,250 newtons (n), the maximum force produced by the left leg was 2,235 n. The client once again recorded slightly imbalanced totals, this most likely as previously stated due to poor balance and stability. 

The right ankle was capable of 45 degrees of ankle dorsi-flexion, the client was only able to achieve 35 degrees of ankle dorsi flexion on their left leg. The client was capable of achieving 110 degrees of hip flexion on both sides, 100 degrees of knee flexion on the right leg and 95 degrees of knee flexion on the left leg. The imbalances displayed by the client may be the cause for their instability and lack of balance during the unilateral vertical jump. The client was not able to perform a parallel body weight squat, this may be due to the lack of ankle dorsi flexion and knee flexion on the left side. Furthermore, the client’s lack of ankle dorsi flexion may have reduced their knee flexion as it inhibited their knee travelling over their toes. As previously stated, a strong full range of motion squat is vitally important for rugby players and the inability to achieve a parallel squat may reduce the client’s performance and increase their injury risk. The client’s 1 rep maximum squat is 190kg so whilst they have a strong squat, more emphasis on range of motion was needed during their rehabilitation program.
[bookmark: _Int_ko4J66B7]The client overpronated their left ankle in a standing position, this may have been to compensate for pain, weakness and instability on the lateral ankle. This is likely due to the fractured fibular as the fibular is the lateral of the two lower leg bones. This indicates that rehabilitation has not been comprehensively completed. There were no significant compensatory movements during gait which indicates the client’s performance is not significantly affected by the fractured fibular. A paper published by Neal et al., (2014) indicates that over-pronation can lead to overuse injuries in the ankle such as medial tibial stress syndrome. For this reason, the issue must be addressed in order to reduce the client’s injury risk. Cote et al., (2025) also suggested that people with overpronated ankles also displayed poor postural stability which can be a factor in compromising balance. Therefore, the client’s lack of balance during the left leg vertical jump may have been caused by overpronation of the foot and ankle, this may also be what contributed to the power and strength discrepancies the client displayed.

Client Recommendations
The client returned to play after an 8-month recovery and rehabilitation process. Considering the client has been playing rugby without any other long-term injuries and is currently playing semi-professional rugby and has continued to up their volume of training consistently since the initial injury, their initial rehabilitation phase is likely to have been somewhat successful. The client’s maximum leg power and maximum leg strength are relatively balanced and not restricted by the injury, however their range of motion is restricted. Due to their restricted range of motion in ankle dorsi-flexion it would be beneficial for the client to passively stretch the gastrocnemius and soleus in a dorsi-flexed position. According to an investigation published by Nakamura et al., (2024), 4 sets of 30 second passive stretches 3 times a week are effective for increasing range of motion, so it is recommended that the client performs these sets and timings. The client may also benefit from strengthening the tibialis anterior as it dorsi-flexes (and inverts) the ankle.  Schoenfield et al., (2021) recommends 1 to 5 repetitions when training to increase strength. The client could start by performing 3 sets every other day, if this causes soreness, then volume may need to be reduced. Furthermore, the client may benefit from unilateral resistance-based leg exercises as well as unilateral plyometrics in their training program to counteract any strength and power imbalances. As previously stated, 1 to 5 repetitions per set will increase strength, the client could incorporate movements such as Bulgarian split squat, unilateral calf raises and a split stance Romanian deadlift in order to achieve this outcome.  Behm et al., (2017) states that when training to enhance power, 3-6 sets of 3-6 reps of plyometric movements is most effective. The client could incorporate single leg counter movement jumps, single leg broad jumps and single leg bounds in order to rebalance their leg power. Overall, rehabilitation was carried out to a relatively effective degree, however the client may find it useful to prioritise unilateral resistance training movements, balance and proprioception training and ankle mobility training to reduce the risk of further injury and enhance performance.
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