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Module 5



PICO:  For female runners between the ages of eighteen and thirty with patellofemoral pain who are attempting to make a return to sports, does a combined program of running in water and running on dry land decrease the prevalence of re-injury more so than a program of solely running on land?


Patellofemoral Pain (PFP) Syndrome is a common injury found most often in young female athletes.1 Over twenty-five percent of all sports related knee injuries treated in outpatient orthopedic clinics are secondary to PFP.2 The aquatic environment is occasionally utilized by athletes with lower extremity injuries in order to decrease weight bearing on the injured lower extremity.3  Deep water running (DWR) allows the athlete to perform the running motion in an up-right position while decreasing weight bearing and therefore; decreasing impact on the lower extremities.  Use of DWR as a therapeutic exercise in female athletes with PFP has not been well documented in research.  The goal of this paper is to examine the existing research in order to determine how a program of DWR and LR, versus a program of solely LR, effects the frequency of re-injury in female athletes between the ages of eighteen and thirty attempting to make a return to sport. Many components must be considered when evaluating DWR as a therapeutic exercise, especially when considering DWR as an alternative to land running (LR).  We will begin with an introduction to PFP and to the aquatic environment and will progress to an examination of the current research concerning significant components of both DWR and LR.  The significant components that will be addressed in this literature review include environmental effects, hip strength and stability, metabolic response, joint loading, joint angles, joint velocity, and patient compliance. 
 
Much debate exists about the exact cause of PFP, but one of the most popular theories is that of excessive pronation.  Excessive pronation at the foot may cause the tibia to be abducted.  An abducted position of the tibia produces a valgus moment at the knee.1 The association of foot placement with tibia movement in patients may be attributed to a tight ankle mortise.1 With the increased valgus moment at the knee, the quadriceps angle (Q angle) is also increased.1 The Q angle refers to the angle formed by lines from the center of the patella to the ipsilateral anterior superior iliac spine and from the center of the patella to the tibial tubercle.4  The increased Q angle produces a lateral force on the patella.1  This lateral force has the ability to cause mal-tracking of the patella within the trochlear groove.  If mal-tracking occurs, then there may be decreased contact area between the patella and the femur with pressure isolated to the lateral facet of the patella on the lateral femoral condyle.1  Over time, the decreased contact area and increased contact pressure produces increased force and can lead to the break down of the articular cartilage between the patella and the femur.  This breakdown of articular cartilage ultimately results in PFP.  


It has also been proposed that PFP syndrome can be caused by patellar instability.5 For example, during closed-chain knee flexion, internal rotation of the femur can occur without subsequent movement of the patella.5  This instability could lead to an increased Q angle and therefore an increase in contact pressure between the lateral patellar facet and the lateral femoral condyle.5 An increase in femur adduction and/or tibial abduction in the frontal plane can also cause increased genu valgus and lead to the above mentioned consequences of an increased Q angle.1 Additional theories concerning the mode of PFP syndrome include decreased quadriceps flexibility, decreased hamstring flexibility, decreased illiotibial band flexibility, quadriceps weakness, and ligamentous laxity.2 Considering that the quadriceps, hamstring, and illiotibial band all transverse not only the knee but also the hip, it is no surprise that when comparing the gross hip strength of female athletes with PFP to age and sport matched females without PFP, Chanowski et al. found that female athletes with PFP had significantly decreased hip strength.2

When running, athletes with PFP do not experience pain at the beginning of the run but instead, slowly develop pain over time.  The pain usually occurs at the anterior aspect of the knee and may progress until the athlete is unable to continue running.1 For this reason, a quasi-experimental study by Dierks et al. in 2010 investigated lower extremity kinematics in runners with and without PFP during the end of a run when the athlete was fatigued.1 The study found that runners with PFP demonstrated decreased knee flexion when running, along with an overall decrease in range of motion and velocity of motion in the lower extremities compared to healthy controls.1 The authors suggest that this decreased range of motion and velocity may be a coping mechanism developed by the athlete to protect against the onset of PFP.1  Interestingly, Dierks et al. found that range of motion at the hip and knee increased as fatigue increased.1  This finding suggests that with increased exertion, the runners with PFP were less able to control movement of the lower extremities.  Dierks et al. propose that the increased range of motion in athletes with PFP after time spent running may be responsible for the increased PFP with time; as increased range of motion at the knee creates increased force from the patella to the femur.1

Before understanding the dynamics of deep water running, it is important to first understand the basic principals of water.  The density of the human body is less than that of water.3 For this reason, the body is forced upward when placed in water.3 Likewise, more water depth creates more water density and an increased upward moment on the body, otherwise known as buoyancy.3 For the purposes of this literature review, we are examining DWR in which the patient is fully submerged in the water to shoulder height, with a floatation device around his or her waist and without weight bearing. Therefore, the athlete is experiencing decreased stress through the weight bearing lower extremities. This DWR position forces the athlete to maintain stability at the trunk and hips in order to maintain an upright position.6 The effects of hydrostatic pressure in the aquatic environment are also of key importance to the topic.  Hydrostatic pressure has the ability to aid in resolving edema in injured extremities3 and therefore may have the capacity to aid in edema caused by PFP. Lastly, another aspect of water that must be discussed is viscosity.3 Viscosity is defined as “the magnitude of internal friction specific to a fluid during motion.”3 A positive correlation exists between increase in cadence during DWR and increase in water viscosity.  This correlation implies that there is increased muscle activity and metabolic activity with increased cadence during DWR.  


In order for a DWR and LR combination program to be regarded as an appropriate alternative to LR alone, it is necessary to examine the metabolic response of DWR as compared to LR.  Extensive research on this topic has found that if the athlete performs DWR at maximal effort and with a controlled cadence, then cardiorespiratory response between DWR and LR are equivalent.7 The cadence during DWR must be maintained at speed in which there is a comparable rate of perceived exertion and metabolic response to that of maximal running on land. Cadence was controlled using a metronome.  Research has found that if the athlete is not educated and instructed on appropriate cadence during DWR, than metabolic activity will be decreased compared to LR.8 A random and controlled clinical trial by Peyre-Tartaruga et al. in 2009 examined the physiologic effects of an eight week, thirty percent DWR and seventy percent LR protocol compared to a one hundred percent LR regimen in elite mid-distance runners with an average age of twenty two years.8 The DWR protocol was controlled for cadence.  The researchers found that the DWR and LR combination group maintained VO2 peak, body mass index, rate of perceived exertion, baseline heart rate and baseline blood pressure over the eight-week period and as compared to the control group.8 These findings suggests that a combined program of thirty percent DWR and seventy percent LR program has the ability to maintain an athlete’s metabolic response over 
an eight week period compared to solely LR.   


In the same study, Peyre-Tartaruga et al. also examined kinematic response over the eight-week period.  The researchers found that after the eight weeks, runners in the DWR and LR combination group had maintained running performance when considering 500m-race time prior to the eight weeks and as compared to the control group.8 Other kinematic parameters that were also maintained included stride length, lower extremity support time (single limb stance time,) non-support time, stride frequency, knee angle at keel strike, knee angle at take off, and horizontal velocity.8 There exists much research dedicated to discovering the differences in kinematics during DWR and LR.  Peyre-Tartaruga et al.’s results are significant because they suggest that despite defined differences in running kinematics during DWR as compared to LR, after an eight week period of a combined program, running kinematics on land are maintained.   


Similarly, a longitudinal cohort study by Bushman et al. in 1997 examined the effects of an intensive four-week, six days per week, DWR program on running performance in trained competitive runners with an average age of thirty two years.9 No significant differences were found between 5k race time prior to and post four week period.9  In terms of metabolic response, there were no significant differences found when considering pre and post submaximal oxygen consumption, lactate threshold running velocity, and maximal oxygen consumption.9  A study by Eyestone et al. in 1993 compared DWR and cycling to LR in terms of two mile running performance.10  The results showed that when randomly placed in either a DWR, LR, or cycling group, over a six week period the athletes were all able to maintain two mile running performance.10  The results of the above mentioned studies concerning DWR programs over time suggest that DWR has the ability to maintain running performance from both a kinematic and metabolic standpoint in healthy, trained-individuals when performing DWR at a controlled cadence.  Eyestone et al. suggests that despite differences in kinematics, DWR may be an appropriate intervention for runners with soft tissue injuries of the lower extremities who experience pain during weight bearing activities.10   

As previously mentioned, much research on the topic of DWR is dedicated to understanding the actual kinematic differences during DWR compared to LR.  A cross-sectional study by Kilding et al. in 2007 investigated the kinematics of five healthy male distance runners during DWR and during LR.11 Upon analysis, the researchers found that during DWR, the participants had gross increased range of motion at the hip and at the knee compared to LR.  More specifically, the researchers found that during DWR there is more hip flexion but less hip extension, along with similar amounts of knee flexion but more knee extension in DWR.11 As previously mentioned, Dierks et al. found that runners with PFP had decreased overall range of motion and lower extremity velocity compared to runners without PFP.1  It would be interesting to determine if the same as was found in the research by Kilding et al. would hold true for athletes with PFP. In other words, would DWR increase gross range of motion in athletes with PFP?  


The research by Kilding et al. also found that there is an absent lag time between initiation of hip and knee flexion in DWR as compared to LR.11 When comparing kinematics of DWR and LR in female athletes with an average age of twenty two years, a study by Alberton et al. in 2010 found a decrease in angular velocity of the hip in DWR as compared to LR.7 This decreased angular velocity of the hip may be attributed to the increased water viscosity associated with the increased velocity of movement.  With the laws of water viscosity in mind and considering the findings by Kilding et al. which suggest an absent lag time between activation of hip and knee flexion, it is possible that knee angular velocity in DWR is decreased as compared to LR.  If this consideration were true, than the time of loading between the patella and the femur would be increased during DWR, therefore allowing decreased force through the joint. Additional research would be necessary to confirm this deduction.  


As previously mentioned, a study by Chinanowski et al. found that athletes with PFP had decreased gross hip strength compared to athletes without PFP.2  When comparing the effected lower extremity to the unaffected lower extremity in athletes with PFP, the researchers also found that there was significantly decreased abduction and external rotation strength in the effected lower extremity.2 Research suggests that due to the open-chain quality of DWR, there is more instability at the hip than compared to closed chain activities such as walking in water or walking on land.6 That being said, DWR may be a better intervention for improving hip strength than land walking.  More specifically, DWR may be an appropriate intervention for abductor and external rotation strength considering the importance of these muscle groups for maintaining hip stability.12 Further research is necessary to examine instability at the hip in DWR versus LR and also to examine the effects of DWR on hip strength in athletes with PFP.

Research has demonstrated the importance of thoroughly educating and training individuals in DWR before beginning a rehabilitation protocol.13 Athletes must be educated on the importance of 
 as research has exhibited that cadence control is key to maintaining both running performance and metabolic response during DWR.8,9  In terms of efficacy, Bushman et al. found that when considering scores on the Profile of Mood States, a four-week DWR program with controlled cadence maintained the positive mood of athletes.9  This finding suggests that female athletes enjoyed DWR, and therefore; the proposed population may be compliant with a combined DWR and LR program.  

Bearing in mind the research discussed in this paper, it is crucial that further studies be performed considering the effects of DWR specifically on the population of athletes with PFP.  The hydrostatic pressure of the aquatic environment may help to decrease the edema caused by PFP.3 The density and buoyancy of water create an environment that can decrease the force through weight bearing joints3 This fact suggests that patients with PFP who performed DWR would have significantly decreased force transmitted from patella to femur.  This decrease in force would allow for the strengthening of the lower extremities and maintenance of running performance and cardiorespiratory status, without increasing compromise to the articular cartilage between the patella and the femur.  Research suggests that it is the “repetitive action of single-leg weight bearing over a flexed knee that may result in the inability to continue to run” in patients with PFPS.1 In the aquatic environment of DWR, the single-leg weight-bearing phase does not exist.   Protection of the articular cartilage between the patella and the femur could ultimately result in decreased prevalence of re-injury. Although a lack of weight bearing in DWR has been shown to alter muscle activity and kinematics as compared to running on land,13 research has shown that LR performance and kinematics are maintained over four weeks of solely DWR9 and over eight weeks of a combined program.8   Research concerning running in the water with weight bearing, such as on an underwater treadmill, is necessary to have a full understanding of how the lack of weight bearing effects DWR.    


Research has shown that athletes with PFP have decreased knee flexion during running.1 The gross increase in movement found in DWR as compared to LR may have the potential to improve range of motion in athletes with PFP, although research does not exist to support this theory.  Decreased rates of knee flexion during DWR may allow for an increased range of motion at the knee without subsequent increase in pain.  Additional research is necessary to determine knee range of motion during DWR for athletes with PFP.  Likewise, a decreased rate of knee flexion would decrease the amount of force transferred from the patella to the femur.  When considering a rehabilitation program for return to sport, the decreased force through the patellofemoral joint may indicate a decrease in prevalence of re-injury compared to LR.  Further research is necessary to determine contact pressures between the patella and femur during DWR in athletes with PFP.
 

Before suggesting DWR as an intervention, clinicians should be informed about the many confounding factors associated with DWR.  While the environmental effects, hip strength and stability, metabolic response, joint loading, joint angles, joint velocity, and patient compliance of DWR have been studied, further research is necessary in order to fully understand how DWR compares to LR when considering the population of female athletes with PFP.  Clinicians must make informed decisions about DWR and LR combined programs as an alternative to solely LR in female athletes with PFP based on the current research.  Ideally, further research would include specific protocol for administering DWR and LR combined programs to specific populations such as female athletes with PFP.  

I was able to highlight parallels between studies and to justify the many reasons why further research is necessary in order to investigate the use of a DWR and LR combination program in the PFP population.  While I did find a significant amount of research dealing with the given age range of eighteen to thirty, I was not able to find significant research about solely female athletes. My PICO question will not be answered until a study is conducted on female athletes between the ages of eighteen and thirty with PFP to compare a DWR and LR combination program to a solely LR program in order to determine frequency of re-injury.  


The research that I conducted in order to answer my PICO question is indirectly related to my capstone project.  For my capstone project, I am planning on creating an Introduction to Aquatic Therapy module for first year DPT students at UNC.  I will be able to use aspects of my research from this project when creating the module.  These aspects include but are not limited to the dynamic properties of the aquatic environment, the effects of the aquatic environment on metabolic response, and the difference between velocity of activity on land and velocity of activity in water.
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